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Objective: The effect of arginine on tumors appears to be bidirectional.

The association of serum arginine with the risk of incident cancer remains

uncovered at present. We aimed to investigate the prospective relationship

of baseline serum arginine concentrations with the risk of incident cancer in

hypertensive participants.

Materials and methods: A nested, case-control study with 1,389 incident

cancer cases and 1,389 matched controls was conducted using data from

the China H-Type Hypertension Registry Study (CHHRS). Conditional logistic

regression analyses were performed to evaluate the association between

serum arginine and the risk of the overall, digestive system, non-digestive

system, and site-specific cancer.

Results: Compared with matched controls, cancer patients had higher levels

of arginine (21.41 µg/mL vs. 20.88 µg/mL, p < 0.05). When serum arginine

concentrations were assessed as quartiles, compared with participants in the

lowest arginine quartile, participants in the highest arginine quartile had a

32% (OR = 1.32, 95% CI: 1.03 to 1.71), and 68% (OR = 1.68, 95% CI: 1.09

to 2.59) increased risk of overall and digestive system cancer, respectively,

in the adjusted models. In the site-specific analysis, each standard deviation

(SD) increment of serum arginine was independently and positively associated

with the risk of colorectal cancer (OR = 1.35, 95% CI: 1.01 to 1.82) in the

adjusted analysis.
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Conclusion: We found that hypertensive individuals with higher serum

arginine levels exhibited a higher risk of overall, digestive system, and

colorectal cancer.
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arginine, cancer, serum, hypertension, Chinese

Introduction

As the world’s most populous country, China has made
significant progress in health promotion in recent decades.
However, due to increases in the severity of cancer risk
factors, especially an aging population, poor diet, and higher
rates of obesity, diabetes, and environmental pollution,
China continues to experience a growing cancer burden
with almost 22 and 27% of the global cancer cases and
deaths, respectively, occurring in China in 2015 (1). The
established risk factors for cancer include use of tobacco
products (2), infectious agents (3), alcohol consumption (4),
obesity (5), environmental pollution (6), and poor diet (7).
Researchers estimate that almost 60% of cancer could be
prevented by reducing these risk factors, many of which
are modifiable (8). It is important to investigate numerous
carcinogenic factors to determine potential screening and
prevention methods.

Arginine, a semi-essential amino acid, plays a crucial role
in the urea cycle and the synthesis of protein, polyamines,
creatine, and nitric oxide (NO) (9). L-arginine supplementation
has been demonstrated to be beneficial for endothelium-
derived NO production and endothelial function in numerous
studies, reducing systemic blood pressure in some forms of
experimental hypertension (10). Animal studies have shown
that arginine reduces white fat mass while increasing brown fat
and skeletal muscle mass, increases several lipolytic enzymes,
and reduces the levels of insulin resistance (IR) (11–14).
Moreover, L-arginine concentrations in the intracellular
environment have a direct impact on the metabolic fitness
and survival capacities of T cells which are crucial for
anti-tumor immunity (15). Arginine may reduce the risk
of cancer due to its beneficial effect on the regulation of
nutrient metabolism and T cells. In recent years, however,
arginine’s role in carcinogenesis has received increasing
attention because it promotes cell growth in cancerous tissues
(16). Cancer microenvironments are profoundly affected by
arginine availability and the activation of arginine-related
pathways (16). Notably, polyamines and NO, synthesized solely
from arginine, may affect tumor initiation, progression,
tumor-cell adhesion, differentiation, angiogenesis, and
immunosuppression (17–19). In addition, clinical trials

have shown positive results with arginine deprivation in cancer
therapy (20).

In short, the effect of arginine on tumors appears to be
bidirectional. However, as an important amino acid, the precise
role of serum arginine concentrations on the occurrence of
cancer is poorly understood. This study aimed to explore the
association of serum arginine levels with incident cancer risk
by drawing data from a case-control study, nested within
a community-based, prospective cohort among hypertensive
participants, thereby providing possible implications for early
diagnosis and treatment of cancer.

Materials and methods

Study population

The population in the current study was obtained from the
China H-Type Hypertension Registry Study (CHHRS; URL1;
unique identifier: ChiCTR1800017274), which is an ongoing,
community-based, observational, and real-world registry study.
The CHHRS aimed to establish a national registry of H-type
hypertensive patients, to assess the prevalence, treatment, and
prognosis of H-type hypertension in China. Individuals aged
18 years and over with essential hypertension, defined as seated,
systolic blood pressure (SBP) ≥ 140 mmHg and/or seated,
diastolic blood pressure (DBP) ≥ 90 mmHg at the screening
visit were eligible for participation. Participants were excluded
if they had a psychological or nervous system impairment that
prevented them from giving informed consent or from being
followed up according to the study protocol. There were two
stages in this study: (1) recruitment and (2) observation follow-
up which was scheduled every 3 months during the 3-year trial
period. At each visit, SBP, DBP, heart rate, medication usage,
adverse events, and study outcomes were recorded. The primary
outcome was the first composite of cardiovascular events and
consisted of non-fatal strokes, myocardial infarcts, and vascular
deaths. Other outcomes included cancer, kidney disease, and
all-cause mortality.

1 http://www.chictr.org.cn/showprojen.aspx?proj=28262
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Outcome assessment

Ascertainment of cancer was carried out by the Centers
for Disease Control and Prevention (CDC) of Rongcheng,
or through electronic linkage to hospitalizations where
patients had received treatment for malignant tumors,
or from active follow-up. In the absence of pathological
results, potential cancer cases were further evaluated by two
oncologists. Cancer cases could only be identified when the
diagnoses were confirmed by both oncologists and were
coded using the International Classification of Diseases, Tenth
Revision (ICD-10).

Nested case-control study

We conducted a case-control study nested within the
CHHRS. The controls were selected from the study population
who were cancer-free at the end of the follow-up period and
were matched with cases by age (± 1 year), sex, and region in
a 1:1 ratio. The initial sample consisted of 1,419 incident cases
and 1,419 matched controls. After excluding 31 participants
with missing serum arginine measurements and 29 unpaired
individuals, a total of 2,778 participants (1,389 cancer cases
vs. 1,389 matched controls) were included in the final analysis
(Figure 1). Participants were further divided into four groups
based on arginine quartiles, with cut-off values of 17.62, 21.16,
and 25.64 µg/mL, respectively.

Exposure and covariates

A morning serum sample was collected from all participants
following an overnight fast at the baseline screening. Serum
arginine was measured using liquid chromatography with
tandem quadrupole mass spectrometry (LC-MS/MS) in
a commercial lab (Beijing DIAN Medical Laboratory,
China2). The descriptions of LC-MS/MS setting parameters,
the modes and type of the instrument are described in
Supplementary material. Biochemical indexes including
alanine aminotransferase (ALT), albumin (ALB), triglycerides
(TG), total cholesterol (TC), uric acid (UA), high-density
lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG),
creatinine, homocysteine (HCY), and folate were analyzed using
automatic clinical analyzers (Beckman Coulter) at the central
laboratory of the National Clinical Research Center for Kidney
Disease, (Nanfang Hospital, Guangzhou, China). Information
on age, sex, marital status, education level, smoking status,
alcohol consumption, sleep quality, history of chronic disease,
antihypertensive drug usage, and family history of cancer was

2 http://www.dazd.cn

collected using a standard questionnaire. Participant height and
weight were measured by trained medical staff, and body mass
index (BMI) was calculated as body weight (kg) divided by the
square of height (m2).

Statistical analysis

Participant baseline characteristics were presented as
means ± SDs, medians (IQR), and proportions for normally
distributed, skewed distributed, and categorical variables;
differences between the cases and controls were compared
using paired t-tests, non-parametric Kruskal-Wallis tests, and
chi-square tests (Fisher’s exact test), respectively. The dose-
response relationship between arginine (per SD) and cancer
risk was calculated by restricted cubic spline regression (RCS).
Odds ratios (ORs) and 95% confidence intervals (CIs) for the
association of serum arginine levels (per SD, and quartiles)
with overall, digestive system, and non-digestive system cancer
risk were estimated using conditional logistic regression with
models unadjusted and adjusted for the variables including
BMI, smoking status, alcohol drinking status, SBP, TG, TC,
UA, glucose, HDL-C, creatinine, ALB, ALT, HCY, sleep quality,
anti-hypertensive drug usage, and family history of cancer. In
addition, we further explored the effect of serum arginine levels
on the occurrence of site-specific cancers. A subgroup analysis
on the association was also conducted on the variables age
(median, < 69 vs. ≥ 69 years), sex, smoking status (never vs. past
or current), drinking status (never vs. past or current), folate
levels (median, < 6.13 vs. ≥ 6.13 ng/mL), and BMI (< 24 vs.
24–27.9 vs. ≥ 28 kg/m2). The association of serum arginine with
cancer risk was reanalyzed after further dividing participants
by their median follow-up interval according to the time of
cancer occurrence (< median vs. ≥ median follow-up period) to
avoid any possible influence of preclinical disease on the results.
A two-tailed P < 0.05 was considered statistically significant in
all analyses. R software (version 3.4.13) and SAS (version 9.4)
were used for all statistical analyses.

Results

Baseline characteristics of the
participants

The current study included 1,389 cancer cases, with 543
digestive system cancer cases and 846 non-digestive system
cancer cases. The most common cancer types were lung
(n = 361), followed by colorectal (n = 180), gastric (n = 160),
liver (n = 107), breast (n = 85), head and neck (n = 82), prostatic

3 http://www.R-project.org
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FIGURE 1

Flow chart of study participants in the nested case-control study within the HHPCP.

TABLE 1 Baseline characteristics of the cancer cases and matched controls.

Variables Controls (n = 1,389) Cases (n = 1,389) p-value

Age, y 69.32 ± 7.76 69.32 ± 7.76 0.999

Males, n (%) 779 (56.08) 779 (56.08) 1.000

BMI, kg/m2 25.73 ± 3.60 25.72 ± 3.83 0.953

Baseline SBP, mmHg 148.48 ± 21.26 147.52 ± 21.30 0.237

Baseline DBP, mmHg 83.73 ± 11.33 83.07 ± 11.76 0.134

ALT, U/L 8.05 (7.0, 13.0) 10.0 (7.0, 14.0) 0.148

ALB, g/L 45.43 ± 2.45 44.75 ± 2.97 <0.001

TG, mmol/L 1.21 (0.86, 1.77) 1.19 (0.84, 1.80) 0.630

TC, mmol/L 6.51 ± 1.23 6.44 ± 1.30 0.202

UA, µmol/L 320.0 (269.0, 371.0) 314.0 (264.0, 374.0) 0.393

HDL-C, mmol/L 1.23 ± 0.24 1.22 ± 0.27 0.795

FBG, mmol/L 6.25 ± 1.71 6.29 ± 1.83 0.626

Creatinine, µmol/L 45.84 (27.03, 51.00) 52.0 (10.0, 64.0) 0.748

Folate, ng/mL 6.14 (4.03,9.66) 6.11 (4.22, 10.12) 0.466

HCY, µmol/L 12.01 (10.31, 14.66) 12.25 (10.06, 15.03) 0.886

Arginine, µg/mL 20.88 (17.34, 25.11) 21.41 (17.94, 26.25) 0.001

Marital status, [married, n (%)] 1144 (82.36) 1178 (84.81) 0.354

High school education or above, n (%) 108 (7.78) 103 (7.42) 0.720

Current smoker, n (%) 334 (24.05) 401 (28.87) 0.011

Current drinker, n (%) 388 (27.93) 370 (26.64) 0.359

History of CKD, n (%) 14 (1.01) 25 (1.80) 0.076

History of CHD, n (%) 0 (0) 165 (11.88) <0.001*

History of stroke, n (%) 0 (0) 64 (4.61) <0.001*

Family history of cancer, n (%) 47 (3.38) 50 (3.60) 0.918

Poor sleep quality, n (%) 191 (13.75) 259 (18.65) 0.002

Antihypertensive drug usage, n (%) 494 (35.57) 557 (40.10) 0.014

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; ALB, albumin; TG, triglycerides; TC, total cholesterol; UA, uric acid;
HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; HCY, homocysteine; CKD, chronic kidney disease; CHD, coronary heart disease. *Compared by Fisher’s exact test.

(n = 58), lymphoma and leukemia (n = 57), pancreatic (n = 48),
uterine and cervical (n = 47), and bladder cancer (n = 41).
Table 1 shows the characteristics of cancer patients and matched

controls. Compared with matched controls, cancer patients
had higher levels of arginine (21.41 µg/mL vs. 20.88 µg/mL,
p < 0.05). Significant differences were found in concentrations
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FIGURE 2

Association between serum arginine concentrations and cancer risk using restricted cubic spline (RCS). (A) Overall cancer. (B) Digestive system
cancer. (C) Non-digestive system cancer. Models were adjusted for BMI, smoking status, alcohol drinking, systolic blood pressure, triglycerides,
cholesterol, uric acid, glucose, HDL-C, creatinine, ALB, ALT, HCY, sleep quality, antihypertensive drug usage, and family history of cancer.

of ALB, and percentage rates of the current smoker, history of
stroke, history of CHD, poor sleep quality, and antihypertensive
drug usage between cases and matched controls. In addition,
there were no differences between cancer patients and controls
in terms of age, sex, BMI, blood pressure, ALT, TG, TC, UA,
HDL-C, FBG, creatinine, folate, HCY, marital status, current
drinker, history of CKD, and family history of cancer (all
p-values for differences > 0.05).

Association of arginine with the risk of
cancer

Figure 2 shows the dose-response relationship between
arginine concentrations (per SD) and incident cancer risk.
Arginine was found to be positively, and non-linearly correlated
with the risk of overall and digestive system cancer, but not
with the risk of non-digestive system cancer. Tables 2, 3
show the ORs (95% CI) of arginine associated with the risk
of overall, digestive system cancer, and non-digestive system
cancer. Each standard deviation (SD) increment of serum
arginine concentration significantly elevated the risk of overall
cancer (OR = 1.13, 95% CI: 1.03 to 1.24) and digestive system
cancer (OR = 1.21, 95% CI: 1.04 to 1.42) in the multivariate
analysis. Compared with participants in the lowest arginine
quartile (Q1), patients in the highest arginine quartile (Q4) had a
32% (OR = 1.32, 95% CI: 1.03 to 1.71), and 68% (OR = 1.68, 95%
CI: 1.09 to 2.59) increased risk of overall and digestive system
cancer in the adjusted models, respectively. Table 4 shows the

effect of arginine on the occurrence of site-specific cancers.
Each standard deviation (SD) increment of serum arginine
was independently and positively associated with the risk of
colorectal cancer in the adjusted analysis (OR = 1.35, 95% CI:
1.01 to 1.82).

Subgroup analyses

Figure 3 illustrates the results of the subgroup analysis
of the association between serum arginine concentrations
and overall cancer risk. None of the factors, including age,
sex, smoking status, drinking status, folate levels, body mass
index, and follow-up period, had an effect on the association
between arginine concentrations and overall cancer risk (all
p for interaction < 0.05). Significant, positive associations of
arginine levels with overall cancer risk were found among all age
subgroups, males, past/current smokers, and those with lower
folic acid levels, normal BMI and whose cancer occurred prior
to the median of the follow-up period.

Discussion

In this case-control study nested within a population-
based, prospective cohort study, we found that hypertensive
individuals with higher serum arginine levels exhibited a higher
risk of overall cancer. Significant associations were similarly
observed for digestive system cancer, especially colorectal
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TABLE 2 The association of serum arginine with overall cancer risk.

Arginine (µg/mL) Cases/Controls (Ratio 1:1) Crude model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value

Per SD 1389/1389 1.16 (1.07, 1.26) < 0.001 1.13 (1.03, 1.24) 0.007

Quartiles

Q1 (< 17.62) 327/368 Ref. Ref.

Q2 (17.62– < 21.16) 343/352 1.12 (0.90, 1.38) 0.309 1.05 (0.83, 1.32) 0.681

Q3 (21.16– < 25.64) 339/354 1.11 (0.89, 1.38) 0.348 1.13 (0.89, 1.45) 0.321

Q4 (≥ 25.64) 380/315 1.43 (1.14, 1.79) 0.002 1.32 (1.03, 1.71) 0.031

Models were adjusted for ALT, ALB, BMI, smoking status, alcohol drinking, SBP, TC, TG, UA, HDL-C, glucose, creatinine, folate, HCY, sleep quality, antihypertensive medication, and
family history of cancer. Statistically significant values are shown in bold with all p values < 0.05.

TABLE 3 The association of arginine with the digestive system and non-digestive system cancer risk.

Arginine (µg/mL) Digestive system Non-digestive system

Cases/Controls OR (95% CI) p-value Cases/Controls OR (95% CI) p-value

Per SD 543/543 1.21 (1.04, 1.42) 0.017 846/846 1.09 (0.97, 1.22) 0.135

Quartiles

Q1 (< 17.62) 133/153 Ref. 194/215 Ref.

Q2 (17.62– < 21.16) 129/134 1.08 (0.73, 1.59) 0.694 214/218 1.01 (075, 1.36) 0.953

Q3 (21.16– < 25.64) 139/139 1.30 (0.86, 1.96) 0.207 200/215 1.06 (0.78, 1.46) 0.704

Q4 (≥ 25.64) 142/117 1.68 (1.09, 2.59) 0.018 238/198 1.15 (0.83, 1.60) 0.397

Models were adjusted for ALT, ALB, BMI, smoking status, alcohol drinking, SBP, TC, TG, UA, HDL-C, glucose, creatinine, folate, HCY, sleep quality, antihypertensive medication usage,
and family history of cancer. Statistically significant values are shown in bold with all p values < 0.05.

TABLE 4 The association of serum arginine (per SD) with site-specific cancer risk.

Arginine (µg/mL) Cases/Control (Ratio 1:1) Crude model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value

Lung cancer 361/361 1.22 (1.04, 1.43) 0.015 1.15 (0.96, 1.37) 0.131

Colorectal cancer 180/180 1.40 (1.10, 1.76) 0.006 1.35 (1.01, 1.82) 0.048

Gastric cancer 160/160 1.23 (0.95, 1.59) 0.118 1.34 (0.97, 1.86) 0.077

Liver cancer 107/107 0.87 (0.63, 1.19) 0.379 0.89 (0.58, 1.36) 0.589

Breast cancer 85/85 1.13 (0.82, 1.51) 0.487 1.05 (0.70, 1.59) 0.813

Head and neck cancer 82/82 1.67 (1.14, 2.44) 0.008 1.48 (0.93, 2.35) 0.096

Lymphoma and leukemia 57/57 1.19 (0.80, 1.78) 0.167 2.23 (0.72, 6.93) 0.167

Prostatic cancer 58/58 0.97 (0.68, 1.38) 0.878 0.90 (0.53, 1.53) 0.695

Pancreatic cancer 48/48 1.06 (0.68, 1.68) 0.788 0.57 (0.16.2.12) 0.405

Bladder cancer 41/41 1.07 (0.71, 1.59) 0.759 0.46 (0.14, 1.55) 0.210

Uterine and cervical cancer 47/47 0.90 (0.55, 1.47) 0.664 0.66 (0.31, 1.40) 0.282

Models were adjusted for ALT, ALB, BMI, smoking status, alcohol drinking, SBP, TC, TG, UA, HDL-C, glucose, creatinine, HCY, sleep quality, antihypertensive medication, and family
history of cancer. Statistically significant values are shown in bold with all p values < 0.05.

cancer. We also observed significant associations of arginine
levels with overall cancer risk among all age subgroups, males,
past/current smokers, and individuals with lower folic acid
levels, normal BMI and with cancer occurring before the median
follow-up period.

This study is the first to find that serum arginine levels
are positively associated with overall and colorectal cancer risk

in hypertensive cancer-free participants. However, results from
several previous studies partly support our findings as follows: A
study including in vivo results in mice and epidemiologic results
in human cancer cases found that an arginine diet resulted in
higher tumor grades in mice, and meat consumption (a major
source of dietary arginine) resulted in adverse outcomes for
patients suffering from familial CRC (21); Yerushalmi HF et al.

Frontiers in Nutrition 06 frontiersin.org

https://doi.org/10.3389/fnut.2022.1069113
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1069113 November 12, 2022 Time: 15:15 # 7

Liu et al. 10.3389/fnut.2022.1069113

FIGURE 3

Stratified analyses of the association of serum arginine (per SD) with the risk of overall cancer. Models were adjusted for BMI, smoking status,
alcohol drinking, systolic blood pressure, triglycerides, cholesterol, uric acid, glucose, HDL-C, creatinine, ALB, ALT, HCY, sleep quality,
antihypertensive drug usage, and family history of cancer except for the stratified factors.

evaluated the roles of dietary arginine and inducible nitric oxide
synthase (NOS2) in Apc-dependent intestinal tumorigenesis
in Min mice with or without a functional NOS2 gene, and
found that dietary arginine increased colon tumorigenesis in
ApcMin/ + mice (22); Some tumors (auxotrophic tumors)
require arginine for growth, and disturbances in arginine
metabolism is a distinct feature of the presence of a malignant
tumor. Several previous studies also found a significant decrease
in arginine levels among cancer patients (23–25).

Nitric Oxide (NO) is a ubiquitous signal transduction
molecule generated by arginine metabolism, and NO has been
linked to a large number of cancer-related events (16). Despite
its simplistic biochemistry, NO plays an extremely complex
role in tumor biology. One study found that ulcerative colitis
patients might be more likely to develop cancer because
chronic colonic inflammation increases NO production (17).
Furthermore, NO has also been implicated in the development
of cholangiocarcinoma (18) and hepatocellular carcinoma (26)
in experimental studies. Moreover, several lines of investigation
have suggested that arginine-derived NO could influence the

initiation, progression, apoptosis, angiogenesis, and metastasis
of numerous neoplasms (27–29).

Many cancer cells show deficiencies in arginine metabolic
pathways and thus rely on the uptake of arginine for rapid
metabolism and proliferation. The auxotrophy of cancer cells to
arginine renders these cancer cells vulnerable to the deprivation
of this specific amino acid. Thus, arginine deprivation has
become an accessible choice for cancer treatment. Arginine
deprivation drugs are necessary since dietary restriction only
reduces circulating arginine by 30% (30). Thus far, two types of
protein drugs, arginine deiminase (ADI) and human arginase
(hArg), have been developed to deplete arginine for cancer
treatment (31, 32).

It is evident that arginine, and its availability, affect
lymphocyte performance. Infiltrating macrophages (TIM)
possess high arginase levels, which may modulate arginine
availability in the tumor’s microenvironment. This inhibiting
effect of arginine supplementation on immunogenic tumors
may be due to its beneficial effects on the immune system,
particularly macrophages, natural killer cells, and T cell
cytotoxicity (33). Early studies have found that arginine
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supplementation increases T-cell proliferation and reverses
post-traumatic T-cell suppression (34, 35). Arginine is also
shown to enhance T-cell responses in nude mice (36), although
those effects have not been observed in other immune-activated
states (37). A nested, case-control study within the European
Prospective Investigation into Cancer cohort (EPIC) including
1,124 breast cancer cases and 1,124 matched controls, found that
concentrations of arginine were inversely associated with breast
cancer risk (OR [per SD] = 0.79, 95% CI = 0.70–0.90) (38).

Recently, other amino acids rather than arginine are
demonstrated to be closely associated with cancer development.
First, asparagine (Asn) suppresses apoptosis by negatively
modulating endoplasmic reticulum stress and translation-
dependent apoptosis (39). Cancer cells that express a low level
or are deficient in Asn synthetase (ASNS) may be induced
by Asn starvation (40). Second, a high level of glutamine
(Gln) is essential for maintaining TCA cycle anaplerosis
and supporting the survival of cancer cells (41). Third,
cancer cells exhibit elevated levels of ROS intracellularly
due to alterations in the microenvironment and metabolism
(42). As a counterbalance to excessive ROS levels, tumor
cells maintain reduced forms of glutathione (GSH) in part
to produce more reducing equivalents (43). As cysteine
(Cys) is one of the building blocks of GSH, elevated
production of Cys may exhaust endogenous sources of the
substance (44).

The main strength of the current study is its novelty, for it
uncovers the association of serum arginine levels with the risk
of incident cancer among a hypertensive Chinese population.
Furthermore, it has the advantage of being a nested, case-
control study that was derived from a large, prospective cohort
study, thus avoiding recall bias. The serum arginine levels
of participants were determined before any cancer diagnosis,
eliminating the possibility of a causal association.

Several limitations should also be noted in the current
study. First, serum arginine levels were only measured at
baseline, regular measurements would have provided a better
understanding of the dynamic relationship between cancer
risk and changes in arginine levels. Second, the small number
of cancer cases and the short follow-up period prevented
further analysis on subtypes of cancer, a larger population
is needed to validate the findings. Third, this case-control
study was nested within CHHRS, which was designed to
assess the prevalence, treatment, and prognosis of H-type
hypertension in China. Therefore, the population in this
study was hypertensive adults. It is unclear if the findings
can be generalized to non-hypertensive populations. However,
blood pressure was also adjusted for in the multivariate
analysis, which minimized the impact of blood pressure in
the current study. Fourth, although we found a positive
association between arginine and cancer risk, whether the
higher levels of blood arginine are the possible cause or
as the major precursor for synthesis of cancer-associated

compounds such as NO, and NO synthetase need to be
better elucidated in the future studies. Last, our results were
based on a nested, case-control study; further explorations of
this association in large-scale cohort studies and randomized
trials are needed.

Conclusion

In this nested, case-control study among a hypertensive
adult population, we found an independent effect of serum
arginine concentrations on the risk of incident cancer. In light
of the heavy burden and the fatality of cancer in China and
throughout the world, our study’s findings could provide a safe
and straightforward mechanism for cancer prevention.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by the CHHRS and the present study were
approved by the Ethics Committee of the Institute of
Biomedicine, Anhui Medical University, Hefei, China. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

TL: methodology, software, and writing—original
draft preparation. XW: writing—reviewing and editing. PJ:
methodology and software. CL: visualization. YW, LL, and BW:
supervision and validation. YS: investigation. SL: supervision.
HS: conceptualization, funding acquisition, resources, and
supervision. All authors contributed to the article and approved
the submitted version.

Funding

This study was HS reports financial support by
grants from the National Key Research and Development
Program (2022YFC2009600) and the Beijing Municipal
Science and Technology Commission (SCW2018-06). BW

Frontiers in Nutrition 08 frontiersin.org

https://doi.org/10.3389/fnut.2022.1069113
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1069113 November 12, 2022 Time: 15:15 # 9

Liu et al. 10.3389/fnut.2022.1069113

reports funding from the Science, Technology, and Innovation
Committee of Shenzhen (JSGG20180703155802047).

Acknowledgments

We thank all the staff and participants of the HHPCP for
their important contributions.

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/
fnut.2022.1069113/full#supplementary-material

References

1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin. (2016) 66:115–32.

2. GBD 2017 Risk Factor Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of Disease Study 2017. Lancet. (2018)
392:1923–94.

3. Liu T, Song C, Zhang Y, Siyin ST, Zhang Q, Somg M, et al. Hepatitis B virus
infection and the risk of gastrointestinal cancers among Chinese population: a
prospective cohort study. Int J Cancer. (2022) 150:1018–28.

4. Pflaum T, Hausler T, Baumung C, Ackermann S, Kuballa T, Rehm J, et al.
Carcinogenic compounds in alcoholic beverages: an update. Arch Toxicol. (2016)
90:2349–67.

5. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K, et al.
Body fatness and cancer–viewpoint of the IARC working group. N Engl J Med.
(2016) 375:794–8. doi: 10.1056/NEJMsr1606602

6. Wild CP. Complementing the genome with an "exposome": the outstanding
challenge of environmental exposure measurement in molecular epidemiology.
Cancer Epidemiol Biomarkers Prev. (2005) 14:1847–50. doi: 10.1158/1055-9965.
EPI-05-0456

7. Eliassen AH, Liao X, Rosner B, Tamimi RM, Tworoger SS, Hankinson SE.
Plasma carotenoids and risk of breast cancer over 20 y of follow-up. Am J Clin
Nutr. (2015) 101:1197–205. doi: 10.3945/ajcn.114.105080

8. Wang JB, Jiang Y, Liang H, Li P, Xiao HJ, Ji J, et al. Attributable causes of cancer
in China. Ann Oncol. (2012) 23:2983–9.

9. Mangoni AA, Rodionov RN, McEvoy M, Zinellu A, Carru C, Sotgia S. New
horizons in arginine metabolism, ageing and chronic disease states. Age Ageing.
(2019) 48:776–82. doi: 10.1093/ageing/afz083

10. Gokce N. L-arginine and hypertension. J Nutr. (2004) 134(10 Suppl):2807S–
11S.

11. McKnight JR, Satterfield MC, Jobgen WS, Smith SB, Spencer TE, Meininger
CJ, et al. Beneficial effects of L-arginine on reducing obesity: potential mechanisms
and important implications for human health. Amino Acids. (2010) 39:349–57.
doi: 10.1007/s00726-010-0598-z

12. Ball RO, Urschel KL, Pencharz PB. Nutritional consequences of interspecies
differences in arginine and lysine metabolism. J Nutr. (2007) 137(6 Suppl 2):1626s–
41s. doi: 10.1093/jn/137.6.1626S

13. Morris SM Jr. Arginine metabolism: boundaries of our knowledge. J Nutr.
(2007) 137(6 Suppl 2):1602s–9s. doi: 10.1093/jn/137.6.1602S

14. McNeal CJ, Meininger CJ, Reddy D, Wilborn CD, Wu G. Safety and
effectiveness of arginine in adults. J Nutr. (2016) 146:2587s–93s.

15. Geiger R, Rieckmann JC, Wolf T, Basso C, Feng Y, Fuhrer T, et al. L-arginine
modulates T cell metabolism and enhances survival and anti-tumor activity. Cell.
(2016) 167:829–42.e13. doi: 10.1016/j.cell.2016.09.031

16. Lind DS. Arginine and cancer. J Nutr. (2004) 134(10 Suppl):2837S–41S.

17. Lagares-Garcia JA, Moore RA, Collier B, Heggere M, Diaz F, Qian F. Nitric
oxide synthase as a marker in colorectal carcinoma. Am Surg. (2001) 67:709–13.

18. Jaiswal M, LaRusso NF, Shapiro RA, Billiar TR, Gores GJ. Nitric oxide-
mediated inhibition of DNA repair potentiates oxidative DNA damage in
cholangiocytes. Gastroenterology. (2001) 120:190–9. doi: 10.1053/gast.2001.20875

19. Morbidelli L, Donnini S, Ziche M. Role of nitric oxide in tumor angiogenesis.
Cancer Treat Res. (2004) 117:155–67.

20. Zhang Y, Chung SF, Tam SY, Leung YC, Guan X. Arginine deprivation as
a strategy for cancer therapy: an insight into drug design and drug combination.
Cancer Lett. (2021) 502:58–70. doi: 10.1016/j.canlet.2020.12.041

21. Zell JA, Ignatenko NA, Yerushalmi HF, Ziogas A, Besselsen DG, Gerner EW,
et al. Risk and risk reduction involving arginine intake and meat consumption
in colorectal tumorigenesis and survival. Int J Cancer. (2007) 120:459–68. doi:
10.1002/ijc.22311

22. Yerushalmi HF, Besselsen DG, Ignatenko NA, Blohm-Mangone KA, Padilla-
Torres JL, Stringer DE, et al. The role of NO synthases in arginine-dependent
small intestinal and colonic carcinogenesis. Mol Carcinog. (2006) 45:93–105. doi:
10.1002/mc.20168

23. Vissers YL, Dejong CH, Luiking YC, Fearon KC, von Meyenfeldt MF, Deutz
NE. Plasma arginine concentrations are reduced in cancer patients: evidence for
arginine deficiency? Am J Clin Nutr. (2005) 81:1142–6. doi: 10.1093/ajcn/81.5.1142

24. Bi X, Henry CJ. Plasma-free amino acid profiles are predictors of cancer
and diabetes development. Nutr Diabetes. (2017) 7:e249. doi: 10.1038/nutd.
2016.55

25. Fukutake N, Ueno M, Hiraoka N, Shimada K, Shiraishi K, Saruki N, et al.
A novel multivariate index for pancreatic cancer detection based on the plasma
free amino acid profile. PLoS One. (2015) 10:e0132223. doi: 10.1371/journal.pone.
0132223

26. Majano PL, Garcia-Monzon C. Does nitric oxide play a pathogenic role in
hepatitis C virus infection? Cell Death Differ. (2003) 10(Suppl 1):S13–5.

27. Roy B, Guittet O, Beuneu C, Lemaire G, Lepoivre M. Depletion of
deoxyribonucleoside triphosphate pools in tumor cells by nitric oxide. Free Radic
Biol Med. (2004) 36:507–16. doi: 10.1016/j.freeradbiomed.2003.11.028

28. Reveneau S, Arnould L, Jolimoy G, Hilpert S, Lejeune P, Saint-Giorgio V,
et al. Nitric oxide synthase in human breast cancer is associated with tumor grade,
proliferation rate, and expression of progesterone receptors. Lab Invest. (1999)
79:1215–25.

Frontiers in Nutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2022.1069113
https://www.frontiersin.org/articles/10.3389/fnut.2022.1069113/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.1069113/full#supplementary-material
https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1158/1055-9965.EPI-05-0456
https://doi.org/10.1158/1055-9965.EPI-05-0456
https://doi.org/10.3945/ajcn.114.105080
https://doi.org/10.1093/ageing/afz083
https://doi.org/10.1007/s00726-010-0598-z
https://doi.org/10.1093/jn/137.6.1626S
https://doi.org/10.1093/jn/137.6.1602S
https://doi.org/10.1016/j.cell.2016.09.031
https://doi.org/10.1053/gast.2001.20875
https://doi.org/10.1016/j.canlet.2020.12.041
https://doi.org/10.1002/ijc.22311
https://doi.org/10.1002/ijc.22311
https://doi.org/10.1002/mc.20168
https://doi.org/10.1002/mc.20168
https://doi.org/10.1093/ajcn/81.5.1142
https://doi.org/10.1038/nutd.2016.55
https://doi.org/10.1038/nutd.2016.55
https://doi.org/10.1371/journal.pone.0132223
https://doi.org/10.1371/journal.pone.0132223
https://doi.org/10.1016/j.freeradbiomed.2003.11.028
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1069113 November 12, 2022 Time: 15:15 # 10

Liu et al. 10.3389/fnut.2022.1069113

29. Xie K, Huang S. Contribution of nitric oxide-mediated apoptosis to cancer
metastasis inefficiency. Free Radic Biol Med. (2003) 34:969–86. doi: 10.1016/s0891-
5849(02)01364-3

30. Dillon BJ, Holtsberg FW, Ensor CM, Bomalaski JS, Clark MA. Biochemical
characterization of the arginine degrading enzymes arginase and arginine
deiminase and their effect on nitric oxide production. Med Sci Monit. (2002)
8:Br248–53.

31. Tomlinson BK, Thomson JA, Bomalaski JS, Diaz M, Akande T, Mahaffey
N, et al. Phase I trial of arginine deprivation therapy with ADI-PEG 20 plus
docetaxel in patients with advanced malignant solid tumors. Clin Cancer Res.
(2015) 21:2480–6. doi: 10.1158/1078-0432.CCR-14-2610

32. Patil MD, Bhaumik J, Babykutty S, Banerjee UC, Fukumura D. Arginine
dependence of tumor cells: targeting a chink in cancer’s armor. Oncogene. (2016)
35:4957–72. doi: 10.1038/onc.2016.37

33. Thomsen LL, Miles DW. Role of nitric oxide in tumour progression: lessons
from human tumours. Cancer Metastasis Rev. (1998) 17:107–18.

34. Daly JM, Reynolds J, Thom A, Kinsley L, Dietrick-Gallagher M, Shou J, et al.
Immune and metabolic effects of arginine in the surgical patient. Ann Surg. (1988)
208:512–23.

35. Albaugh VL, Pinzon-Guzman C, Barbul A. Arginine-Dual roles as an
onconutrient and immunonutrient. J Surg Oncol. (2017) 115:273–80. doi: 10.1002/
jso.24490

36. Kirk SJ, Regan MC, Wasserkrug HL, Sodeyama M, Barbul A. Arginine
enhances T-cell responses in athymic nude mice. JPEN J Parenter Enteral Nutr.
(1992) 16:429–32. doi: 10.1177/0148607192016005429

37. Torre PM, Ronnenberg AG, Hartman WJ, Prior RL. Oral arginine
supplementation does not affect lymphocyte proliferation during endotoxin-
induced inflammation in rats. J Nutr. (1993) 123:481–8.

38. His M, Viallon V, Dossus L, Gicquiau A, Achaintre D, Scalbert A, et al.
Prospective analysis of circulating metabolites and breast cancer in EPIC. BMC
Med. (2019) 17:178. doi: 10.1186/s12916-019-1408-4

39. Zhang J, Fan J, Venneti S, Cross JR, Takagi T, Bhinder B, et al. Asparagine
plays a critical role in regulating cellular adaptation to glutamine depletion. Mol
Cell. (2014) 56:205–18. doi: 10.1016/j.molcel.2014.08.018

40. Story MD, Voehringer DW, Stephens LC, Meyn RE. L-asparaginase kills
lymphoma cells by apoptosis. Cancer Chemother Pharmacol. (1993) 32:129–33.

41. DeBerardinis RJ, Mancuso A, Daikhin E, Nissim I, Yudkoff M, Wehrli S, et al.
Beyond aerobic glycolysis: transformed cells can engage in glutamine metabolism
that exceeds the requirement for protein and nucleotide synthesis. Proc Natl Acad
Sci USA. (2007) 104:19345–50. doi: 10.1073/pnas.0709747104

42. Trachootham D, Alexandre J, Huang P. Targeting cancer cells by ROS-
mediated mechanisms: a radical therapeutic approach? Nat Rev Drug Discov. (2009)
8:579–91. doi: 10.1038/nrd2803

43. Harris IS, Treloar AE, Inoue S, Sasaki M, Gorrini C, Lee KC, et al. Glutathione
and thioredoxin antioxidant pathways synergize to drive cancer initiation and
progression. Cancer Cell. (2015) 27:211–22. doi: 10.1016/j.ccell.2014.11.019

44. Zhang W, Trachootham D, Liu J, Chen G, Pelicano H, Garcia-Prieto C,
et al. Stromal control of cystine metabolism promotes cancer cell survival in
chronic lymphocytic leukaemia. Nat Cell Biol. (2012) 14:276–86. doi: 10.1038/ncb
2432

Frontiers in Nutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2022.1069113
https://doi.org/10.1016/s0891-5849(02)01364-3
https://doi.org/10.1016/s0891-5849(02)01364-3
https://doi.org/10.1158/1078-0432.CCR-14-2610
https://doi.org/10.1038/onc.2016.37
https://doi.org/10.1002/jso.24490
https://doi.org/10.1002/jso.24490
https://doi.org/10.1177/0148607192016005429
https://doi.org/10.1186/s12916-019-1408-4
https://doi.org/10.1016/j.molcel.2014.08.018
https://doi.org/10.1073/pnas.0709747104
https://doi.org/10.1038/nrd2803
https://doi.org/10.1016/j.ccell.2014.11.019
https://doi.org/10.1038/ncb2432
https://doi.org/10.1038/ncb2432
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Association between serum arginine levels and cancer risk: A community-based nested case-control study
	Introduction
	Materials and methods
	Study population
	Outcome assessment
	Nested case-control study
	Exposure and covariates
	Statistical analysis

	Results
	Baseline characteristics of the participants
	Association of arginine with the risk of cancer
	Subgroup analyses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


