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Abstract

β-cryptoxanthin is a provitamin A xanthophyll carotenoid that is abundant in human circulation, despite being derived from a relatively
limited range of dietary sources, primarily citrus fruits, which contain approximately 0.5–10.0 mg per 100 g fresh weight. Owing to
the polarity and the frequent occurrence associated with β-cryptoxanthin as esterified forms in foods, β-cryptoxanthin exhibits relatively
high bioaccessibility and bioavailability. This review aims to provide a comprehensive overview of the current evidence regarding the
biochemical characteristics, dietary sources, determinants of absorption, and potential health effects of β-cryptoxanthin, with particular
emphasis on bone health and several cancer outcomes. Among the health outcomes examined, the evidence is most consistent for a
beneficial role in skeletal health. In contrast, associations with cancer are heterogeneous and appear to depend on cancer type and
population characteristics; inverse associations have been reported primarily for cancers of the upper aerodigestive tract, whereas most
studies show no association with overall cancer incidence or mortality. Nonetheless, further research is required to investigate whether
β-cryptoxanthin can be incorporated into evidence-based precision nutrition approaches that account for interindividual variability in
metabolism, lifestyle, and disease risk.
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1. Introduction
β-Cryptoxanthin, a xanthophyll carotenoid, is one of

the most prevalent carotenoids found in human serum and
tissues. It is commonly found in a variety of fruits and veg-
etables, particularly citrus fruits such as tangerines and or-
anges, and some tropical fruits such as mango and papaya.
The average daily intake of β-cryptoxanthin is estimated
to be approximately 0.3 mg [1]. Structurally, it is char-
acterized by a hydroxyl group at the C3 position of the β-
carotene ring, which distinguishes it from other carotenoids.
While β-cryptoxanthin is a minor component in many di-
etary sources compared to other carotenoids, its bioavail-
ability is relatively high. Hence, it is the fourth most abun-
dant carotenoid in human serum, especially in populations
with high citrus fruit consumption, such as Japan, Spain and
the United States [2,3,4,5,6].

β-Cryptoxanthin is a major dietary pro-vitamin A
carotenoid and several studies suggest that its conversion to
retinol can be comparable to that of β-carotene [7,8]. As a
precursor to vitamin A, which is essential for immune func-
tion, vision, and cell growth, β-cryptoxanthin contributes to
combating vitamin A deficiency, a condition that remains a
significant public health issue worldwide. In addition to its
role in vitamin A synthesis, β-cryptoxanthin has garnered
increasing attention due to its antioxidant properties and po-

tential therapeutic effects in preventing various chronic dis-
eases [9,10,11]. It plays a crucial role in protecting cells and
tissues from oxidative damage, and its antioxidant proper-
ties have been linked to the prevention of several chronic
diseases, including diabetes, obesity, metabolic syndromes
and non-alcoholic fatty liver disease. Besides, epidemio-
logical evidence suggests an inverse relationship between
β-cryptoxanthin consumption and the risk of osteoporosis
and several cancers [12,13,14,15].

β-Cryptoxanthin has garnered increasing attention due
to its potential health-promoting and therapeutic effects. Its
biological efficacy is largely determined by its bioaccessi-
bility and bioavailability, which appear to be superior to
those of many other carotenoids [16]. However, the deter-
minants of its absorption and metabolic fate including host
genetic polymorphisms, dietary matrix, and interactions
with other nutrients remain insufficiently reviewed. More-
over, while observational or randomized controlled trials
suggest protective effects against osteoporosis and multi-
ple cancers [12,17,18], the molecular mechanisms under-
lying these associations are not fully elucidated, and find-
ings across populations are sometimes inconsistent. Impor-
tantly, despite its promising bioavailability and health ben-
efits, β-cryptoxanthin has received comparatively less re-
search attention than other carotenoids such as β-carotene,
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lutein, and lycopene. In recent years, precision nutrition has
emerged as a promising approach to address interindivid-
ual variability in dietary responses by integrating genetic,
metabolic, and lifestyle factors. β-Cryptoxanthin is a partic-
ularly relevant candidate in this context because its absorp-
tion, metabolism, and tissue distribution vary substantially
among individuals. Understanding how β-cryptoxanthin
interacts with host-specific factors, such as genetic poly-
morphisms, and with population characteristics, including
sex and disease status, may help explain its heterogeneous
health effects and support its use in personalized dietary
strategies. Therefore, this present review aims to pro-
vide a comprehensive overview of current knowledge on
β-cryptoxanthin, covering its biochemical properties, di-
etary sources, absorption and potential health benefits, with
particular emphasis on evidence from epidemiological and
interventional studies evaluating its roles in bone health
and cancers. By synthesizing the recent advances, this re-
view underscores the diverse physiological functions of β-
cryptoxanthin and highlights the directions for future re-
search into its health-promoting potential.

2. Biochemistry and Dietary Source of
β-Cryptoxanthin

β-Cryptoxanthin is a naturally occurring xantho-
phyll carotenoid that appears widely in human blood and
tissues despite being present in relatively few dietary
sources. Biochemically, it belongs to a class of oxygenated
carotenoids and contains a single hydroxyl group. Like
other carotenoids, β-cryptoxanthin possesses an extended
chain of conjugated double bonds that allows it to effec-
tively quench reactive oxygen species. It also contains a β-
ionone ring, enabling its conversion to vitamin A through
enzymatic cleavage. β-Cryptoxanthin predominantly oc-
curs as the all-trans form in foods and human circulation.
Isolated β-cryptoxanthin is chemically unstable, readily un-
dergoing oxidative degradation or geometric isomerization
from the all-trans to cis forms (e.g., 9-cis-, 13-cis-, and 15-
cis-β-cryptoxanthin) when exposed to light, heat, or oxy-
gen [16]. In plant tissues, however, it is commonly present
in esterified forms typically linked to palmitic, myristic,
stearic, oleic and linoleic acids, which enhances its stability
[19]. In mature citrus fruit, β-cryptoxanthin is found pri-
marily as ester forms, with only a minor portion (approx-
imately 5% to 20%) present in its free forms [20]. The
chemical structures of β-cryptoxanthin isomers and esters
are present in Fig. 1. The esterified species undergo hy-
drolysis during digestion, allowing the free carotenoid to
be incorporated into mixed micelles and absorbed in the
small intestine. Evidence suggests that β-cryptoxanthin is
absorbed and retains with relatively high efficiency com-
pared with many other carotenoids [9]. After absorption,
it is transported in circulating lipoproteins and distributed
to various tissues, including the liver, adipose tissues, and
skin.

Citrus fruits and juices are the primary sources of
this carotenoid, with sweet oranges, mandarins, and tan-
gerines being especially abundant [21]. It was found that
several mandarin cultivars contain substantial levels of β-
cryptoxanthin, ranging from 0.5 to 10 mg per 100 g of
fresh weight [22]. Other foods with moderate to high β-
cryptoxanthin levels include papaya, persimmon, mango,
pumpkin, red pepper, and certain varieties of sweet corn.
The concentration of β-cryptoxanthin in plant foods varies
depending on cultivar, environmental conditions, degree of
ripeness, and post-harvest handling [23,24]. Seasonal vari-
ation is also evident, especially in citrus fruits, where β-
cryptoxanthin levels tend to peak during their ripening pe-
riod in autumn and winter [25,26]. Although food process-
ing can reduce the amount of β-cryptoxanthin and the extent
of loss depends on temperature, oxygen exposure, and the
duration of processing. In some cases, it may also increase
the bioaccessibility of β-cryptoxanthin by disrupting cellu-
lar structures. Quantitative data on β-cryptoxanthin intake
at the population level are limited as few large-scale surveys
have focused specifically on β-cryptoxanthin. Neverthe-
less, available dietary studies indicate marked geographical
variation. Countries with high citrus consumption typically
exhibit higher β-cryptoxanthin intake and correspondingly
elevated plasma concentrations, whereas intake tends to be
considerably lower in low-income regions where access to
carotenoid-rich fruits is limited [2,3].

3. Absorption and Metabolism of
β-Cryptoxanthin

The absorption andmetabolism of β-cryptoxanthin de-
pend on specific physiological processes. Before intesti-
nal absorption, β-cryptoxanthin is liberated from the food
matrix during digestion. In the presence of dietary triacyl-
glycerols, phospholipids, and bile acids, β-cryptoxanthin
is then incorporated into mixed micelles in the intesti-
nal lumen. Micellization enables β-cryptoxanthin to dis-
perse in an aqueous medium and promotes efficient in-
teraction with the apical membrane of intestinal epithelial
cells. Subsequently, these micelles are taken up by the
enterocytes through active transport or passive diffusion
[27,28,29,30]. For carrier-dependent absorption, the up-
take of β-cryptoxanthin is mediated by the specific epithe-
lial transporters [27,29], such as scavenger receptor class
B type I (SR-BI), cluster determinant 36 (CD36) and in-
testinal transcription factor (ISX) [16,31,]. However, at
high pharmacological doses, the uptake of β-cryptoxanthin
occurs via passive diffusion [3,3,9,16,]. Within entero-
cytes, a fraction of the absorbed β-cryptoxanthin is con-
verted to vitamin A (retinol) [16,]. This process is medi-
ated by two dioxygenases: a central cleavage enzyme (β-
carotene 15,15′-oxygenase 1, BCO1) and an asymmetric
cleavage enzyme (β carotene-9′,10′-oxygenase 2, BCO2)
[32]. BCO1 cleaves β-cryptoxanthin centrally into reti-
nal, whereas BCO2 cleaves β-cryptoxanthin asymmetri-
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Fig. 1. Chemical structures of β-cryptoxanthin isomers and esters.

cally into apocarotenal, which is then cleaved into retinal
and further hydrolyzed into retinol. The retinol is then con-
verted into retinyl ester and assembled into chylomicrons,
which are secreted into the lymphatic circulation [10]. Af-
ter entering the bloodstream, β-cryptoxanthin is transported
with lipoproteins to the liver for storage and metabolism or
distributed to other tissues and organs (Fig. 2) [3,9,16,32].
One of the redistributed tissues is adipose tissue. Circu-
lating carotenoids, carried by plasma lipoproteins, can be
taken up by adipose tissue via receptors such as SR-BI
and the low-density lipoprotein receptor. Afterwards, the
carotenoids remain in adipocytes bound to the triglycerides
in lipid droplets [33,34]. β-Cryptoxanthin is also found
in the kidneys. In addition to lipoprotein-mediated up-
take, megalin and cubilin are highly expressed in proxi-
mal tubule cells of the kidneys, where they play a role in
the reabsorption of proteins and protein-bound molecules
from the glomerular filtrate [35]. It is speculated that β-
cryptoxanthin is redistributed to the kidneys via this path-
way. Moreover, in a mouse model, following eight weeks
of Satsuma mandarin extract consumption, detectable con-
centrations of β-cryptoxanthin were observed in the spleen
and brain, with the highest levels in the liver, followed by
the spleen, kidney, lung, heart, brain, and testis [36].

Although β-cryptoxanthin shares similar absorption
and metabolism processes with other carotenoids (such
as α-carotene, β-carotene, and lycopene), it has relatively
higher bioavailability and bioaccessibility [16,37,38].
There are several reasons: (1) SR-BI preferentially pro-
motes the absorption of β-cryptoxanthin [3,]; (2) β-

Cryptoxanthin has higher polarity and can be more effec-
tively dissolved in the lipid droplet [9]; (3) β-Cryptoxanthin
exists on the outer surface of the micelles with higher hy-
drophilicity and solubility in the intestinal aqueous environ-
ment [9]. In addition, a study compared carotenoid plasma
levels between the subjects with chronic cholestasis and the
subjects who are generally healthy. The results showed
that only the plasma level of β-cryptoxanthin was not lower
than that of the control group [39], which may suggest that
β-cryptoxanthin is less affected by specific diseases such
as liver dysfunction and is more effectively absorbed and
transported in comparison with other carotenoids.

There are several external and internal factors that in-
fluence the absorption and metabolism of β-cryptoxanthin.
The first is food processing [3,]. Generally, mild and short-
term cooking methods can improve its bioaccessibility by
softening and breaking down cell walls, denaturing the
proteins that are bound to the carotenoids, whereas harsh
and long-term processing tends to isomerize and destroy
carotenoids. An in vitro study investigating the bioaccessi-
bility of carotenoids in raw, frozen and boiled red chili pep-
pers revealed that the bioaccessibility of β-cryptoxanthin
increased even after freezing or boiling [40]. Addition-
ally, a study examined the effects of both high-pressure
processing (HPP) and refrigerated storage on fruit smooth-
ies [41]. They found the content of β-cryptoxanthin in-
creased obviously at the beginning and then continue to
decline. The rise in β-cryptoxanthin content likely stems
from HPP’s destruction of plant cell structures and disso-
ciation of β-cryptoxanthin-protein complexes [42,43,44].
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Fig. 2. Absorption and metabolism pathway of β-cryptoxanthin. Abbreviations: SR-BI, scavenger receptor class B type I; CD36,
cluster determinant 36; BCO1, β-carotene 15,15′-oxygenase 1; BCO2, β carotene-9′,10′-oxygenase 2.

The decrease in content is mainly attributed to oxidation
and isomerization during refrigerated storage [45,46]. Con-
versely, HPP alters the structure of the smoothie matrix,
hindering the release of β-cryptoxanthin from the matrix
and its micellization. The degradation of the smoothies ma-
trix during storage enhances the release and micellization
[43]. This explains why the bioaccessibility decreased first
but gradually improved thereafter. In addition to process-
ing, there are also other factors that affect the absorption
and metabolism of β-cryptoxanthin. Iwata et al. [47] con-
ducted an in vivo kinetic study of β-cryptoxanthin. When
subjects co-consumed β-cryptoxanthin with fat-containing

food, the absorption of β-cryptoxanthin was enhanced by
1.8 times, indicating that dietary fat can promote the absorp-
tion of β-cryptoxanthin. Dietary fiber may be another food
component that affects the absorption of β-cryptoxanthin.
Dietary fiber is capable of increasing the viscosity of in-
testinal contents, trapping bioactive components and in-
hibiting the activity of digestive enzymes. The release of
β-cryptoxanthin from the food matrix becomes more diffi-
cult, accompanied by the decline of its micellization and
bioaccessibility [41,48]. For internal factors, several as-
pects may be involved. As previously discussed, SR-BI
enhances the uptake of β-cryptoxanthin by intestinal epithe-
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lial cells [31], which means that variations in the gene en-
coding this protein can affect the levels of β-cryptoxanthin
[49]. SCARB1 is the gene that encodes SR-BI and sin-
gle nucleotide polymorphism in this gene correlate signif-
icantly with the concentration of β-cryptoxanthin in hu-
man plasma [49,50]. It was observed that the plasma con-
centrations of β-cryptoxanthin were distinct among indi-
viduals with different alleles of SR-BI [50]. Some stud-
ies have shown potential interactions between carotenoids
and intestinal microbiota even though we know little about
this currently [51,52]. A study by Valdes et al. [53]
demonstrated a significantly positive correlation between
carotenoids and intestinal microbiota α-diversity (reflecting
within-individual richness and evenness) and β-diversity
(describing differences in microbial communities across in-
dividuals). Also, intestinal microbiota composition was
reported to predict the circulating levels of carotenoids
[53]. Since β-cryptoxanthin was included in this study’s
carotenoid analysis, the findings are applicable to the in-
teraction between β-cryptoxanthin and the intestinal mi-
crobiota. These findings collectively highlight substantial
interindividual variability in the absorption, metabolism,
and tissue distribution of β-cryptoxanthin. Such variability,
driven by genetic factors (e.g., SCARB1 polymorphisms),
dietary composition, and gut microbiota, highlights the im-
portance of β-cryptoxanthin in precision nutrition. Under-
standing these factors may help identify individuals who are
more likely to benefit from β-cryptoxanthin-rich diets.

4. Potential Health Benefits of
β-Cryptoxanthin
4.1 Improving the Bone Health

Age-related bone loss can lead to osteoporosis, which
represents a major cause of morbidity and mortality in
the elderly population, impairing both quality of life and
life expectancy. Bone homeostasis is maintained by
the balance between osteoblast-mediated bone formation
and osteoclast-mediated bone resorption. Numerous stud-
ies suggest that β-cryptoxanthin can promote osteoblastic
bone formation and inhibit bone resorption by osteoclasts.
Hence, β-cryptoxanthin may prevent bone loss and has a
unique effect on bone health [3,54,55,56].

4.1.1 Cellular Mechanisms
Existing studies have shown that β-cryptoxanthin can

regulate the proliferation and differentiation of osteoblasts
and osteoclasts at the cellular level. For osteoblasts, β-
cryptoxanthin enhances transcriptional activity through sig-
naling pathways such as protein kinase C or mitogen-
activated protein kinase (MAPK). β-Cryptoxanthin also
activates nuclear receptor pathways via retinoid X and
retinoic acid receptors and upregulates transforming growth
factor-β1 (TGF-β1) and insulin-like growth factor 1 (IGF-
1) mRNA expression, thereby enhancing osteoblast and
osteoprogenitor cell proliferation and differentiation and

ultimately promoting bone formation [57]. In addition,
emerging evidence suggests that β-cryptoxanthin may ex-
ert antioxidant effects through activation of the Keap1–
Nrf2 signaling pathway, which enhances cellular antioxi-
dant defenses and protects osteoblast function under oxida-
tive stress conditions. For osteoclasts, β-cryptoxanthin in-
hibits the formation of inhibitor of nuclear factor kappa-B
kinase (IKK) complexes, which prevents nuclear translo-
cation. It also hinders receptor activator of nuclear factor-
κB ligand (RANKL)–receptor activator of nuclear factor-
κB (RANK) binding and downregulates the mRNA ex-
pression of cyclooxygenase-2 (COX-2) and microsomal
prostaglandin E synthase-1 (mPGES-1). These actions
reduce osteoclast formation, inhibit the differentiation of
osteoclast precursors, and lower the number of mature
osteoclasts. Notably, Nrf2 activation has also been re-
ported to suppress osteoclastogenesis by attenuating oxida-
tive stress and inhibiting RANKL-induced signaling path-
ways, suggesting an additional mechanism by which β-
cryptoxanthin may inhibit bone resorption. In addition, in
human periodontal ligament cells, β-cryptoxanthin can also
reduce Interleukin-6 (IL-6) and Interleukin-8 (IL-8), and in-
crease osteogenic growth peptide, further inhibiting exces-
sive bone resorption [55]. In summary, these effects jointly
improve bone health by promoting bone formation and in-
hibiting bone resorption. These proposed cellular mech-
anisms of β-cryptoxanthin in bone homeostasis are illus-
trated in Fig. 3.

4.1.2 Evidence From Preclinical Studies

In an in vitro experiment using rat femoral tissues, β-
cryptoxanthin was found at 10−6 or 10−5 M range to sup-
press the bone resorption by increasing calcium content, al-
kaline phosphatase activity and deoxyribonucleic acid con-
tent. For instance, in the culture medium with a con-
centration of 10−6 M of β-cryptoxanthin added, the cal-
cium content of the control group was 226.5 ± 5.3 mg/g
dry bone, and the calcium content of the femoral dia-
physis tissue was 272.2 ± 3.2 mg/g dry bone, p < 0.01
[58]. Another animal study showed that feeding rats β-
cryptoxanthin at doses of 10, 25 or 50 μg per 100 grams of
body weight could significantly increase the calcium con-
tent and alkaline phosphatase activity in the femoral dia-
physis and epiphyseal tissues [59]. Researchers also ob-
served similar effects of β-cryptoxanthin in other cell types.
For instance, β-cryptoxanthin suppressed lipopolysaccha-
ride (LPS)-induced osteoclast formation in bone marrow
cell-osteoblast co-cultures [56]. In human periodontal liga-
ment cells, β-cryptoxanthin increased the production of os-
teoprotegerin, a protein that prevents bone resorption by
suppressing osteoclast formation. It also inhibited IL-6
and IL-8 production induced by mechanical stress and pe-
riodontopathogenic bacteria [60]. In a mouse periodontitis
model, it inhibited mandibular alveolar bone resorption in
vitro and reversed LPS-induced alveolar bone loss in vivo,
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Fig. 3. The proposed roles of BCX in bone homeostasis. Abbreviations: BCX, β-cryptoxanthin; TGF-βs, transforming growth factor-
βs; Smads, Smad proteins; IGF-1, insulin-like growth factor 1; TGF-β1, transforming growth factor-β1; MAPK, mitogen-activated
protein kinase; RAR, retinoic acid receptor; RXR, retinoid X receptor; Runx2, Runt-related transcription factor 2; RANKL, receptor
activator of nuclear factor-κB ligand; RANK, receptor activator of nuclear factor-κB; NF-κB, nuclear factor kappa-B; IKK, inhibitor of
nuclear factor kappa-B kinase; COX-2, cyclooxygenase-2; mPGES-1, microsomal prostaglandin E synthase-1.

suggesting that β-cryptoxanthin may help prevent bone re-
sorption in conditions like periodontitis.

4.1.3 Evidence From Human Studies

Regarding the impact of β-cryptoxanthin on bone
health, researchers have conducted a series of clinical stud-
ies, including observational epidemiological studies and
targeted intervention studies. The results of these studies
have provided important evidence for the application of β-
cryptoxanthin in supporting bone health. A previously pub-
lished meta-analysis revealed that higher β-cryptoxanthin
intake was associated with a significantly lower risk of os-
teoporosis (odds ratio [OR] = 0.79, 95% confidence interval
[CI]: 0.70–0.90, p = 0.0002), and this effect remained sta-
tistically significant regardless of gender or ethnicity (i.e.,
Western vs. Asian populations) [61]. An observational
epidemiological study, for the first time, verified a nega-
tive correlation between circulating β-cryptoxanthin levels
and fracture risk, further providing biological support for its
bone-protective effects [62]. A European population study
using multiple regression analysis showed a positive asso-
ciation between dietary β-cryptoxanthin intake and broad-
band ultrasound attenuation, an indicator of bone mineral
density (p = 0.031) [63]. From a broader population per-
spective, data from the National Health and Nutrition Ex-
amination Survey conducted from 2005 to 2018 showed
that, regardless of gender, individuals in the highest quintile
of β-cryptoxanthin intake had the lowest risk of osteoporo-
sis (OR = 0.61; 95% CI: 0.39–0.97; p = 0.037) [12].

Regarding the impact of β-cryptoxanthin on bone
health, in addition to epidemiological studies, several
population-based intervention studies have also been con-
ducted. A study involving 90 participants found that daily
consumption of fruit juice containing β-cryptoxanthin (3.0

or 6.0 mg/day) for 28 or 56 days led to a significant in-
crease in gamma-carboxylated osteocalcin concentration,
compared with the pre-intake levels and those following
placebo consumption. After 56 days of continuous con-
sumption, the bone-specific alkaline phosphatase activity
also increased significantly compared to the pre-intake lev-
els [18]. Notably, the role of β-cryptoxanthin in bone
health has also been explored in postmenopausal women.
In a study involving 38 postmenopausal women, partic-
ipants were administered 250 mL of a milk-based fruit
beverage daily. The beverage was fortified with either β-
cryptoxanthin (0.75 mg/day), phytosterols (1.5 g/day), or a
combination of the two. The results revealed that only con-
sumption of the beverage containing both β-cryptoxanthin
and phytosterols led to a significant reduction in the levels
of bone turnover markers, total cholesterol and low-density
lipoprotein cholesterol [64]. This finding not only high-
lights the role of β-cryptoxanthin inmaintaining bone health
among postmenopausal women but also reveals the poten-
tial for synergistic effects when combined with other nutri-
ents.

4.2 Prevention of Cancer

β-Cryptoxanthin has garnered considerable research
interest because of its potential role in cancer etiology.
Both its circulating levels and dietary intake have being
investigated for their possible associations with car-
cinogenesis. However, epidemiological findings on this
relationship remain inconsistent. This section summarizes
the epidemiological evidence from prospective cohort and
case-control studies examining the relationship between β-
cryptoxanthin and a wide range of cancers, including those
of the breast, gastrointestinal tract, respiratory system, gen-
itourinary system, reproductive organs, liver, and head and
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neck. The findings from human studies regarding the asso-
ciation between dietary β-cryptoxanthin intake and cancer
risk, along with findings based on the β-cryptoxanthin
levels in plasma or serum, are summarized in Table 1 (Ref.
[65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,
83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,
101,102,103,104,105,106]) and Table 2 (Ref.
[107,108,109,110,111,112,113,114,115,116,117,118,119,
120,121,122,123,124,125,126,127,128,129,130,131,132,
133,134,135,136,137,138,139,140,141]), respectively.

4.2.1 Association Between Dietary β-Cryptoxanthin
Intake and Cancer Risk

Studies investigating the association between dietary
β-cryptoxanthin intake and cancer risk have primarily fo-
cused on bladder and gastric cancers, with additional re-
search examining other malignancies, including colorec-
tal cancer, breast cancer, reproductive system–related can-
cers, and cancers of the oral cavity and throat. With
respect to bladder cancer, most epidemiological studies
consistently indicated that dietary β-cryptoxanthin intake
was not significantly associated with bladder cancer risk
[65,66,67,68,69]. However, a large prospective cohort
study of 185,885 middle-aged and older adults (45–75
years) with a mean follow-up of 12.5 years reported a
sex-specific association. Specifically, higher dietary β-
cryptoxanthin intake was inversely associated with bladder
cancer risk among women, whereas no significant associ-
ation was observed among men [70]. Although the under-
lying mechanisms remain unclear, this sex-specific associ-
ation may reflect differences in sex hormones, dietary pat-
terns, carotenoid bioavailability, and residual confounding
by smoking and other lifestyle factors. For instance, women
were reported to exhibit greater efficiency in the absorption
of β-cryptoxanthin; consequently, more efficient utilization
may allow dietary intake to confer a stronger protective as-
sociation against bladder cancer.

Regarding gastric cancer, seven studies (including
five case-control studies and two cohort studies), with sam-
ple sizes ranging from several hundred to tens of thousands
of participants, consistently reported no significant associa-
tion between dietary β-cryptoxanthin intake and gastric can-
cer risk [71,72,73,74,75,76,77]. In contrast, a more recent
case-control study published in 2022, involving 80 gastric
cancer cases and 146 controls, reported an inverse associ-
ation [78]. Notably, the discrepant findings may, at least
in part, be attributable to methodological differences, in-
cluding the substantially smaller sample size, the absence
of female participants, and the exclusive use of hospital-
based controls. No significant association was observed be-
tween dietary β-cryptoxanthin intake and colon cancer risk
[79,80,81]. In contrast, a protective association with the
rectal cancers, was reported in one study [82].

Neither breast cancer risk [83,84,85,86], breast can-
cer survival [87], nor the breast cancer mortality [88,89]

was associated with dietary β-cryptoxanthin intake. With
the exception of one study [90], the study populations
were postmenopausal womenwith breast cancer; moreover,
postmenopausal changes in estrogen levels may influence
carotenoid metabolism and hormone-dependent breast can-
cer pathways, potentially contributing to the inconsistent
findings. Similarly, no significant associations were ob-
served between dietary β-cryptoxanthin intake and cancers
of the reproductive system, including gynecological can-
cer [91], prostate cancer [92], and oncogenic Human pa-
pillomavirus (HPV) infection [93]. For cancers arising in
the upper aerodigestive tract including the oral cavity and
pharynx, larynx, and esophagus, an inverse associationwith
dietary β-cryptoxanthin intake was consistently reported.
Specifically, negative associations were observed for oral
cavity and pharyngeal cancer [94], upper aerodigestive tract
cancer [95], squamous cell carcinoma [96,97], laryngeal
cancer [98], as well as for esophageal cancer in two inde-
pendent studies [77,99].

Evidence regarding the association between dietary β-
cryptoxanthin intake and several other cancer types remains
limited. For lung cancer, one study reported an inverse
association [100]. Hepatocellular carcinoma was reported
not to be related to β-cryptoxanthin intake [101]. One
case-control study reported inverse associations between
dietary β-cryptoxanthin intake and pancreatic cancer [103],
whereas two cohort studies observed no significant associ-
ation [102,104], suggesting that differences in study design
may partly account for the inconsistent findings. Findings
for head and neck cancer are mixed. A case-control study
involving 167 cases and 177 controls suggested a protec-
tive association [105]. However, a large prospective cohort
study including 120,582 participants reported no significant
association with a mean follow-up of 20.3 years [106].

4.2.2 Association Between Circulating β-Cryptoxanthin
Concentrations and Cancer Risk

In addition to assessing the role of dietary β-
cryptoxanthin intake in cancer, multiple studies have
also examined the relationship between circulating β-
cryptoxanthin concentrations and cancer risk. A majority
of studies examining the relationship between cancer risk
and plasma or serum β-cryptoxanthin levels reported ei-
ther an inverse association or no association with cancer
risk. Themost frequently studied disease was breast cancer,
with 12 studies conducted, 1 of which reported a negative
association [107] and eleven of which reported no corre-
lation [108,109,110,111,112,113,114,115,116„117]. How-
ever, when the analysis was further stratified by body
weight, higher circulating β-cryptoxanthin levels were
found to be a protective factor for lean women (relative risk
(RR) = 0.70) [116].

Five studies investigated the relationship between
gastric cancer risk and blood β-cryptoxanthin levels
[118,119,120,121,122], and four reported no association,
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Table 1. Evidence from human studies on the association between dietary β-cryptoxanthin intake and cancer risk.
No Study design Subjects Outcome HR/OR/RR/IRR; 95%

CI; p
Main results Ref

1 Case-control
study

322 bladder cancer cases, 239 controls,
2000–2003, America

Bladder cancer OR = 0.87; 95% CI
0.50–1.53; p = 0.65

No correlation [67]

2 Case-control
study

1592 bladder cancer cases, 1592 controls,
1987–1996, America

Bladder cancer OR = 0.83; 95% CI
0.64–1.08; p = 0.21

No correlation [68]

3 Cohort study 88,796 subjects, 20 years of follow-up,
NHS

Bladder cancer RR = 1.09; 95% CI
0.73–1.63; p = 0.97

No correlation [66]

4 Cohort study 27,111 subjects, aged 50–69 y, 11 years
follow-up, 1985–1995, Finland

Bladder cancer RR = 1.18; 95% CI
0.85–1.62; p = 0.34

No correlation [69]

5 Cohort study 47,909 subjects, 10 years follow-up,
1985–1995, America

Bladder cancer RR = 1.04; 95% CI
0.72–1.51; p = 0.90

No correlation [65]

6 Cohort study
185,885 older (45–75 y) subjects, 12.5
years follow-up, America

Bladder cancer
HR = 0.47; 95% CI
0.28–0.77; p < 0.01

Negative
correlation
(women)

[70]

HR = 0.97; 95% CI
0.74–1.30; p = 0.85

No correlation
(men)

7 Cohort study 120,852 subjects, aged 55–69 y, 6.3 years
follow-up, Netherlands

Gastric cancer RR = 0.80; 95% CI
0.60–1.20; p = 0.14

No correlation [75]

8 Case-control
study

124 esophageal adenocarcinoma cases,
124 distal gastric cancer cases, 449
controls, 1988–1993, America

Distal gastric
cancer

OR = 0.60; 95% CI
0.30–1.20; p = 0.08

No correlation [77]

9 Case-control
study

120 gastric cancer cases, 360 controls,
1997–1999, Uruguay

Gastric cancer OR = 0.80; 95% CI
0.40–1.61; p = 0.55

No correlation [71]

10 Case-control
study

415 gastric cancer cases, 830 controls,
2011–2014, Korea

Gastric cancer OR = 0.77; 95% CI
0.54–1.10; p = 0.14

No correlation [74]

11 Cohort study 82,002 subjects, aged 45–83 y,
1997–2005, Sweden

Gastric cancer RR = 1.21; 95% CI
0.73–2.01; p = 0.18

No correlation [76]

12 Case-control
study

274 gastric cases, 463 controls,
1994–1996, Poland

Gastric cancer OR = 1.06; 95% CI
0.68–1.65; p = 0.79

No correlation [72]

13 Case-control
study

230 gastric cancer cases, 547 controls,
1997–2007, Italy

Gastric cancer OR = 1.01; 95% CI
0.62–1.66; p = 0.86

No correlation [73]

14 Case-control
study

80 gastric cancer cases, 146 controls,
2018–2019, Vietnam

Gastric cancer OR = 0.34; 95% CI
0.14–0.79; p = 0.02

Negative
correlation

[78]

15 Case-control
study

1993 colon cancer cases, 2410 controls,
1991–1994, America

Colon cancer OR = 1.02; 95% CI
0.83–1.27; p = 0.08

No correlation [79]

16 Case-control
study

402 colorectal cancer cases, 688 controls,
1989–1993, Canada

Colon cancer OR = 0.96; 95% CI
0.66–1.40; p = 0.14

No correlation [80]

17 Cohort study 191,004 subjects, 8.2 years follow-up,
1993–2002, America

Colorectal
cancer

RR = 0.89; 95% CI
0.72–1.09; p = 0.04

No correlation [81]

18 Case-control
study

845 colorectal cancer cases, 845 controls,
2010–2013, China

Colorectal
cancer

OR = 0.23; 95% CI
0.17–0.33; p < 0.01

Negative
correlation

[82]

19 Cohort study 84,805 women subjects, 7.6 years
follow-up, 1993–2000, America

Breast cancer RR = 1.08; 95% CI
0.95–1.23; p = 0.14

No correlation [84]

20 Cohort study 83,234 women subjects, 1980–1994, AmericaBreast cancer
RR = 0.89; 95% CI
0.70–1.13; p = 0.34
(pre-menopausal)

No correlation [83]

RR = 0.97; 95% CI
0.84–1.13; p = 0.91
(post-menopausal)

21 Cohort study 56,837 women subjects, aged 40–59 y,
9.5 years follow-up, 1980–1993, Canada

Breast cancer IRR = 0.88; 95% CI
0.6–1.13; p = 0.59

No correlation [85]

22 Cohort study 36,664 women subjects, 9.4 years
follow-up, Sweden

Breast cancer RR = 1.02; 95% CI
0.82–1.26; p = 0.99

No correlation [86]
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Table 1. Continued.
No Study design Subjects Outcome HR/OR/RR/IRR; 95% CI; p Main results Ref

23 Cohort study 1235 breast cancer subjects, 1996–2002,
LIBCSP

Breast cancer
survival

HR = 1.13; 95% CI 0.53–2.41; p
= 0.10 (pre-menopausal)

No correlation [87]

HR = 0.82; 95% CI 0.53–1.28; p
= 0.34 (post-menopausal)

24 Cohort study 1982 subjects, 18 years of follow-up,
America

Breast cancer
mortality

RR = 0.86; 95% CI 0.63–1.19; p
= 0.56

No correlation [88]

25 Cohort study 4441 subjects, 1998–2007, America Breast cancer
mortality

HR = 0.81; 95% CI 0.45–1.45; p
= 0.82

No correlation [89]

26 Cohort study 516 postmenopausal breast cancer
subjects, 80 months follow-up, America

Breast Cancer
mortality

HR = 0.54; 95% CI 0.30–0.96; p
≤ 0.05

Negative
correlation

[90]

27 Cross-
sectional study

12,437-woman subjects aged over 20
years, 2007–2016, NHANES

Gynecological
cancer

OR = 1.00; 95% CI 0.99–1.00; p
> 0.05

No correlation [91]

28 Case-control
study

244 prostate cancer cases, 408 controls,
aged 64–75 y, 2013–2015, Vietnam

Prostate cancer OR = 1.29; 95% CI 0.79–2.09; p
= 0.30

No correlation [92]

29 Cohort study 120-woman subjects with oncogenic
HPV, 141-woman subjects with any type

of HPV, 1990s–2000s, YWHS

Oncogenic HPV OR = 0.80; 95% CI 0.30–2.20; p
> 0.05

No correlation [93]

30 Case-control
study

768 OCP cancer cases, 2078 controls,
1997–2009, Italy and Switzerland

OCP cancer OR = 0.37; 95% CI 0.24–0.56; p
< 0.01

Negative
correlation

[94]

31 Case-control
study

399 upper-aerodigestive-tract cancer
cases, 393 controls, 1996–1997, Uruguay

Upper-
aerodigestive-
tract cancer

OR = 0.20; 95% CI 0.10–0.50; p
< 0.01

Negative
correlation

[95]

32 Cohort study 75,170 women subjects, 48,400 men
subjects, 1984–2012, America

SCC HR = 0.86; 95% CI 0.76–0.96; p
< 0.01

Negative
correlation

[96]

33 Case-control
study

304 SCC cases, 743 controls, 1992–1997,
Italy

SCC OR = 0.50; 95% CI 0.30–0.80; p
< 0.05

Negative
correlation

[97]

34 Case-control
study

527 laryngeal cancer cases, 1297
controls, 1992–2000, Italy and

Switzerland

Laryngeal
cancer

OR = 0.40; 95% CI 0.20–0.50; p
< 0.01

Negative
correlation

[98]

35 Case-control
study

124 esophageal adenocarcinoma cases,
124 distal gastric cancer cases, 449
controls, 1988–1993, America

Esophageal
adenocarcinoma

OR = 0.50; 95% CI 0.30–1.10; p
= 0.05

*No correlation [77]

36 Case-control
study

234 Esophageal squamous cell carcinoma
cases, 936 controls, 1996–2004, Uruguay

Esophageal
squamous cell
carcinoma

OR = 0.34; 95% CI 0.21–0.57; p
< 0.01

Negative
correlation

[99]

37 Case-control
study

1105 lung cancer cases, 1449 controls,
1996–2002, Canada

Lung cancer OR = 0.65; 95% CI 0.51–0.84; p
< 0.01

Negative
correlation

[100]

38 Case-control
study

185 HCC cases, 412 controls,
1999–2002, Italy

HCC OR = 1.11; 95% CI 0.84–1.45; p
= 0.50

No correlation [101]

39 Case-control
study

326 pancreatic cancer cases, 652 controls,
1991–2008, Italy

Pancreatic
cancer

OR = 0.66; 95% CI 0.39–1.09; p
= 0.02

*No correlation [102]

40 Clinic-based
case-control

design

384 pancreatic cancer cases, 983 controls,
2004–2009, America

Pancreatic
cancer

OR = 0.55; 95% CI 0.37–0.82; p
= 0.01

Negative
correlation

[103]

41 Cohort Study 120,852 subjects, 16.3 years follow-up,
1986–2002, Netherlands

Pancreatic
cancer

HR = 1.00; 95% CI 0.97–1.03; p
= 0.73

No correlation [104]

42 Case-control
study

167 HNC cases, 177 controls,
1992–1994, America

HNC OR = 0.30; 95% CI 0.15–0.60; p
< 0.01

Negative
correlation

[105]

43 Prospective
cohort study

120,582 subjects, 20.3 years follow-up,
Netherlands

HNC RR = 0.73; 95% CI 0.47–1.14; p
= 0.05

No correlation [106]

Abbreviations: HR, Hazard Ratio; OR, Odds Ratio; RR, Relative Risk; CI, Confidence Interval; LIBCSP, Long Island Breast Cancer Study Project;
HPV, Human papillomavirus; YWHS, Young Women’s Health Study; HNC, Head and Neck Cancer; OCP, Oral Cavity and Pharyngeal; NHS,
Nurses’ Health Study; HCC, Hepatocellular Carcinoma; SCC, Squamous Cell Carcinoma; NHANES, National Health and Nutrition Examination
Survey. *For these references, although quantile-based categorization (e.g., highest vs. lowest quintile) yielded a non-statistically significant inverse
association (95% CI overlapping 1), the test for linear trend across quantiles suggested a significant inverse dose-response relationship.

9

https://www.imrpress.com


Table 2. Evidence from human studies on the association between plasma or serum β-cryptoxanthin and cancer risk.
No Study design Subjects Outcome HR/OR/RR/IRR; 95% CI; p Main results Ref

1 Nested
case-control

study

100 breast cancers cases, 59 other
cancer cases, 159 controls, 1994–2002,

France

Breast
cancer

OR = 0.83; 95% CI 0.71–0.96; p
= 0.02

Negative
correlation

[107]

2 Case-control
study

270 breast cancer cases, 270 controls,
1985–1994, America

Breast
cancer

OR = 1.68; 95% CI 0.99–2.86; p
= 0.05

No correlation [108]

3
Nested case-
control study

1502 breast cancer cases, 1502 controls,
1992–1998, Europe

Breast cancer
OR = 0.70; 95% CI 0.45–1.10; p

= 0.29 (ER–)
No correlation [110]

OR = 0.84; 95% CI 0.51–1.37; p
= 0.68 (ER+)

4 Case-control
study

105 breast cancer cases, 210 controls,
9.5 years follow-up, America

Breast
cancer

RR = 0.60; 95% CI 0.30–1.20; p
= 0.41

No correlation [111]

5
Nested case-
control study

286 breast cancer cases, 535 controls,
1993–2006, America

Breast cancer
OR = 1.36; 95% CI 0.85–2.16; p
= 0.30 (trans-β-Cryptoxanthin)

No correlation [114]

OR = 1.27; 95% CI 0.81–1.99; p
= 0.28 (cis-β-Cryptoxanthin)

6 Cohort study
5450 subjects, 8.0-year follow-up,
1993–2005, America

Breast cancer
HR = 1.16; 95% CI 0.81–1.65; p

= 0.42 (age-adjusted)
No correlation [117,]

HR = 1.28; 95% CI 0.86–1.92; p
= 0.23 (multivariate adjusted)

7
Nested case-
control study

2188 breast cancer cases, 2188 controls,
1989–2010, NHS

Breast cancer
RR = 0.86; 95% CI 0.70–1.06; p

= 0.12
No correlation

[116]

RR = 0.70; 95% CI 0.53–0.92; p
= 0.05

Negative
correlation (lean

women)

8
Nested case-
control study

295 breast cancer cases, 295 controls,
1974–1989, America

Breast cancer
OR = 0.98; 95% CI 0.55–1.75; p

= 0.67 (1974 cohort)
No correlation [112]

OR = 0.70; 95% CI 0.29–1.73; p
= 0.68 (1989 cohort)

9 Nested
case-control

study

508 breast cancer cases, 508 controls,
1992–2002, America

Breast
cancer

RR = 0.94; 95% CI 0.56–1.57; p
= 0.91

No correlation [113]

10 Nested
case-control

study

969 breast cancer cases, 969 controls,
1989–1998, America

Breast
cancer

OR = 1.03; 95% CI 0.77–1.38; p
= 0.32

No correlation [115]

11 Case-control
study

496 breast cancer cases, 496 controls,
1998–2007, America

Breast
cancer

OR = 1.01; 95% CI 0.60–1.70; p
= 0.65

No correlation [109]

12 Nested
Case-control

study

511 gastric cancer cases, 511 controls,
1990–2004, Japan

Gastric
cancer

OR = 0.71; 95% CI 0.43–1.17; p
= 0.09

No correlation [118]

13 Case-control
study

191 gastric cancer cases, 570 controls,
12 years follow-up, China

Gastric
cancer

OR = 0.90; 95% CI 0.51–1.58; p
= 0.66

No correlation [119]

14 Cohort study 3182 subjects, aged from 39–79, 10.5
years follow-up, 1988–1999, Japan

Gastric
cancer

HR = 0.69; 95% CI 0.16–3.03; p
= 0.75

No correlation [120]

15 Stratified
case-cohort

study

590 esophageal, 395 gastric cardia, 87
gastric non-cardia cases, 1053 controls,

1986–1991, China

Gastric
non-cardia
cancer

RR = 0.88; 95% CI 0.76–1.00; p
= 0.13

No correlation [121]

16 Stratified
case-cohort

study

590 esophageal, 395 gastric cardia, 87
gastric non-cardia cases, 1053 controls,

1986–1991, China

Gastric
cardia
cancer

RR = 1.00; 95% CI 0.99–1.10; p
= 0.23

No correlation [121]

17 Case-control
study

244 gastric cancer cases, 645 controls,
1992–1998, 10 European countries

Gastric
cancer

OR = 0.53; 95% CI 0.30–0.94; p
< 0.01

Negative
correlation

[122]
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Table 2. Continued.
No Study design Subjects Outcome HR/OR/RR/IRR; 95% CI; p Main results Ref

18 Cohort study 5477 subjects, 12 years follow-up, WHI Colorectal
cancer

HR = 1.10; 95% CI 0.67–1.83; p
= 0.70

No correlation [123]

19 Cohort study 3182 subjects, aged from 39–79, 10.5
years follow-up, 1988–1999, Japan

Colorectal
cancer

HR = 0.70; 95% CI 0.19–3.00; p
= 0.70

No correlation [120]

20 Case-control
study

538 colorectal cancer cases, 564 controls,
2010–2014, China

Colorectal
cancer

OR = 0.44; 95% CI 0.29–0.66; p
< 0.01

Negative
correlation

[124]

21
Nested Case
Control

207 lung cancer cases, 414 controls,
1997–2006, America

Lung cancer
OR = 0.33; 95% CI 0.15–0.73; p

< 0.01
Negative
correlation
(men)

[125]

OR = 1.58; 95% CI 0.59–4.23; p
> 0.05

No correlation
(women)

22
Case-control
study

211 lung cancer cases, 487 controls,
1989–1999, America

Lung cancer
OR = 0.32; 95% CI 0.13–0.78; p

= 0.03
Negative
correlation
(men)

[126]

OR = 1.00; 95% CI 0.22–4.48; p
= 0.74

No correlation
(women)

23
Case control
study

339 lung cancer cases, 678 controls,
1992–1999, China

Lung cancer
OR = 7.60; 95% CI 2.70–21.50;

p < 0.01
Positive
correlation
(alcohol
drinkers)

[127]

OR = 0.80; 95% CI 0.30–2.00; p
= 0.70

No correlation
(non-drinkers)

24 Prospective
cohort study

10,382 subjects, aged over 20 years,
1988–2006, America

Lung cancer RR = 0.56; 95% CI 0.33–0.96; p
< 0.05

Negative
correlation

[128]

25 Cohort study 3182 subjects, aged from 39–79, 10.5
years follow-up, 1988–1999, Japan

Lung cancer HR = 0.66; 95% CI 0.18–2.36; p
= 0.79

No correlation [120]

26 Case-control
study

242 bladder cancer cases, 204 controls,
1993–1997, MSKCC

Bladder cancer OR = 0.90; 95% CI 0.81–1.00; p
= 0.05

No correlation [129]

27
Case-control
study

111 bladder cancer cases, 111 controls,
1971–1995, America

Bladder cancer
OR = 0.41; 95% CI 0.20–0.88; p

= 0.04
Negative
correlation

[130]

OR = 0.52; 95% CI 0.23–1.44; p
= 0.15

No correlation
(adjusted

pack-years of
cigarette
smoking)

28 Environment-
wide

association
study

5163 cancer cases, 55,021 controls,
1999–2018, NHANES

Cancer OR = 0.85; 95% CI 0.76–0.96; p
< 0.01

Negative
correlation

[131]

29 Nested
case-control

study

1305 kidney cancer cases, 1305 controls,
1980s–2000s, Europe

Kidney cancer OR = 0.73; 95% CI 0.65–0.83; p
< 0.01

Negative
correlation

[132]

30 Cohort study 189 oncogenic HPV infections subjects,
1998–2003, America

Oncogenic HPV
infections

HR = 1.64; 95% CI 0.99–2.73; p
= 0.04

*No correlation [133]

31 Cohort study 5477 subjects, 12 years follow-up, WHI Colon cancer HR = 0.91; 95% CI 0.52–1.58; p
= 0.65

No correlation [123]

32 Stratified
case-cohort

study

590 esophageal, 395 gastric cardia, 87
gastric non-cardia cases, 1053 controls,

1986–1991, China

Esophageal
cancer

RR = 1.00; 95% CI 0.98–1.10; p
= 0.57

No correlation [121]

33 Case-control
study

213 HCC cases, 1087 controls, 15 years
follow-up, 1986–2001, China

HCC OR = 0.85; 95% CI 0.48–1.51; p
= 0.56

No correlation [134]
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Table 2. Continued.
No Study design Subjects Outcome HR/OR/RR/IRR; 95% CI; p Main results Ref

34 Nested
case-control

study

370 prostate cancer cases, 2470 controls,
1982–2005, America

Prostate Cancer OR = 1.17; 95% CI
0.85–1.61; p = 0.31

No correlation [135]

35 Nested
case-control

study

856 UCC cases, 856 controls,
1992–2005, Europe

UCC IRR = 1.08; 95% CI
0.76–1.50; p = 0.33

No correlation [136]

36 Cohort study 12,530 subjects, 1988–1994, America Cancer
mortality

HR = 0.90; 95% CI
0.70–1.15; p = 0.47

No correlation [137]

37 Cohort study 13,293 subjects, 1988–2006, NHANES
III

Cancer
mortality

RR = 1.28; 95% CI
0.87–1.89; p = 0.61

No correlation [138]

38 Cohort study 1054 subjects, aged 65 y+, 1994–2008,
British

Primary cancer
mortality

HR = 0.86; 95% CI
0.66–1.13; p = 0.30

No correlation [139]

39 Cohort study 3254 subjects, aged 39–85 y, 11.7 years
follow-up, Japan

Colorectal
cancer mortality

HR = 0.80; 95% CI
0.38–1.67; p = 0.55

No correlation [140]

40 Cohort study
3254 subjects, aged 39–85 y, 11.7 years
follow-up, Japan

Gastric cancer
mortality

HR = 0.58; 95% CI
0.28–1.18; p = 0.14

No correlation [140]

Liver cancer
mortality

HR = 1.13; 95% CI
0.50–2.53; p = 0.77

No correlation [140]

Lung cancer
mortality

HR = 1.01; 95% CI
0.66–1.56; p = 0.96

No correlation [140]

41
Case-control
study

125 premature mortality cases, 321
controls, 1988–2015, Japan

Cancer mortality
OR = 3.23; 95% CI
1.40–8.03; p < 0.01

Positive
correlation
(women)

[141]

OR = 0.10; 95% CI
0.02–0.37; p < 0.01

Negative
correlation
(men)

Abbreviations: HR, Hazard Ratio; OR, Odds Ratio; RR, Relative Risk; CI, Confidence Interval; MSKCC, Memorial Sloan-Kettering Cancer
Center; NHS, Nurses’ Health Study; NHANES, National Health and Nutrition Examination Survey; WHI, Women’s Health Initiative; HCC,
Hepatocellular Carcinoma; UCC, Urothelial Cell Carcinoma; ER, Estrogen Receptor. *For these references, although quantile-based catego-
rization (e.g., highest vs. lowest quintile) yielded a non-statistically significant inverse association (95% CI overlapping 1), the test for linear
trend across quantiles suggested a significant inverse dose-response relationship.

with one study showing an exception [122]. This case-
control study, involving 244 gastric cancer cases and 645
controls from 10 European countries, revealed that higher
plasma β-cryptoxanthin levels were associated with a re-
duced occurrence of gastric cancer (OR = 0.53). One pos-
sible explanation for this discrepancy is the considerable
heterogeneity in the multi-country design and the more ho-
mogeneous population characteristics as this study included
participants from 10 European countries, whereas the other
four studies were conducted within a single country. Two
cohort studies explored the relationship between the risk of
colorectal cancer and plasma or serum β-cryptoxanthin lev-
els but found no correlation [120,123]. Conversely, a case-
control study involving 538 cases of colorectal cancer and
564 controls found that β-cryptoxanthin was a protective
factor (OR = 0.44) [124].

Research on the association between blood β-
cryptoxanthin levels and lung cancer risk presents a mixed
pattern of results. Two studies reported that, when stratified
by gender, plasma or serum β-cryptoxanthin was a protec-

tive factor for men but not for women [125,126]. A case-
control study of 339 lung cancer cases and 678 controls in
China, stratified by alcohol consumption, found that serum
β-cryptoxanthin levels were associated with an increased
risk of lung cancer among drinkers, an interesting contrast
to its generally recognized health-protective role. No such
association was observed among non-drinkers. This unex-
pected association may reflect an interaction between alco-
hol consumption and β-cryptoxanthinmetabolism, in which
alcohol-induced oxidative stress or metabolic alterations
could diminish or even reverse its protective effects [127].
At the population level, the evidence is also mixed. One
prospective cohort study of 10,382 subjects reported a pro-
tective association [128], while another 10.5-year follow-
up cohort study of 3182 subjects concluded no correlation
[120]. Collectively, evidence regarding the relationship be-
tween blood β-cryptoxanthin levels and lung cancer risk re-
mains inconclusive, with findings varying by sex, popula-
tion and lifestyle factors including alcohol consumption.
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One case-control study conducted on bladder cancer
revealed no correlation [129]. Another study reported blood
β-cryptoxanthin levels might be the protective factor [130].
However, this association disappeared after adjusting for
pack-years of cigarette smoking. For the risk of general
cancer [131] and kidney cancer [132], the available results
indicated that plasma or serum β-cryptoxanthin was con-
sidered a protective factor. In contrast, no statistically sig-
nificant association was observed between plasma or serum
β-cryptoxanthin levels and the incidence rates of colon can-
cer [123], esophageal cancer [121], oncogenic HPV infec-
tion [133], hepatocellular carcinoma [134], prostate cancer
[135], or urothelial cell carcinoma [136].

In addition to evaluating the association between β-
cryptoxanthin and cancer incidence, several epidemiologi-
cal studies also examined its relationship with cancer mor-
tality. Studies examining cancer mortality have consis-
tently reported no association between plasma or serum
β-cryptoxanthin levels and mortality outcomes, including
overall cancer mortality [137,138], primary cancer mortal-
ity [139] and the mortality from colorectal, gastric, liver
and lung cancers [140]. A case-control study involving 125
premature mortality cases and 321 controls found that, af-
ter being categorized by gender, the serum β-cryptoxanthin
levels were associated with an increased risk of cancer mor-
tality in women (OR = 3.23). In contrast, the association
was reversed in men (OR = 0.10) [141]. Regarding this un-
expected result, the authors proposed two possible expla-
nations: the bone metabolism hypothesis and the potential
toxicity of excessive β-cryptoxanthin intake. Overall, the
heterogeneity observed across cancer studies may reflect
underlying interindividual differences in β-cryptoxanthin
metabolism, bioavailability, and interaction with lifestyle
factors such as smoking and alcohol consumption. These
findings highlight the importance of adopting a precision
nutrition perspective, in which the potential protective ef-
fects of β-cryptoxanthin are evaluated in specific subpopu-
lations rather than at the general population level.

5. Conclusions and Future Prospective
Despite the promising evidence summarized in this

present review, several limitations should be considered.
First, the majority of human studies are observational, lim-
iting causal inference and leaving open the possibility of
residual confounding from dietary patterns, smoking, alco-
hol consumption, adiposity, and other lifestyle-related fac-
tors. Second, both dietary intake estimates and circulating
β-cryptoxanthin concentrations are imperfect indicators of
biologically relevant exposure, as they are influenced by
food composition variability, recent intake, absorption ef-
ficiency, host genetics and metabolic status. Moreover, be-
cause this article is a narrative review rather than a system-
atic review, the possibility of incomplete literature capture
and selection bias should also be acknowledged. Never-
theless, this review highlights that β-cryptoxanthin is not

merely a passive dietary antioxidant but a biologically ac-
tive compound with tissue-specific actions. Among the
health outcomes examined, evidence is most consistent for
its beneficial role in skeletal health. Experimental stud-
ies collectively demonstrate that β-cryptoxanthin simulta-
neously stimulates osteoblast differentiation and activity
while suppressing osteoclastogenesis and bone resorption.
These mechanistic findings are complemented by epidemi-
ological studies and human interventions showing favor-
able associations with bone mineral density, bone turnover
markers, and reduced osteoporosis risk, suggesting that β-
cryptoxanthin may contribute to bone homeostasis, partic-
ularly in aging populations.

In contrast, the relationship between β-cryptoxanthin
and cancer risk appears to be inconclusive and population-
dependent. While inverse associations have been observed
for certain malignancies, most notably cancers of the upper
aerodigestive tract, evidence across other cancer types re-
mains inconsistent. Differences in study design, exposure
assessment, population characteristics, and confounding
factors such as smoking, alcohol intake, adiposity, and hor-
monal status likely contribute to the variability in reported
outcomes. Importantly, the predominance of null findings
for overall cancer incidence and cancer-related mortality
indicates that β-cryptoxanthin should not be viewed as a
broadly protective anticancer agent. Rather, its potential
influence on carcinogenesis may be restricted to specific
tissues or subpopulations and modulated by metabolic and
lifestyle factors.

Moreover, substantial interindividual variability in
circulating β-cryptoxanthin levels underscores the need
to better characterize the determinants of absorption,
metabolism, and tissue distribution. Genetic variation
in carotenoid transporters and cleavage enzymes, interac-
tions with dietary fat and fiber, and the role of the gut
microbiota represent particularly important areas for fu-
ture investigation. In summary, β-cryptoxanthin is an
underexplored carotenoid with well-supported biological
relevance to bone health, while associations with can-
cer risk differ according to population characteristics and
cancer type. Future research is essential to determine
whether β-cryptoxanthin can be effectively incorporated
into evidence-based precision nutrition strategies that ac-
count for interindividual variability in disease risk and
metabolic response.
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