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Background: Human epididymis protein 4 (HE4) has been frequently used to study in many 
malignant tumors, while serum nutritional markers are used to determine a person’s health 
status. However, the link between serum micronutrient concentrations and HE4 has not yet 
been clarified.
Methods: A total of 2464 eligible female participants and serum concentrations of nutri
tional biomarkers were chosen from the National Health and Nutrition Examination Surveys 
(NHANES) 2001–2002. For statistical analysis, we used the χ2 test, multivariable linear 
regression, and analysis of variance. Adjusted models were used, and the concentrations of 
serum nutritional biomarkers were divided into quartiles.
Results: The mean age of the participants was 48.07 years. Among twelve micronutrients, 
five were negatively associated with HE4 in models 1, 2 and 3. Only α-carotene, trans-β- 
carotene, cis-β-carotene, trans-lycopene and retinol were associated with HE4, with beta 
coefficients of −0.102, −0.027, −0.506, −0.131 and −0.054, respectively. After performing 
quartile-based analysis, statistical significance was only found for serum α-carotene, trans- 
lycopene, and retinol in the three models. In model 3, the beta coefficients [95% confidence 
intervals (CIs)] of the fourth quartiles compared to the first quartiles for α-carotene, trans- 
lycopene, and retinol were −3.390 (−5.053, −1.727), −4.036 (−5.722, −2.351) and −4.146 
(−5.899, −2.393), respectively. Serum concentrations of these three nutritional biomarkers 
were inversely related to serum HE4 concentration (p trend <0.001).
Conclusion: HE4 is a useful and novel biomarker that can be used with many diseases, 
especially ovarian cancer. Three of our selected micronutrients were inversely associated 
with HE4 concentration. Supplement of micronutrients may reduce the levels of HE4 and the 
subsequent of ovarian cancer’s risk. Therefore, a formula that correlates HE4 with nutritional 
biomarkers needs to be established before use in clinical applications.
Keywords: human epididymis protein 4, vitamin A, vitamin E, carotenoids

Introduction
CA 125, HE4, apoptosis repeat baculoviral inhibitor-5, e-cadherin, mucin 1 and 
prostasin were a list of important biomarkers for ovarian cancer.1 Due to multiple 
biomarkers were used in the detection of ovarian cancer, nanomaterial-based 
biosensors were developed to identifying and controlling them.1 They can convert 
chemical analyte into signal, detect limited range of biomarkers to have a more 
beneficial result.1 Human Epididymis Protein 4 (HE4) has been developed as 
a biomarker to detect ovarian cancer because the positive predictive value of cancer 
antigen 125 (CA125) for ovarian cancer is only 10.1%.2 CA125 may also increase 
in benign gynecological disease, menstruation, pregnancy, heart failure and liver 
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cirrhosis.3 HE4 expression is detected less often in benign 
diseases of the uterine corpus, breast cancer, gastrointest
inal tumors and urinary tract tumors.4

Nutrient-rich supplements such as carotenoids and vita
mins are used commercially because of their medicinal 
properties and the increasing health consciousness of the 
population. Carotenoids have potent cytotoxic effects 
against various cancer cells. Their associated mechanisms 
include enhanced oxidative stress and apoptosis, effects on 
the MAPK/ERK pathway, the overexpression of pro- 
apoptotic proteins, the overexpression of tumor suppres
sion proteins, the suppression of metastasis and cell cycle 
arrest.5 In addition, carotenoids, as serum nutritional bio
markers, have consistent associations with sleep quality 
and quantity.6

HE4 and carotenoids share similar signaling pathways. 
The association between carotenoids and HE4 has been 
underinvestigated. The possible associated pathways and 
mechanisms including cell proliferation, tumor growth, 
metastatic invasion, migration, adhesion, and 
chemoresistance.7 Therefore, our aim in this study was to 
examine the link between carotenoid levels and HE4 
concentration.

Methods
Design and Participants
The National Health and Nutrition Examination Survey 
(NHANES) is an ongoing cross-sectional survey of the 
United States population.8 A total of 11,039 participants 
of all ages were included in the NHANES 2001–2002 
database. Data collection, physical examination and 
laboratory investigation were completed after the partici
pants had provided their consent personally. All 
NHANES participants underwent two-part household 
interviews. The first part proceeded with a trained inter
viewer, while the second part was conducted with 
a computer or other technology. The information 
included age, gender, race, medical history, health status, 
smoking, drug use, alcohol, and sexual behavior. Further 
physical examinations and laboratory tests were per
formed at a mobile examination center (MEC). For 
more detailed information, please visit the NHANES 
2001–2002 website, https://wwwn.cdc.gov/nchs/nhanes/ 
continuousnhanes/default.aspx?BeginYear=2001. The 
NHANES data were approved by the Institutional 
Review Board (IRB) of the National Center for Health 
Statistics (NCHS).

Measurement of Nutritional Biomarkers
Serum nutritional biomarkers were processed, stored at – 
20 °C, and shipped for analysis and testing according to 
the NHANES’ protocol. A total of twelve micronutrients, 
including retinol, α-tocopherol, γ-tocopherol, retinyl pal
mitate, retinyl stearate, α-carotene, trans-β-carotene, cis 
β-carotene, β-cryptoxanthin, lutein/zeaxanthin, and trans- 
lycopene, were examined according to the NHANES’ 
laboratory methodology.

The NHANES has collected data on serum nutritional 
biomarkers since 1971. Serum retinol was uncommon in 
individuals aged 4 years and older, but variations in racial/ 
ethnic and socioeconomic differences were found in 
NHANES III (1988–1994),9 as well as variations in 
serum carotenoid concentrations.10

The common cutoff values for serum vitamin A, 
vitamin E and serum α-tocopherol concentrations were 
20 μg dl−1, 500 μg dl−1 and 500 µg/dL, respectively.11

Other fat-soluble micronutrients had different reference 
values between children, adolescents, adults and older 
people (≥ 60 years).11 In general, vitamin A and E were 
lower in children and adolescents; α-carotene and lutein/ 
zeaxanthin were lower in adolescents, β-carotene was 
lower in adolescents and in adults 20–39 years old, trans- 
lycopene and γ-tocopherol were lower in young children 
and older people, and β-cryptoxanthin was lower in ado
lescents or adults.12

The interpretation of various serum nutritional biomarkers 
between races was as follows: vitamin A and γ-tocopherol 
were lower in Mexican Americans and non-Hispanic whites, 
while vitamin E was lower in non-Hispanic blacks.12 The assay 
methodology and reference values for the nutritional biomar
kers are discussed in more detail on the NHANES website 
(https://wwwn.cdc.gov/Nchs/Nhanes/2001–2002/L06VIT_B. 
htm) and in the National Report on Biochemical Indicators of 
Diet and Nutrition in the US Population 1999–2002.12

Covariates
The demographic data of our study population included age, 
race, health and medical information (smoking, congestive 
heart failure, coronary heart disease or episodes of angina/ 
angina pectoris heart disease, and cancer or malignancy). 
Biochemical parameters for creatinine (Cr), alanine amino
transferase (ALT), total cholesterol, and C-reactive protein 
(CRP) were analyzed. The laboratory assay methods and 
protocols are described in detail on the NHANES website 
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(https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx? 
Component=Laboratory&CycleBeginYear=2001).

Statistical Analysis
Our study used SPSS version 22 (SPSS Inc., Chicago, IL, 
USA) for statistical analysis. Nominal and quantitative vari
ables are expressed as counts and percentages and as means 
± standard deviation (SD). The χ2 test was used to verify the 
relationship between serum nutritional biomarkers and HE4. 
Multivariable linear regression was used to compare changes 
in the regression coefficients of variables. Serum nutritional 
biomarker levels were divided into four equal parts, and the 
lowest quartile was set as the reference group. Analysis of 
variance (ANOVA) was used to measure the differences 
between continuous variables and HE4. A p value < 0.05 
was set as the cutoff that indicated statistical significance.

Three models were investigated to adjust relevant cov
ariates. Model 1 was based on age and race; Model 2 was 
a modified version of Model 1 plus Cr, ALT, and CRP; and 
Model 3 was a modified version of Model 2 plus histories 
of smoking, heart disease, and cancer.

Results
There were 2464 eligible participants in our study. We 
excluded missing data of serum nutritional biomarkers 

and HE4. Serum nutritional biomarkers which statisti
cal significance p value <0.05 was included and was 
divided into quartile in the analysis of variance 
(ANOVA).

Figure 1 shows a flow chart of our research. The 
characteristics of our study population were categor
ized based on the continuous variables and categorical 
variables in Table 1. Our participants were all female 
and had a mean age of 48.07 years old (SD = 19.26). 
Creatinine, alanine aminotransferase and C-reactive 
protein were within normal ranges in our study parti
cipants. The participants had a slightly higher mean 
total cholesterol level (204.98 ± 42.24 mg/dL). Non- 
Hispanic whites comprised 52.8%, which was more 
than non-Hispanic black and other races.

Table 2 and Figure 2 show the associations between 
serum nutritional biomarkers and human epididymis pro
tein 4. After additional adjustment in Model 3 (age + 
race + Cholesterol + Cr + ALT + CRP + History of 
smoking + History of heart disease + History of cancer), 
the serum nutritional biomarkers that were statistically 
significant were α-carotene, trans-β-carotene, cis-β- 
carotene, trans-lycopene and retinol. Their beta coeffi
cients were −0.102, −0.027, −0.506, −0.131 and −0.054, 
respectively.

11,039 individuals of all ages from NHANCES data 
between January 2001 and December 2002

Eligible participants
N=2,464

Inclusion criteria: No missing data of serum nutritional biomarkers and HE4

χ2 Test was used to 
verify the relationship between serum 

nutritional biomarkers and HE4

Multivariable linear regression 
was used to compare changes in 

regression coefficients of variables

Analysis of variance (ANOVA) 
measured differences between 
continuous variables and HE4

HE4=Human Epididymis Protein 4 

Divided serum α-carotene, trans-β-carotene, cis-β-carotene, trans-lycopene and 
retinol into quartiles

Analysis of variance (ANOVA) measured 
differences between continuous variables and HE4

Positive association between α-carotene, trans-lycopene, retinol and HE4

Inclusion criteria: serum nutritional biomarkers p < 0.05 in model 3

Inclusion criteria: serum nutritional biomarkers p < 0.05 in model 3

Figure 1 Flow chart.
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A Dose-Dependent Association Exists 
Between α-Carotene, Trans-Lycopene, 
Retinol, and Human Epididymis Protein 4
Table 3 shows the association between the quartiles of serum 
nutritional biomarkers and human epididymis protein 4. 
A quartile-based analysis was performed by dividing the 
serum nutritional biomarkers into quartiles. The first quartile 
was set as our reference group. A negative correlation between 
α-carotene, trans-lycopene and retinol was observed after 
additional adjustment in the three models. The trends were 
statistically significant in the three models. The beta coeffi
cients of Q4 versus Q1 for α-carotene were −1.965 in Model 1 
(age + race), −1.795 in Model 2 (Model 1 + Cholesterol + Cr + 
ALT + CRP) and −3.390 in Model 3 (Model 2 + History of 
smoking + History of heart disease + History of cancer). The 
beta coefficients of Q4 versus Q1 for trans-lycopene were 
−3.948 in Model 1, −4.328 in Model 2 and −4.036 in Model 
3. The beta coefficients of retinol between Q4 and Q1 were 
−2.867 in Model 1, −4.146 in Model 2 and −4.146 in Model 3. 
The models had similar p trends of <0.001.

Discussion
Our results demonstrated a negative association between 
micronutrients and serum HE4 concentration in healthy sub
jects. Decreases in the concentration of HE4 were accom
panied by significant increases in α-carotene, trans-lycopene 

Table 1 Characteristics of Study Participants

Characteristic Total Population N=2464

Continuous variables*
Age (years) 48.07(19.26)

Creatinine (mg/dL) 0.78(0.43)

ALT(U/L) 21.19(40.02)
Total cholesterol (mg/dL) 204.98(42.24)

CRP (mg/dL) 0.57(0.96)

Vitamin D (ng/mL) 21.65(9.76)
α-carotene (ug/dL) 4.73(6.95)

Trans-β-carotene (ug/dL) 20.97(21.48)
Cis-β-carotene (ug/dL) 1.23(1.23)

β-cryptoxanthin (ug/dL) 11.05(9.71)

γ-tocopherol (ug/dL) 232.60(133.25)
Lutein/zeaxanthin (ug/dL) 16.52(9.16)

Trans-lycopene (ug/dL) 21.58(10.50)

Retinyl palmitate (ug/dL) 2.44(2.71)
Retinyl stearate (ug/dL) 0.49(0.87)

Retinol (ug/dL) 56.14(18.25)

α-tocopherol (ug/dL) 1378.10(653.74)

Categorical variables†

Non-Hispanic White 1302(52.8)

Smoking

Congestive heart failure 60(2.4)
Coronary heart disease 68(2.8)

Angina/Angina pectoris 79(3.2)

Cancer or malignancy 214 (8.7)

Notes: 1 missing data; *Continuous variables are presented as mean (standard 
deviation); †Categorical variables are presented as number (percentage). 
Abbreviations: CRP, C-reactive protein; ALT, alanine aminotransferase.

Table 2 Associations Between Serum Nutritional Biomarkers and Human Epididymis Protein 4

Variables Model 1a 

βb (95% CI)
P-value Model 2a 

βb (95% CI)
P-value Model 3 

βb (95% CI)
P-value

Vitamin D 0.060(−0.028, 0.149) 0.178 0.023(−0.034, 0.081) 0.423 0.017(−0.040, 0.074) 0.561

α-Carotene −0.236(−0.361, −0.111) <0.001 −0.125(−0.207, −0.042) 0.003 −0.102(−0.184, −0.020) 0.014
Trans-β-carotene −0.067(−0.108, −0.026) 0.001 −0.035(−0.062, −0.008) 0.012 −0.027(−0.054, 0.000) 0.048

Cis-β-carotene −1.167(−1.886, −0.449) 0.001 −0.635(−1.111, −0.159) 0.009 −0.506(−0.980, −0.033) 0.036

β-cryptoxanthin −0.142(−0.234, −0.051) 0.002 −0.041(−0.101, 0.020) 0.192 −0.004(−0.065, 0.058) 0.909
γ-tocopherol 0.009(0.003, 0.015) 0.006 0.001(−0.004, 0.005) 0.696 0.000(−0.004, 0.005) 0.905

Lutein/zeaxanthin −0.182(−0.277, −0.087) <0.001 −0.050(−0.116, 0.016) 0.137 −0.023(−0.089, 0.043) 0.493

Trans-lycopene −0.185(−0.269, −0.101) 0.000 −0.131(−0.190, −0.072) <0.001 −0.131(−0.190, −0.073) 0.000
Retinyl palmitate 0.140(−0.467, 0.187) 0.402 −0.087(−0.302, 0.128) 0.429 −0.063(−0.277, 0.150) 0.560

Retinyl stearate −0.055(−1.067, 0.957) 0.915 −0.051(−0.707, 0.606) 0.880 −0.019(−0.669, 0.631) 0.955

Retinol 0.297(0.247, 0.347) <0.001 −0.043(−0.079, −0.007) 0.020 −0.054(−0.090, −0.018) 0.004
α-tocopherol 0.002(0.000, 0.003) 0.013 0.000(−0.001, 0.001) 0.593 0.001(−0.001, 0.002) 0.347

Notes: aAdjusted covariates, Model 1: age + race; Model 2: Model 1 + Cholesterol + Cr + ALT + CRP; Model 3: Model 2 + History of smoking + History of heart disease + 
History of cancer; bβ coefficients was interpreted as change of log-transformed human epididymal secretory protein (pM) for each increase in different serum nutritional 
biomarkers. 
Abbreviations: CRP, C-reactive protein; ALT, alanine aminotransferase.
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and retinol. Although adjustment for confounders in Model 3 
reduced the magnitude of the effects, there were nonlinear 
increasing trends for these micronutrients with reductions in 
HE4 levels (p trend <0.01). These findings support micro
nutrients in the diet because a healthier lifestyle influenced 
the serum HE4 concentration. Focusing on gaps in knowl
edge, in this study, we were interested in the molecular 
signaling of α-carotene, trans-lycopene, retinol, and HE4.

HE4 was first recognized in the distal epididymis.13 It 
was also found in the glandular epithelium of the salivary 

glands, trachea, lung and nasal epithelium, distal renal 
tubules, vas deferens, and female genital tract.14 HE4, 
which is coexpressed with antileukoproteinase and pepti
dase inhibitor 3, may further take part in the innate immu
nity of the oro-, nasopharynx and respiratory tract.15 

Moreover, due to its significant correlation with interleu
kin-6 (IL-6), HE4 was used as an indicator of the onset of 
smell and/or taste disorder and the evaluation of multi
organ involvement in the clinical course of COVID-19.16 

In addition, HE4 is also a protease inhibitor that degrades 

Figure 2 Associations between serum nutritional biomarkers and human epididymis protein 4.
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type I collagen to prevent kidney fibrosis by decreasing 
serine protease activity.17

HE4 is capable of upregulating the expression of genes 
involved in anabolic and catabolic pathways in epithelial 
ovarian cancer cell lines, especially SKOV3 and OVCAR8 
cells via the MAPK/ERK, PI3K/AKT and hypoxia- 
inducible factor (HIF) 1α pathways.7 Moreover, it can 
suppress estrogen signaling in steroid biosynthesis.7 The 
mechanism includes epigenetic modification and nuclear 
importation.4 The differential expression of several genes 
involved in growth/proliferation, metastasis, chemoresis
tance, and steroid biosynthesis suggests that HE4 may 
ultimately contribute to tumorigenesis.7

Although making serum HE4 a new biomarker a reality is 
feasible, there are some factors that influence the accuracy of 
the HE4 concentration. The factors are as follows: parity, 
caffeine consumption, use of oral contraceptives, older age, 
smoking, and the impairment of renal function.18 Before using 
HE4 in clinical applications, there was still some information 
that needed to be determined.19 One question was to identify 
the lifestyle and biological factors that influence serum HE4 
concentration.19 Our study found independent inverse associa
tions between serum α-carotene, trans-lycopene, retinol 
and HE4.

Properties and Biological Activities of 
Microalgal Carotenoids
Most carotenoids are obtained from plants, vegetables, and 
fruits or are synthesized by microalgae. Most microalgae 
protect themselves from oxidative injury by transferring 
excess light energy and scavenging reactive oxygen spe
cies (ROS) to nearby chlorophyll–protein complexes.20 

Although carotenoids are mostly extracted from microal
gae that are involved in light-harvesting functions, their 
different and unique structures give them different 
properties.20 Scientists have reviewed their various antag
onistic biological activities, such as angiogenesis and 
inflammatory and oxidizing properties.20

Haematococcus pluvialis accumulates the orange–red 
pigment astaxanthin as the main carotenoid, as well as 
other related carotenoids, including β-carotene and 
lutein.20 Carotenoids produced by H. pluvialis are widely 
used in the prevention and treatment of benign prostatic 
hyperplasia and prostate and liver tumors.20 However, in 
our results, β-carotene and lutein did not show a significant 
effect on HE4 concentration. This may be due to the lower 
expression of HE4 in the prostate and liver.21

Dunaliella salina is well known for being rich in β- 
carotene, lutein, zeaxanthin and α-carotene. The beneficial 
effects of these carotenes include the prevention of colorectal 
cancer, acute and chronic coronary syndrome, and liver fibro
sis. The micronutrients contained in D. salina also act as 
provitamin A carotenoids that are converted into vitamin 
A.20 Therefore, they might share a similar effect on the HE4 
concentration. In our results, lutein/zeaxanthin showed 
a significant p value in adjusted Model 1 (Table 2), while β- 
carotene showed a significant p value in adjusted Models 1, 2 
and 3 (Table 2), although this effect was not apparent in the 
quartile-based analysis. In contrast, α-carotene had 
a significant effect on the HE4 concentration in the quartile- 
based analysis. Clinical trials have shown that isolating α- 
carotene is difficult given the ample amounts of β-carotene 
in fruits and vegetables.22 Therefore, our results have deter
mined the value of α-carotene on the effect of HE4 concentra
tion independent from β-carotene.

β-Carotene is the most studied provitamin A carotenoid 
in terms of its metabolic pathway and potential effects on 
health. Therefore, we chose β-carotene as the representative 
carotenoid. β-Carotene has antiangiogenic effects that can 
inhibit the formation of tumor-directed capillaries by altering 
serum cytokine levels.23 However, its anticarcinogenic activ
ity was found to be lower than those of α-carotene, β- 
cryptoxanthin, lutein, zeaxanthin, and lycopene.24 

Therefore, α-carotene and lycopene may have greater con
tributions than β-carotene to the HE4 concentration.

In addition, scientists have demonstrated that high 
serum concentrations of carotenoids obtained from food 
are associated with a decreased risk of chronic disease.25 

However, these benefits sometimes disappear when 
extracted from the plant matrix.22 For example, scientists 
have conducted two clinical trials and shown an increased 
lung cancer risk with high-dose β-carotene from food 
sources due to the increased formation of abnormal tissue 
in the lung.26,27 However, another study demonstrated that 
the median concentrations of β-carotene, lycopene and 
lutein reduced the risk of breast cancer.22 As a result, the 
effect of micronutrients on cancer might be concentration- 
and organ-dependent.

The Possible Mechanisms Associated with 
α-Carotene, Trans-Lycopene, Retinol and 
HE4
α-Carotene is a type of carotenoid and an important pre
cursor of vitamin A.28 It is a fat-soluble carotenoid 

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S327597                                                                                                                                                                                                                       

DovePress                                                                                                                       
4951

Dovepress                                                                                                                                                        Lim and Chen

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


pigment that is mostly found in yellow-orange and dark- 
green vegetables.29 In contrast to β-carotene, α-carotene is 
an aliphatic hydrocarbon that contains four terpene sub
units with a single retinyl group.28 It has antioxidant, 
anticarcinogenic, and cardiovascular protective 
properties.28 α-Carotene more efficiently inhibits invasion, 
migration, and adhesion, as well as the attenuation of the 
ERK, JNK and p38-Mapk pathways in human hepatocar
cinoma than does β-carotene.30

Trans-lycopene has greater anticancer ability than do 
other carotenoids.24 Although it lacks provitamin 
A activity, it has greater antioxidant potential than β- 
carotene and α-tocopherol.31 It is widely distributed in 
the body, including in the testes, liver, adrenal glands, 
and kidneys.22 In addition, it is associated with a reduced 
risk of prostate, bladder, cervical, gastrointestinal tract and 
breast cancers.22 In addition, it neutralizes free radicals 
before they destroy the collagen and elastin fibers in the 
skin. Therefore, it is also used as a skin supplement.32

In addition, both α-carotene and lycopene act as antiox
idants and blue light filters and can relieve sleep-related 
symptoms.33 Lycopene suppresses the proliferation of 
SKOV3 ovarian cancer cells and accelerates and induces 
apoptosis by regulating the expression of Bax and Bcl-2.34 

In addition, lycopene plays a role in delaying the S-phase 
transition and reducing G0/G1 phase in the cell cycle in 
ultraviolet-B-irradiated human keratinocytes.35 Scientists 
have demonstrated that lycopene improves heart function 
and ventricular remodeling by inhibiting myocardial- 
infarction-induced increases in MMP-9 and p38 activation 
and attenuating the nuclear factor-κb signaling pathway in 
the inflammatory response and in cardiomyocyte apoptosis.36

Retinol is the most common molecule converted to vita
min A and is enriched in the fat component of dairy 
products.37 It contributes to the differentiation of epithelial 
tissue and bone, as well as reproduction and the immune 
response.37 It also plays an important role in the gene tran
scription of the retinoic acid receptor (RAR).38 Scientists have 
demonstrated that the RAR gene is involved in nonrapid eye 
movement sleep in mouse sleep electroencephalograms 
(EEGs).39 Vitamin A and RAR antagonists can reverse shor
tened sleep-wake cycles.40 α-Carotene, trans-lycopene, and 
retinol, which showed similar effects on sleep-related symp
toms, might share similar effects on the concentration of HE4.

All-trans retinoic acid (ATRA), a vitamin A derivative, 
is the most important drug for treating acute promyelocytic 
leukemia by targeting PML/RARα abnormalities.41 It has 

therapeutic potential in several cancers: in colorectal can
cer, it can inhibit the activation of the MAPK/ERK signal
ing pathway; in melanoma, it can increase the expression 
of cyclin D1 mRNA; and in neuroblastoma, it can act via 
the PI3K and ERK1/2 pathways.42,43 In addition, ATRA 
promotes apoptosis, induces autophagy, and reverses the 
epithelial-mesenchymal transition by regulating Bcl-2 and 
its phosphorylated form in hepatocarcinoma cells.42

Limitations
Our study has several limitations. First, the major storage 
site of carotenoids is adipose tissue; therefore, adipose tissue 
would be a better predictor than would be concentrations in 
a blood analysis.44 However, we could only obtain blood 
profiles from the NHANES data. Second, we did not adjust 
the micronutrient levels based on body mass index (BMI) 
and alcohol levels.45 This is because both high alcohol levels 
and BMI were not significant confounders in our models. 
Third, we cannot determine the exact mechanism connecting 
α-carotene, trans-lycopene, retinol, and HE4. However, 
because both micronutrients and HE4 have an important 
role in the cancer field, these micronutrients may directly 
or indirectly impact HE4 via cell proliferation, metastasis, 
chemoresistance and steroid biosynthetic pathways.7

Conclusion
α-Carotene, trans-lycopene, and retinol were dose- 
dependent and negatively associated with HE4 concentra
tion. Supplement of micronutrients may reduce the levels 
of HE4 and the subsequent of ovarian cancer’s risk. 
Although HE4 plays a key role in ovarian cancer, its 
therapeutic target potential is still underinvestigated. 
Therefore, to generate a formula correlating HE4 with 
micronutrients for clinical practice, studies are needed in 
a variety of populations, including patients with higher 
parity, caffeine consumption, use of oral contraceptives, 
older age, heavy smoking, and impaired renal function.
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Survey; HE4, human epididymis protein 4; CA-125, cancer 
antigen 125; MAPK/ERK, mitogen activated protein kinase/ 
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National Center for Health Statistics; Cr, creatinine; ALT, 
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