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Abstract: Individuals with metabolic syndrome (MetS) are known to have an increased risk of carcino-
genesis. Human epididymis protein 4 (HE4) is a tumor marker and prognostic factor for epithelial
ovarian carcinoma (EOC) patients. However, no studies have evaluated the association between
MetS and HE4 levels. This study aimed to evaluate the relationship between HE4 levels and MetS in
the National Health and Nutrition Examination Survey (NHANES 2001–2002). This cross-sectional
analysis assessed all five components of MetS and HE4 levels in 2104 females (age ≥20 years) from
the NHANES dataset. MetS was defined according to the National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATPIII) criteria. The analysis indicated MetS in 593 individuals,
and the β coefficient of their HE4 levels was 0.097 (95% CIs, 0.028–0.166, p = 0.006). Specifically,
the β coefficients of the HE4 levels of participants with 1, 2, 3, and ≥4 features of MetS were 0.072
(95% confidence interval (CI): −0.015–0.159), 0.125 (95% CI: 0.030–0.220), 0.161 (95% CI: 0.053–0.270),
and 0.242 (95% CI: 0.117–0.368), respectively, and all p values were <0.001. The p-value for the trend
was <0.001. There was a significant association between the presence of MetS and HE4 levels. There
were positive relationships between HE4 levels and an increased number of MetS components (with
1, 2, 3, and ≥4 features of MetS, all p values <0.001). Among the MetS components, low high-density
lipoprotein levels and high triglyceride levels were independently associated with HE4 levels.

Keywords: human epididymis protein 4; 2 metabolic syndrome components; 3 carcinogenesis

1. Introduction

Metabolic syndrome (MetS) is a clustering of hyperglycemia, hyperlipidemia, hyper-
tension, and central obesity, as suggested by the National Cholesterol Education Program
(NCEP). Many studies have associated MetS with cardiovascular diseases and type 2
diabetes mellitus (T2DM) [1,2]. Based on previous studies, chronic inflammation and
insulin resistance were core mechanisms underlying the pathophysiology of MetS [3,4].
The prevalence of MetS in the US from 2011 to 2016 (aged ≥20 years) was 34.7% based on
the National Health and Nutrition Examination Survey (NHANES) [5]. Owing to the rising
that impaired energy metabolism and genomic instability might be the primary cause of
cancer, many researchers have examined the association between MetS and cancer [6–8].
Numerous studies showed that oxidative stress, chronic inflammation, and angiogenesis in
MetS individuals led to carcinogenesis [9,10]. The synergistic metabolic effects among the
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MetS components also increase the carcinogenesis risk in such patients [11]. For instance,
Chen et al. associated alpha-fetoprotein levels with an increased risk of MetS [12]. Du et al.
also associated serum carbohydrate antigen 19-9 with an increased risk of prevalent T2DM
and MetS [13]. Furthermore, Kim et al. demonstrated a positive association between MetS
and elevation of serum carcinoembryonic antigen [14]. These previous studies all confirm
the potential carcinogenesis in individuals with MetS.

Human epididymis protein 4 (HE4) is a member of the whey acidic four-disulfide
core family, and the WFDC2 gene encodes it in humans [15]. The HE4 gene is expressed
in several normal tissues, including the human epididymis, trachea, salivary gland, lung,
prostate, and kidney [16]. Numerous studies have shown that HE4 was a valuable tumor
marker for the early diagnosis of ovarian malignancies [15,17,18]. Moreover, Lee et al.
indicated that HE4 overexpression induces chemo resistance. Therefore, HE4 overexpres-
sion is associated with a worse prognosis for epithelial ovarian carcinoma (EOC) [19].
Furthermore, HE4 is included in the risk of ovarian malignancy algorithm (ROMA) value,
indicating a high risk of finding EOC with values of 1.14 or greater [20]. In summary, HE4
is not only a tumor marker in the ROMA value but is also associated with chemo resistance
and a worse prognosis in EOC.

Some studies associated each MetS component with HE4 levels, but none analyzed
the relationship between MetS with HE4 levels [21]. Therefore, our study aimed to clarify
the relationship of HE4 levels with MetS in the US general population according to the
NHANES database.

2. Materials and Methods
2.1. Study Population

We selected adults (age ≥ 20 years) from the NHANES 2001–2002 who underwent
detailed household interviews, including demographic and socioeconomic information,
nutritional assessments, and physical examinations carried out by trained medical staff.
The NHANES is a multi-stage, nationally representative, cross-sectional study carried out
and approved by the US NCHS [22]. Continuous NHANES refers to the survey after 1999,
when the survey moved to continuous data collection in two-year cycles. The laboratory
data designed in NHANES 2001–2002 included males and females for serum triglycerides
(TG), high-density lipoprotein (HDL), C-reactive protein, glycohemoglobin, etc. However,
the laboratory data designed in NHANES 2001–2002 about serum HE4 and cancer antigen
125 (CA-125) were only for women [23]. The total number of participants was 11,039
(female number was 5887; serum HE4 collected only from female participants), and we
enrolled 2104 female subjects for the final analyses. Our enrollments were only females
aged ≥ 20 years because of the NHANES 2001–2002 study design regarding HE4 levels [23].
We excluded subjects with missing information, particularly about experiencing angina,
coronary artery disease (CAD) history, smoking history, body mass index (BMI), MetS
components, and values of serum creatinine, aspartate aminotransferase (AST), and HE4.

2.2. Definitions of Metabolic Syndrome

The definition of MetS in our study was based on the US NCEP Adult Treatment Panel
III (ATP-III), which defined MetS if at least three out of five criteria are met: central adipos-
ity/waist circumference ≥ 88 cm for women, systolic blood pressure (SBP) ≥ 130 mmHg or
diastolic blood pressure (DBP) ≥ 85 mmHg, serum HDL ≤ 50 mg/dL for women, fasting
blood sugar ≥ 100 mg/dL, and fasting TG ≥ 150 mg/dL [24].

2.3. Measurement: Covariates and Serum Human Epididymis Protein 4

Our study participants were interviewed to collect information, including age, race/
ethnicity, smoking history, CAD history, BMI, AST (U/L), and serum creatinine (mg/dL).
Blood sample analyses for HE4 were performed in the Genital Tract Biology Laboratory
(Brigham and Women’s Hospital, Lab Director Fichorova) using the Meso Scale Discovery
electrochemiluminescence immunoassay platform. The eligible samples were taken from
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female participants with consent forms for further studies from the NHANES study during
2001–2002. Quality control (QC) pools were prepared and split into multiple aliquots, and
acceptable QC pool variation was set at 25%. The linearity range for HE4 was 3600–0.55 pM,
and all samples were tested undiluted.

2.4. Statistical Analysis

Statistical analysis was done using the Statistical Product and Service Solutions,
version 18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were presented as
mean ± standard deviation, while nominal and ordinal data were presented as percent-
ages. Demographic characteristics were compared using the ANOVA tests for normally
distributed continuous variables, Kruskal–Wallis test for continuous variables without
normally distributed, and the Chi-square test for discrete variables. Since HE4 levels were
not normally distributed, a logarithmic transformation was performed to normalize the
distributions of HE4 levels. The association of HE4 levels with presence of MetS and
its components were assessed via multivariate analyses. Model 1 was not adjusted for
other variables, whereas model 2 was adjusted for age, race/ethnicity, BMI, serum AST,
creatinine, and history of CAD.

2.5. Ethics Statement

We derived the information in our study from the NHANES 2001–2002 database. The
National Center for Health Statistics (NCHS) approved the study protocol; the approved
date is 29 November 2017. The NCHS is part of the Centers for Disease Control and
Prevention (CDC) and is responsible for producing national health statistics. Participants
provided informed consent before undergoing data collection procedures and a series of
health examinations.

3. Results

After the inclusion and exclusion criteria, this study analyzed 2104 female participants
from the NHANES database. Table 1 shows the clinical characteristics of the study pop-
ulation. A total of 593 subjects met the MetS criteria, while there were 1511 individuals
without MetS. In addition, there were 641 (30.5%), 1349 (64.1%), 721 (34.3%), 651 (30.9%),
and 363 (17.3%) patients that met each ATP-III defined MetS criteria: high blood pressure,
abdominal obesity, low HDL cholesterol, high triglycerides, and hyperglycemia, respec-
tively. As shown in Table 1, HE4 levels were significantly higher among MetS subjects with
HE4 levels of 25.05 ± 22.49 pM than those without MetS (p < 0.001). MetS participants also
had significantly higher levels of fasting glucose, TG, AST, and creatinine, whereas those
without MetS had lower SBP, DBP, waist, BMI, and age. Compared to the MetS group,
significantly fewer individuals without MetS were diagnosed with CAD or chronic kidney
disease (CKD).

Table 2 shows the regression coefficients of the presence and number of metabolic
syndrome components for HE4 level. Table 2 shows the regression coefficients of the
presence and number of metabolic syndrome components for HE4 level. There were
influences of individual parameters on HE4 levels in model 1, such as age, race/ethnicity,
BMI, serum AST and creatinine, history of CAD, and cigarette smoking. We adjusted for
these covariates in model 2. The β coefficients of the HE4 levels of MetS individuals were
0.281 (95% confidence interval [CI]: 0.208–0.355, p < 0.001) in model 1 and 0.097 (95% CIs,
0.028–0.166, p = 0.006) in model 2. The β coefficients of HE4 levels of participants with 1, 2, 3,
and ≥4 features of MetS in model 2 were 0.072 (95% confidence interval (CI): −0.015–0.159),
0.125 (95% CI: 0.030–0.220), 0.161 (95% CI: 0.053–0.270) and 0.242 (95% CI: 0.117–0.368),
respectively, and all p values were all <0.001. Furthermore, the p-value for the trend was
<0.001. These results demonstrated a significant association between MetS and HE4 levels
in unadjusted and adjusted models. Furthermore, HE4 levels were positive associated with
participants with 1, 2, 3, and ≥4 features of MetS among our study participants.
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Table 1. Characteristics of participants with or without metabolic syndrome.

Variables
Metabolic Syndrome

p Value
Yes (n = 593) No (n = 1511)

a Continuous variables,
mean ± SD
HE4 (pM) 25.05 ± 22.49 18.86 ± 22.87 <0.001
Age (year) 56.83 ± 17.66 43.90 ± 18.22 <0.001

Fasting glucose (mg/dL) 110.66 ± 44.33 86.13 ± 16.49 <0.001
Waist (cm) 104.47 ± 13.51 90.50 ± 14.27 <0.001

Triglyceride (mg/dL) 211.11 ± 120.65 107.94 ± 58.52 <0.001
HDL-C (mg/dL) 47.55 ± 13.34 61.81 ± 15.57 <0.001

Systolic blood pressure (mmHg) 139.16 ± 24.23 120.44 ± 21.49 <0.001
Diastolic blood pressure (mmHg) 72.21 ± 15.38 68.80 ± 12.35 <0.001

BMI (kg/m2) 31.78 ± 6.52 26.96 ± 6.17 <0.001
AST (U/L) 23.08 ± 10.89 21.71 ± 8.00 0.001

Creatinine (mg/dL) 0.82 ± 0.31 0.76 ± 0.48 0.008
b Categorical variables (%)

Race
Non-Hispanic white 52.4 54.9 0.052
Non-Hispanic black 15.3 17.8 0.052

Other 3.7 3.6 0.052
Smoking 42.0 38.9 0.326

Ever had diagnosis
Coronary heart disease 4.4 2.2 0.002
Chronic kidney disease 6.2 2.1 <0.001

a Continuous variables were compared using Student’s t-test. b Categorical variables were compared using
Chi-square or Fisher’s exact test and expressed as no. (%). Definition of abbreviations: HE4 = human epididymal
protein 4, HDL-C = high-density lipoprotein cholesterol, BMI = body mass index, AST = Aspartate transaminase.

Table 2. Regression coefficients of the presence and number of metabolic syndrome components for
human epididymal protein 4 level.

Variables
Model 1 Model 2

p Value
β (95% CI) p Value β (95% CI)

Presence of metabolic syndrome 0.281 (0.208, 0.355) <0.001 0.097 (0.028, 0.166) 0.006

Number of metabolic syndrome components

1 0.121 (0.023, 0.219) 0.016 0.072 (−0.015, 0.159) <0.001
2 0.149 (0.050, 0.248) 0.003 0.125 (0.030, 0.220) <0.001
3 0.320 (0.211, 0.429) <0.001 0.161 (0.053, 0.270) <0.001

4 or 5 0.484 (0.357, 0.610) <0.001 0.242 (0.117, 0.368) <0.001

p for trend <0.001 <0.001

Model 1 = unadjusted. Model 2 = Model 1 + age, race-ethnicity, BMI, serum AST and creatinine, history of
coronary heart disease, cigarette smoking. Definition of abbreviations: BMI = body mass index, AST = Aspartate
transaminase.

Table 3 shows that low HDL levels and high TG levels were significantly associated
with HE4 levels in the adjusted models (p < 0.01). High blood pressure and high serum glu-
cose levels were associated with HE4 levels before adjusting for covariates, but this became
insignificant after adjusting for covariates. The last component of MetS, abdominal obesity,
was not significantly associated with HE4 levels in both unadjusted and adjusted models.
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Table 3. Regression coefficients of each metabolic syndrome component for human epididymal
protein 4 level.

Variables
Model 1 Model 2

p Value
β (95% CI) p Value β (95% CI)

Components of metabolic syndrome
Abdominal obesity −0.056 (−0.168, 0.057) 0.332 −0.077 (−0.171, 0.016) 0.105

High blood pressure 0.439 (0.369, 0.509) <0.001 0.037 (−0.036, 0.110) 0.317
High triglycerides 0.172 (0.100, 0.243) <0.001 0.107 (0.045, 0.168) 0.001

Low HDL-C 0.060 (−0.010, 0.130) 0.095 0.105 (0.045, 0.165) 0.001
Hyperglycemia 0.274 (0.186, 0.363) <0.001 0.059 (−0.021, 0.139) 0.146

p for trend <0.001 <0.001

Model 1 = unadjusted. Model 2 = Model 1 + age, race-ethnicity, BMI, serum AST and creatinine, history of coronary
heart disease, cigarette smoking. Definition of abbreviations: HDL-C = high-density lipoprotein cholesterol,
BMI = body mass index, AST = Aspartate transaminase.

4. Discussion

Among US female adults from the NHANES dataset, we found that the presence of
MetS was significantly associated with HE4 levels. We also noticed a positive relationship
between HE4 levels and an increased number of MetS components. These associations
remained significant after adjusting for covariates. Particularly, low HDL levels and high
TG levels had the strongest associations with HE4 levels among the other MetS components.

In a study by Zhang, serum HE4 was negatively correlated with HDL, positively
correlated with blood pressure, but not correlated with TG and serum glucose in T2DM
patients [21]. Huang et al. demonstrated that diabetes and dialysis patients had higher HE4
levels than healthy individuals. They also reported that high HE4 levels were associated
with high SBP, but had no difference in TG, HDL, and fasting glucose levels [25]. Qu et al.
identified age, postmenopausal status, and smoking habits as factors that potentially
contribute to HE4 levels based on many other studies [26–30]. Furthermore, Bolstad et al.
reported that, compared to the BMI of 20 individuals, 10% lower HE4 levels were at BMI
of 30 individuals [26]. Collectively, the association among each MetS component with
HE4 levels is inconclusive. However, HE4 levels were positively associated with age,
postmenopausal status, and smoking habits but negatively associated with BMI. Thus, the
covariates in our study included age, BMI, and smoking history.

The most prominent finding in our analysis was that the presence of MetS was sig-
nificantly associated with HE4 levels (adjusted β coefficient: 0.097, 95% CI: 0.028–0.166,
p = 0.006); there was also a positive relationship between HE4 levels and an increased
number of MetS components. The adjusted β coefficients of HE4 levels of participants with
1, 2, 3, and ≥4 components of MetS were 0.072, 0.125, 0.161, and 0.242, respectively, and all
p values were <0.001.

MetS is a condition with increased macrophage infiltration, which implies the involve-
ment of interleukin 6 (IL-6) and tumor necrosis factor-alpha (TNF-α) [31]. Feingold et al.
reported that IL-6 and TNF-α stimulate lipolysis and increase the flow of free fatty acids
to the liver, which help induce hepatic TG synthesis and hypertriglyceridemia [32]. In
addition, Bene et al. also reported that TNF-α upregulated HE4 expression with elevated
IL-6 [33]. These mechanisms could explain the positive associations among HE4 levels,
hypertriglyceridemia, and MetS that we found in our study. Our study also indicated
that low HDL levels were significantly associated with HE4 levels. Nardo et al. indi-
cated that HDL attenuates the toll-like receptor (TLR)-mediated inflammatory response
in macrophages, releasing IL-6 and TNF [34]. Macpherson et al. also reported that HDL
suppressed TLR2-induced TNF release in immunodeficient patients [35]. In summary,
low HDL levels contribute to a TLR2-mediated pro-inflammatory status, leading to high
HE4 levels.

On the other hand, HE4 levels significantly positively correlated with blood pressure
and hyperglycemia, but this relationship was not significant after adjusting for covariates.
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Numerous studies have shown that HE4 levels were positively associated with creatinine
levels [26,36,37]. In our study, a higher percentage of individuals with MetS was diagnosed
with CKD (p < 0.001) and had higher creatinine levels (p < 0.008). These findings may
indicate that the elevated creatinine levels resulting from hypertension or hyperglycemia
had a more significant influence on HE4 levels.

The serum HE4 level, a better diagnostic biomarker than CA-125 in EOC patients, were
included in the ROMA score to differentiate benign ovarian tumors from EOC [26,38,39].
A previous study found that HE4 levels had similar sensitivity but higher specificity than
CA125 for diagnosing recurrent EOC [40]. Our study showed a significant association
between the presence of MetS and HE4 levels and a linear increase in HE4 levels associated
with the number of MetS components. These results from NHANES database may suggest
a positive relationship between MetS and EOC in female individuals. However, Bjørge et al.
reported that there was no overall association between MetS and ovarian cancer risk. They
also indicated that increased cholesterol levels, blood pressure, and BMI increased the risks
of mucinous and endometrioid tumors and EOC mortality in women aged ≥50 years [41].

Moreover, Michels et al. indicated that women meeting the MetS criteria had a reduced
EOC risk; and impaired fasting glucose was also associated with reduced risk (odds ratio:
0.90, 95% CI: 0.87–0.93) [42]. They also showed that compared to women without any
MetS components, having 1–2 syndrome components was associated with increased EOC
risk, but having ≥3 syndrome components was not. In summary, the relationship of
MetS with EOC is inconclusive. However, our study might suggest a positive correlation
between MetS and EOC, based on a strong linear increase in HE4 levels with an increase in
MetS components.

However, this study still has several limitations. Firstly, we could only measure serum
HE4 levels in a subset of patients from the NHANES dataset who had baseline plasma
samples available. Our eligible samples were only from female participants because of the
NHANES 2001–2002 study design regarding HE4 levels. Thus, we were unable to analyze
the associations between HE4 levels and MetS in male participants. Based on the previous
studies included both sexes as mentioned earlier, there were positive associations among
HE4 levels, hypertriglyceridemia, and MetS whereas, there was a negative association
between HDL and HE4 levels [31–35]. Thus, it is possible to infer a significant association
between the presence of MetS and HE4 levels in males. In addition, it is also possible to infer
low HDL levels and high TG levels are associated with HE4 levels in males. Secondly, there
may have been some aspects of HE4 levels not included in our covariates. For example,
Kluz et al. analyzed HE4 concentration during the various stages of pregnancy and found
that HE4 is lowest during the first trimester pregnancies [43]. Lastly, this is a retrospective
cross-sectional study, and further prospective studies include both sexes are required to
confirm our findings.

5. Conclusions

In conclusion, our findings suggested a significant association between the presence
of MetS and HE4 levels. HE4 levels were positively related to an increased number of
MetS components (with 1, 2, 3, and ≥4 features of MetS, all p < 0.001). Among the MetS
components, low HDL levels and high TG levels were independently associated with
HE4 levels.
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