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Background: Previous studies have reported that patients with diabetes mellitus (DM) have
a higher incidence of cognitive decline and an increased risk of developing all types of
dementia. The aim was to elucidate the association between serum human epididymal protein
4 and cognitive function in patients with DM.

Methods: Serum levels of HE4 were measured in 205 patients with DM. All DM patients
were followed up for a median period of 48 months (range=5-49) prospectively. Cox
proportional hazard analysis was used to evaluate the predictive value of serum HE4 for
predicting cognitive decline (end point).

Results: Multivariate linear regression analysis revealed that serum HE4 was independently
associated with MOCA score after adjusting for age, gender, BMI, current smoker, current
drinker, admission systolic and diastolic BP, CVD history and laboratory measurements in
patients with DM at baseline (Sp=—0.120; 95% CI, —0.151——0.069; P<0.001). The multivariate
Cox proportional hazard analysis revealed that serum HE4 (HR=2.408, 95% CI 1.669-5.238,
P<0.001) was an independent prognostic factor for cognitive decline in these DM patients.
Conclusion: Our results showed that serum HE4 was significantly and independently
associated with cognitive decline and had independent predictive value for cognitive decline
in patients with DM. Serum HE4 might enable early recognition of senile dementia among
DM patients.

Keywords: human epididymis protein 4, diabetes mellitus, cognitive decline, prognostic
value

Introduction
Persons with diabetes have been reported to hold a higher incidence of cognitive
decline and senile dementia, diabetes mellitus (DM) has been strongly associated
with an increased risk of developing all types of senile dementia.' ™ Existing studies
suggested that in most studies the incidence of “any dementia” was higher in
persons with diabetes than in those without diabetes.” There are methodological
limitations in some studies, but the association remains strong. Although the precise
mechanisms are currently poorly understood, increasing inflammation and oxidative
stress in DM play important role in causing an increased risk for cognitive decline.®
The early prediction of cognitive decline in patients with DM might provide an
opportunity to develop strategies to improve prognosis.

Human epididymis protein 4 (HE4), encoded by the WFDC2 gene located on
chromosome 20q12-13.1, is a secretory protein highly expressed in the human
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epididymis.” The HE4 sequence shows similarity to protei-
nase inhibitors, which suggests that HE4 may be involved in
sperm maturation.® The mature HE4 protein is a 2025 kDa
glycoprotein found in the cytoplasm and on membranes of
cells and in circulation. Studies have reported that HE4 is
highly expressed in malignant tumors such as ovarian can-
cer and endometrial cancer tumors.”'® Additionally, some
studies have shown that HE4 is moderately expressed in
multiple normal and abnormal tissues in the human body,
such as the respiratory tract, convoluted tubules of the

: - 11,12
kidney, and other tissues,

and it plays a very important
role in process related to immune defense. Other WFDC
proteins with antiproteinase activity have also been corre-
lated with inflammatory processes.'>™'® It has been widely
recognized that inflammation is involved in the occurrence
and development of cognitive decline.'®'” As a chronic
inflammatory disease, DM can hasten the progression of
cognitive decline and contribute to a higher rate of senile
dementia.'®"”

Given the close association between HE4 and

13—-15

inflammation, we hypothesized that HE4 may be

associated with cognitive decline in DM patients.
However, to date, no relevant study has explored the
relationship between serum HE4 and cognitive decline in
patients with DM. The aim of this study was to investigate
whether increased HE4 levels contribute to the increased
risk for cognitive decline, independent of confounding
factors. This was also the first study to explore the prog-
nostic value of HE4 for predicting cognitive function in

DM patients.

Materials and Methods

Study Population

We studied 205 hospitalized DM patients from Anding
and The
University in China because of DM between January
2015 and December 2016. All DM patients were stable
for three months without other serious acute illnesses

Hospital Second Hospital of Shandong

before admission. After standardized hospital treatment,
all DM patients were clinically stable during hospitaliza-
tion. All DM patients were prospectively followed up after
discharge. The diagnosis of DM was performed by two
endocrinologists who used the same diagnostic criteria for
these patients.”” Montreal Cognitive Assessment (MOCA)
was used for the treatment of mild cognitive impairment
(MCI) is a rapid screening assessment tool. The cognitive
areas of assessment include attention and concentration,

executive function, memory, language, visual structure
skills, abstract thinking, calculation and orientation. The
total score of the scale is 30 points, and patients with
a value of <26 points were considered as MCI. Of these
patients, 195 had a history of DM treatment. Patients with
neoplastic diseases, or other serious diseases were
excluded. Seven patients were excluded from the study
because of severe liver or lung diseases or ovarian cancer
or other malignant diseases.

The diagnosis of cardiovascular diseases (CVDs),
including coronary heart disease, hypertension, stroke
and others was based on the patient’s current or previous
medical records. Other data on clinical characteristics,
including age, gender, body mass index (BMI), current
smoking status, current alcohol consumption status,
blood pressure, were collected from patient interviews or
medical records. According to the Declaration of Helsinki
guidelines, the Ethics Committee of Anding Hospital and
the Second Hospital of Shandong University approved this

study, and all patients gave written informed consent.

Follow-Up

All patients were followed up for a median period of
48 months (range=5-49) prospectively. Patients were fol-
lowed up by telephone or review of the medical record
three times a year until the occurrence of MCI (end
points).

Measurement of HE4

Fasting venous blood samples from DM patients were
obtained in the early morning within the first 24 hours
after admission. The samples were prepared immediately
by centrifugation and processed for determination of HE4
levels. Serum HE4 levels were tested by electrochemilu-
minescence immunoassay (Cobas e 601, F. Hoffmann-La
Roche Ltd.). Samples with HE4 levels over 1500 pmol/L
were tested again (coefficient of variation of precision
[CV], <5%; measurement range, 15-1500 pmol/L; detec-
tion limit, 5 pmol/L).

Laboratory Measurements

The venous blood samples drawn from the DM patients in
the early morning within the first 24 hours after admission
were also tested for hemoglobin (Hb), fasting blood glu-
cose (FBG), HbAlc (glycosylated hemoglobin), high-den-
sity lipoprotein (HDL), LDL (low-density lipoprotein), hs-
CRP (hs-C-reactive protein) and albumin (ALB) with the
use of the Siemens ADVIA 2400 automatic biochemistry
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analyzer (Siemens AG). The Modification of Diet in Renal
Disease (MDRD) formula was used to calculate estimated
glomerular filtration rate (eGFR).*'

Statistical Analyses
The normality of the data was analyzed by the
Kolmogorov—Smirnov test combined with Q-Q plots.
The data that were not normally distributed were
expressed as the median (interquartile range [IQR]) and
analyzed by the Mann—Whitney U-test. Data are presented
as the mean + SD for normally distributed data and were
analyzed by independent #-test. Categorical variables were
analyzed by the chi-square test. Multivariate linear regres-
sion analysis was performed to identify the independent
association between serum HE4 levels and cognitive func-
tion (MOCA score) in DM patients at baseline. The Cox
proportional hazard model was used to identify the inde-
pendent prognostic factors for cognitive decline in patients
with DM. The factors (P<0.05) by univariate analysis were
entered into the Cox proportional hazard analyses. In
addition, we also adjusted for clinical data relevant to
DM and cognitive function even if the factors were not
significantly associated with cognitive decline in the uni-
variate analysis because they are key clinical variables and
may be associated with cognitive decline in the multi-
variate but not univariate analyses. All of the analyses
were performed by using SPSS 22.0. P < 0.05 was con-
sidered to be statistically significant.

Results
Clinical Characteristics of Study Subjects
at Baseline (N=205)

In order to evaluate the serum levels of HE4 in DM
patients, 196 age-and gender-matched subjects, who have
undergone physical examination without DM and any
other severe illnesses, were selected as the control group.
Our results showed that serum HE4 levels were signifi-
cantly higher compared with control subjects (Table 1).
The clinical characteristics of patients with DM are
presented in Table 2. The age of all DM patients was

65.6 (60.3-76.0) years and males were 99 (48.3%).
MOCA score was 25.4+3.2 in patients with DM.

Serum HE4 Showed an Independent
Association with MOCA Score in 205
Patients with DM

To determine the association of serum HE4 levels in DM
patients with MOCA score, multivariate linear regression
analyses were performed (Table 3). Model 1 indicated that
higher serum HE4 levels were significantly associated
with MOCA score after no adjustment. After adjusting
for age, gender, BMI, current smoker, current drinker,
admission systolic and diastolic BP and CVD history, the
results of Model 2 were similar to those of Model 1. This
association remained statistically significant and changed
minimally after adding
Model 2 (Model 3).

laboratory measurements to

Cox Proportional Hazard Analyses of
Cognitive Decline Prediction in 205

Patients with DM
All included DM patients (N=205) were prospectively fol-
lowed up for a median period of 48 months (range=5-49).
Cognitive decline (MCI) occurred in 47 of the included DM
patients. To determine the risk factors for cognitive decline,
univariate and multivariate Cox proportional hazard regres-
sion analyses were performed (Table 4). Multivariate Cox
proportional hazard analysis revealed that HE4 (HR=2.408,
95% CI 1.669-5.238, P<0.001) was an independent prog-
nostic factor for cognitive decline after adjustment for age,
gender, BMI, current smoker, current drinker, admission
systolic and diastolic BP, CVD history and laboratory mea-
surements. Kaplan-Meier analysis demonstrated that DM
patients with serum HE4 levels above the mean had
a significantly higher rate of MCI events than patients
with serum HE4 levels below the mean value (Log rank
test, P<0.001, data not shown).

We performed an additional sensitivity analysis to
evaluate the association of serum HE4 with cognitive

Table | Baseline Characteristics of Patients with DM and Control Subjects

Control Subjects (n=196) Patients with DM (n=205) P value
Age (years) 64.7 (59.6-75.3) 65.6 (60.3-76.0) 0.213
Gender (male), n (%) 102 (48.1) 99 (48.3) 0.847
HE4 (pmol/L) 54.6+12.4 96+15.8 <0.001

Abbreviations: DM, diabetes mellitus; HE4, human epididymal protein 4.
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Table 2 Clinical Characteristics in 205 DM Patients at Baseline

Variables All DM Patients (n=205)

Age (years) 65.6 (60.3-76.0)

Gender (male), n (%) 99 (48.3)
BMI (kg/m2) 27.1 (24.5-28.6)
Current smoker, n (%) 42 (20.5)
Current drinker, n (%) 58 (28.3)

Admission systolic BP (mmHg) 134.8 (121.7-152.6)

Admission diastolic BP (mmHg) 86.5 (81.6-95.8)

DM treatment, n (%) 195 (95.1)
MOCA score 25.4+3.2
Cognitive decline, n (%) 47 (22.9)
CVD history
Hypertension, n (%) 144 (70.2)
Coronary heart disease, n (%) 39 (19.0)
Stroke, n (%) 37 (18.0)
Others, n (%) 8 (3.9)

Laboratory measurements

eGFR (mL/min/1.73 m?) 57.4 (55.2-59.3)

Hs-CRP (pg/mL) 6.4 (2.6-12.5)
Hb (g/L) 105 (91-119)
ALB (g/L) 35.7 (33.4-45.8)
FBG (mmol/L) 12.442.1

HbAlc (%) 6.9 (5.9-8.3)
HDL (mmol/L) 1.3+0.20

LDL (mmol/L) 254101

HE4 (pmol/L) 54.6+12.4

Notes: Data are presented as mean * SD for normally distributed data, as median
(interquartile range) for nonnormally distributed data, and as n (%) for categoric
variables.

Abbreviations: DM, diabetes mellitus; MOCA, montreal cognitive assessment;
BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; eGFR,
estimated glomerular filtration rate; Hb, hemoglobin; hs-CRP, hs-C-reactive protein;
ALB, albumin; FBG, fasting blood glucose on admission; HbAl ¢, glycosylated hemo-
globin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HE4, human
epididymal protein 4.

decline in DM patients by adding DM treatment as a
covariate (Table 5). The sensitivity analysis showed that
higher HE4 levels were still independently associated with

Table 3 The Association Between the HE4 and MOCA Score in
205 Patients with DM by Multivariate Linear Regression Analysis

Variables R? Sp 95% CI P value
HE4 (pmol/L)
Model | 0.044 —0.161 —0.215--0.094 <0.001
Model 2 0.062 —0.152 | —0.186— - 0.087 <0.001
Model 3 0.153 —0.120 | — 0.151--0.069 <0.001

Notes: Model I: No adjustment. Model 2: Adjusted for age, gender, BMI, current
smoker, current drinker, admission systolic and diastolic BP and CVD history. Model
3: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic
and diastolic BP, CVD history and laboratory measurements.

Abbreviations: HE4, human epididymal protein 4; DM, diabetes mellitus; MOCA,
montreal cognitive assessment; BMI, body mass index; BP, blood pressure.

a higher risk of cognitive decline. Stratified analysis also
showed that the significant association between serum
HE4 levels and MCI (end points) in DM patients was
not affective by CVD history (Table 6).

Discussion

Our results in this study suggested that Multivariate Cox
proportional hazard analysis suggested that HE4 was an inde-
pendent prognostic factor for cognitive decline in DM patients.

In our study, we first showed that serum HE4 had a close
association with MOCA score at baseline and cognitive
decline after a follow-up of 4 years, which may be partly
or mostly explained by the mechanistic research performed
in previous studies.”>>* These studies have demonstrated
that chronic vascular inflammation caused by DM promotes
events of cognitive decline.”? ?* The increased HE4 levels
may be the result of the aggravation of inflammation in DM
patients, which suggested that higher serum HE4 levels
were associated with cognitive decline in DM patients.
Although previous studies have proven that HE4 is not
overexpressed in normal or abnormal cardiovascular
tissues.?>* Increased HE4 levels are not mainly attributa-
ble to pathological changes in cardiovascular (CV) tissue
itself. The mechanism of chronic inflammation may be a
better explanation of increased HE4, which is consistent
with our hypothesis and results. Additionally, some studies
have suggested that increased HE4 levels are closely related
to renal dysfunction.””** The eGFR of our DM patients
was normal, so the influence of renal function abnormalities
on our results was excluded. Studies have also reported that
HE4 is associated with cancer (ovarian, cervical, lung,
breast, etc.) and some other serious diseases.”'® To elim-
inate the impact of the diseases on this study, DM patients
with these diseases were excluded from the baseline assess-
ment. It is of great clinical significance to determine the
independent risk factors or predictors of cognitive decline
in DM patients. The early detection of cognitive decline in
these patients may provide an opportunity to develop stra-
tegies aiming to reduce the medical burden and improve
prognosis. Our results seemed to imply that serum HE4
might be a highly sensitive biomarker for the early recogni-
tion of cognitive decline in DM patients.

This study has some notable strengths. We first found
that serum HE4 can be used as an effective prognostic factor
for cognitive decline in patients with DM, and the serum
test is simple and convenient for patients. Additionally, the
study population exhibited a broad spectrum of risks,
including primary and secondary prevention populations.
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Table 4 Cox Proportional Hazard Analysis for Predicting Cognitive Decline in 205 Patients with DM

Variables Model | Model 2 Model 3

HE4 (pmol/L)
Quartile | 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 1.912 (1.301-3.610) 1.752 (1.213-3.105) 1.578 (1.227-3.001)
Quartile 3 2.350 (1.632—4.141) 2.015 (1.423-3.901) 1.816 (1.335-3.214)
Quartile 4 2.761 (2.010-6.042) 2.672 (1.864-5.548) 2.408 (1.669-5.238)

P-trend <0.001 <0.001 <0.001

Notes: Model |: No adjustment. Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP and CVD history. Model 3:

Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP, CVD history and laboratory measurements.

Abbreviations: HE4, human epididymal protein 4; DM, diabetes mellitus; MOCA, montreal cognitive assessment; BMI, body mass index; BP, blood pressure.

Table 5 Cox Proportional Hazard for Predicting Cognitive Decline in 205 Patients with DM by Sensitivity Analysis

Variables Model | Model 2 Model 3

HE4 (pmol/L)
Quartile | 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 1.701 (1.270-3.408) 1.522 (1.202-2.831) 1.349 (1.192-2.624)
Quartile 3 2.132 (1.420-3.740) 1.841 (1.318-3.542) 1.605 (1.227-3.144)
Quartile 4 2.570 (1.972—4.135) 2.347 (1.749-3.946) 2.219 (1.603-3.617)

P-trend <0.001 <0.001 <0.001

Notes: Model |: DM treatment. Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP, CVD history and DM treatment.

Model 3: Adjusted for age, gender;, BMI, current smoker, current drinker, admission systolic and diastolic BF, CVD history, laboratory measurements and DM treatment.
Abbreviations: HE4, human epididymal protein 4; DM, diabetes mellitus; MOCA, montreal cognitive assessment; BMI, body mass index; BP, blood pressure.

Table 6 Cox Proportional Hazard for Predicting Cognitive Decline in 208 Patients with DM by Stratified Analysis

P value <0.001

Variables Model | Model 2 Model 3
CVD history
HE4 (per 1-SD increase) 2.247 (1.640-3.703) 2.041 (1.526-3.521) 1.812 (1.446-3.109)

<0.001 <0.001

No CVD history
HE4 (per 1-SD increase) 1.993 (1.375-3.534)
P value 0.004

1.748 (1.300-3.217) 1.538 (1.206-2.994)
0.009 0.017

Notes: Model |: No adjustment. Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP and CVD history. Model 3:
Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP, CVD history and laboratory measurements.
Abbreviations: HE4, human epididymal protein 4; DM, diabetes mellitus; MOCA, montreal cognitive assessment; BMI, body mass index; BP, blood pressure.

We ensured comprehensive follow-up and rigorous adjudi-
cation of CV events. Additionally, the HE4 assay chosen for
this analysis is both widely available and analytically stable
(coefficient of variation of precision <5%).

Limitations

The limitation of the study is the small sample size.
More studies must be performed to identify the value
of serum HE4 for predicting cognitive decline. Given
the close relationships between serum HE4 and many
malignant tumors or renal function, the results of this
study are not applicable to the general population.

Conclusions

Serum HE4 is an independent prognostic factor for pre-
dicting cognitive decline in patients with DM. Serum HE4
might enable the early recognition of DM patients at risk
of developing senile dementia.
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