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Background: The association between misfolded proteins presented in the urine of

pregnant women and pregnancy outcomes associated with early-onset pre-eclampsia

(PE) remains unclear. This study aimed to investigate this association to examine the

predictive value of urinary congophilia in the prognostication of pregnancy outcomes in

this patient group in the Chinese population.

Materials and Methods: This study included 1,397 patients, of which 46, 147, and

8 patients had gestational hypertension, PE, and chronic hypertension, respectively,

and 1,196 were healthy controls undergoing the CapCord test for urinary congophilia.

Patients with PE were divided into early- and late-onset groups. Patients with early-onset

PE were further divided into iatrogenic prematurity and full-term delivery groups, the

rates of urinary congophilia were compared between the groups; additionally, this

patient group was divided into positive and negative urinary congophilia groups, clinical

characteristics and pregnancy outcomeswere compared between the groups. Univariate

and multivariate logistic regression analyses were performed.

Results: A total of 113 (76.9%) of 147 patients in the PE group had urinary congophilia;

this rate was higher than that observed in the other three groups (χ2 = 780.892, p <

0.001). Gestational age in the early-onset PE group at both onset and delivery was lower

than that in the late-onset PE group (p < 0.001). The rates of iatrogenic prematurity and

hemolysis, elevated liver enzymes, and low platelet count syndrome were both higher

in the early-onset PE group than in the late-onset PE group (p < 0.001, p < 0.05). In

addition, the rate of urinary congophilia in the early-onset PE group was higher than

that in the late-onset PE group (χ2 = 13.297, p < 0.001). Urinary congophilia was an

independent risk factor for iatrogenic prematurity among patients with early-onset PE in

both univariate [odds ratio (OR) 17.143, 95% confidence interval (CI): 4.719–62.271; p

< 0.001] and multivariate (OR 18.174; 95% CI: 4.460–74.063; p < 0.001) analyses.

Patients with early-onset PE and urinary congophilia were more likely than their

counterparts without urinary congophilia to deliver at a lower gestational age, present

with iatrogenic prematurity, and have a shorter latency period between onset and delivery.
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Conclusion: Urinary congophilia confirmed with the CapCord test may help predict

pregnancy outcomes in patients with early-onset PE.

Keywords: congophilia, misfolded protein, early-onset pre-eclampsia, late-onset pre-eclampsia, pregnancy

outcome

INTRODUCTION

Pre-eclampsia (PE) is the leading contributor to maternal
and fetal mortality worldwide (1). It is defined as new-onset
hypertension and proteinuria after 20 weeks of gestation (2),
accounting for 17–24% of maternal deaths in low-income
settings (3). Untreated PE may lead to eclampsia, renal damage,
cerebrovascular accidents, microangiopathic hemolytic anemia,
liver failure, and pulmonary edema, all of which increase the
risk of maternal death (4, 5). Delivery is the only effective
treatment for PE; however, preventing stillbirth and iatrogenic
prematurity remains a challenge. Depending on the gestational
age at onset, PE is classified as early- (or placental) or late-
onset (or maternal) (6, 7); these subtypes appear to have
different etiologies. Specifically, early-onset PE is associated with
abnormal placentation; by contrast, late-onset PE is associated
with an interaction between a presumably normal placenta
and maternal factors such as endothelial dysfunction and
microvascular damage (8, 9). The pathogenesis of PE is yet to be
elucidated; however, some evidence suggests that uteroplacental
hypoperfusion may lead to PE (10, 11). Meanwhile, impaired
spiral artery remodeling in the uterus, which may lead to the
release of antiangiogenic factors from the ischemic placenta into
the maternal circulation, is a two-stage model considered central
to research in the pathogenesis of PE (12).

In human cells, linear amino acid multimers can be converted
into functional proteins with three-dimensional structures able
to perform their function. Some diseases are associated with
protein folding disturbance, which results in the formation
of misfolded proteins, such as in Alzheimer’s and Parkinson’s
diseases, and prion diseases (13–18). Recent studies have shown
that misfolded proteins may accumulate in the urine, serum,
and placenta of patients with PE (19–24). Urinary misfolded
proteins can be detected by a point-of-care urinary Congo red
test (25). Congo red is a kind of synthetic diazo dye with
specific affinity for misfolded proteins (26–28). The affinity of
misfolded proteins to Congo red is known as congophilia (29,
30). Buhimschi et al. proposed that urine samples of women
with PE exhibited congophilia; additionally, the rate of urinary
congophilia was higher among women with severe PE with
indications for delivery than among their counterparts that
were either healthy or diagnosed with chronic or gestational
hypertension (21). However, the origin of misfolded proteins
in the urine of women with PE remains unclear. Placental
hypoxia and ischemia resulting from impaired placentation in
PE may lead to endoplasmic reticulum stress (ERS) in the
placenta (31–33). ERS may lead to chronic activation of unfolded
protein response (UPR) pathways (34–36), which aim to restore
endoplasmic reticulum homeostasis by removing the misfolded
proteins. The activation of placental UPR occurs in early- but

not in late-onset PE or normotensive controls (33). Based on this
evidence, we hypothesized that the placenta may be the main
source of the misfolded proteins in the urine of patients with
early-onset PE and the presence of misfolded proteins in the
urine may be linked to the pathogenesis of early-onset PE but
not late-onset PE. In this study, we, for the first time, compared
the urinary congophilia of patients with different types of PE and
normotensive controls in the Chinese population to investigate
the association between the presence of misfolded proteins in
the urine and early-onset PE, as well as the possible origin of
the misfolded proteins in the urine in the Chinese population.
Furthermore, we examined the association of urinary congophilia
with the pregnancy outcomes in Chinese patients with early-
onset PE to assess the predictive value of urinary congophilia in
the prognostication of pregnancy outcomes in this patient group.

MATERIALS AND METHODS

Study Design
The protocol of this study was approved by the Institutional
Review Board of ShengjingHospital of ChinaMedical University,
Shenyang, Liaoning Province, China (Approval number:
2018PS195K). The need for obtaining informed consent was
waived owing to the use of residual urine samples and the
minimal risks involved. The study was conducted according to
the principles expressed in the Helsinki Declaration.

Pregnant women aged ≥18 years and at the gestational
age of ≥20 weeks, admitted to our hospital between May
2017 and August 2018 were eligible for this study. Included
patients were divided into gestational hypertensive, PE, chronic
hypertensive, and normotensive groups. The PE group was
further subdivided into early- and late-onset groups. The
patients’ clinical characteristics and rates of urinary congophilia
were compared among the groups. Pregnancy outcomes of
the patients with early-onset PE were categorized as iatrogenic
prematurity and full-term delivery. Patients with early-onset
PE were further subdivided into positive and negative urinary
congophilia groups.

Diagnostic Criteria
Hypertensive disorders of pregnancy were determined according
to the 2018 International Society for the Study of Hypertension
in Pregnancy Classification, Diagnosis, and Management
Recommendations for International Practice (2).

Women were excluded from the present study if they
were diagnosed with any of the followings: diabetes mellitus,
respiratory disease, blood system disease, liver disease, renal
disease, heart disease, fetal genetic and congenital malformation,
abortion or fetal death, twin or multiple pregnancy, history
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of assisted reproductive technology use, infections or pro-
inflammatory states, autoimmune disease, or cancer. Women
with incomplete clinical information were also excluded. Early-
and late-onset PE were defined by the gestational age at onset of
disease, <34 and ≥ 34 weeks, respectively (6).

Urine Sample and Clinical Data Collection
Midstream urine samples were collected from all patients for
the assessment of congophilia. In patients with hypertensive
disorders of pregnancy, urine samples were collected at the
time of disease onset. All patients with hypertensive disorders
of pregnancy were followed-up until post-delivery. Data on
maternal age, gestational age at PE onset and delivery, pregnancy
outcomes, and the presence of the hemolysis, elevated liver
enzymes, and low platelet count syndrome (HELLP syndrome)
were collected. Investigators were blinded to any personal data
during congophilia measurement.

Detection of Misfolded Proteins in Urine
A point-of-care device employing the capillary tube-based slow
release method (the CapCord test, available from Shuwen
Biotech. Zhejiang, China) was used to detect misfolded proteins
in urine samples (25). Each scorer classified the pattern of the dye
into six categories relative to the reference pattern, based on the
evenness of the spread and tendency of the dye to concentrate in a
limited central area (Figure 1). All scorers were trained to ensure
the consistency of approach.

Statistical Methods
Clinical characteristics and pregnancy outcomes were compared
among the groups, using the analysis of variance or Mann–
Whitney U-test. The difference in counts among the groups was
assessed with the chi-squared test or Fisher’s exact probability
test. Univariate and multivariate logistic regression analyses were
performed. Survival curves were compared using the Kaplan–
Meier method and the log-rank test. P-values < 0.05 were
indicative of significant findings. All statistical analyses were
performed using the Statistical Product and Service Solutions
(SPSS) software ver. 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

This study included 1,397 patients. The CapCord test was
performed for all patients. Table 1 presents the incidence of
urinary congophilia in four groups. The differences of the
rates of positive urinary congophilia among different groups
were significant.

Table 2 presents comparisons of the clinical characteristics
and rates of urinary congophilia between early- and late-onset PE
groups. The gestational age of the early-onset PE group at both
PE onset and delivery was significantly lower than that of the late-
onset PE group. The rates of iatrogenic prematurity and HELLP
syndrome were both significantly higher in the early- than in the
late-onset PE group. In addition, the rate of urinary congophilia
in the early-onset PE group was significantly different from that
in the late-onset PE group.

Urinary congophilia was an independent risk factor for
iatrogenic prematurity in both univariate [odds ratio (OR)

FIGURE 1 | Congo red bound to misfolded proteins in an aqueous solution

migrates differentially on cellulose membrane, forming different dyeing

patterns. The differences are especially apparent when the solution is slowly

released into small area on the cellulose membrane through a fine-tipped

capillary tube. The more Congo red is bound to misfolded proteins, the dye

spreads more evenly on the membrane. The device we used included a plastic

pipette to drop urine to a well-containing Congo red (0.1 mg/ml), and a

capillary applicator to transfer the mixture to cellulose membrane

compartment and slowly released. The test produces a result within 3min.

Classification of Congo red staining patterns (A) Small non-diffused red dot;

(B) Mildly diffused dot, scarlet pseudopodium; (C) Diffused dot, scarlet

pseudopodium, pink penumbra; (D) Small dot, irregular partly diffused pale red

penumbra; (E) Red and scarlet dot, partly diffused pale red penumbra; (F)

Large uniform pale diffused dot. The patterns (D–F) were classified as

“positive” and patterns (A–C) as “negative.”

17.143; 95% confidence interval (CI) 4.719–62.271; p = 0.000]
(Table 3) and multivariate (OR 18.174; 95% CI 4.460–74.063; p
= 0.000) analyses.

A significant difference was found in the gestational age at
delivery between patients with and without urinary congophilia
in the early-onset PE group. The positive urinary congophilia
group presented with a shorter latency period between onset
and delivery than did the negative urinary congophilia group;
finally, a significant difference was observed in the rate of
iatrogenic prematurity between the groups with and without
urinary congophilia within the early-onset PE group (Table 4).

In total, 86 patients with iatrogenic prematurity comprised
the early-onset PE group. The Kaplan-Meier survival curves
showed higher rates of iatrogenic prematurity among patients
with urinary congophilia than among their counterparts without
this condition (χ2 = 15.976, p< 0.001) (Figure 2). These findings
suggest that pregnancy outcomes are poorer in early-onset PE
patients with urinary congophilia than in their counterparts
without this condition.

DISCUSSION

Previous studies on the presence of misfolded proteins
in PE patients mostly involved Western populations
(19–21, 37–39). The present study confirms that urinary
congophilia occurs in Chinese women with PE. The
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TABLE 1 | Incidence of positive urinary congophilia in four groups.

Variables Gestational

hypertensive

(n = 46)

Pre-eclampsia

(n = 147)

Chronic

hypertensive

(n = 8)

Normotensive

(n = 1,196)

χ
2 P-value

Rate of positive urinary congophilia 1 (2.2%) 113 (76.9%) * 0 (0%) 31 (2.6%) 780.892 <0.001

Values are n and n/N (%) *p < 0.001 vs. gestational hypertensive, chronic hypertensive, and normotensive (chi-squared test or Fisher exact probability test).

TABLE 2 | Clinical characteristics and incidence of positive urinary congophilia in early- and late-onset pre-eclampsia groups.

Variables Early-onset (n = 102) Late-onset (n = 45) Z χ
2 P-value

Gestational age at onset 28.8 (26, 31.3) 37 (35.3, 38.2) −9.653 / <0.001

Gestational age at delivery 32.6 (30.1, 35.4) 38.1 (36.8, 38.6) −7.584 / <0.001

Iatrogenic prematurity 86 (84.3%) 11 (24.4%) / 49.865 <0.001

HELLP syndrome 18 (17.6%) 1 (2.2%) / 6.601 <0.05

CapCord test-positive 87 (85.3%) 26 (57.8%) 13.297 <0.001

Values are median (P25, P75), n or n/N (%). HELLP syndrome, hemolysis, elevated liver enzymes, and low platelet count syndrome.

TABLE 3 | Clinical characteristics of patients with early-onset PE and iatrogenic prematurity or full-term delivery.

Variables Iatrogenic prematurity (n = 86) Full-term (n = 16) Univariate analysis

OR (95%CI) P-value

Age (years) 30.8 ± 5.3 31.1 ± 4.5 0.989 (0.891, 1.098) 0.842

Gestational age at onset 28.1 ± 3.9 26.8 ± 5.9 1.069 (0.948, 1.205) 0.279

HELLP 17 (19.8%) 1 (6.3%) 3.696 (0.456, 29.958) 0.221

Rate of positive urinary congophilia 80/86 (93.0%) 7/16 (43.8%) 17.143 (4.719, 62.271) <0.001

Values are mean ± standard deviation, n or n/N (%).

TABLE 4 | Clinical characteristics and pregnancy outcomes among patients with positive and negative urinary congophilia and early-onset pre-eclampsia.

Variables Positive urinary

congophilia

(n = 87)

Negative urinary

congophilia

(n = 15)

F Z χ
2 P-value

Age (years) 30.7 ± 5.3 31.9 ± 3.6 0.635 / 0.428

Gestational age at onset (weeks) 28.1 ± 4.2 26.8 ± 4.8 1.167 / 0.283

Gestational age at delivery (weeks) 32.1 ± 3.4 36.2 ± 3.1 19.529 / <0.001

Latency between onset and delivery (days) 19 (9, 38) 52 (33, 119) / −3.502 / <0.001

HELLP syndrome (%) 17/87 (19.5%) 1/15 (6.7%) / / 0.708 0.400

Iatrogenic prematurity (%) 80/87 (92.0%) 6/15 (40%) / / 26.111 <0.001

Values are mean ± standard deviation, median (P25, P75), n or n/N (%).

present findings also support those previously reported by
Buhimschi, wherein women with PE were more likely to have
urinary congophilia than their counterparts with gestational
hypertension, chronic hypertension, or normotension (37).
Recent studies have shown that ischemia, hypoxia, and
production of pro-inflammatory cytokines, all of which are
associated with PE, can lead to protein misfolding (40) and
initiate ERS (41, 42), which results in the chronic activation of
UPRs. Yung et al. have shown that activation levels of placental
UPR in patients with early-onset PE are significantly higher than

those in patients with late-onset PE or in normotensive controls,
with similar values reported for the latter two groups (33). These
findings provide molecular evidence that the production of
placental misfolded proteins and placental ERS may contribute
to early- but not to late-onset PE or normotensive controls. The
present findings suggest that the rate of urinary congophilia in
women with early-onset PE is significantly higher than that in the
late-onset group and the normotensive group, indicating that the
misfolded proteins in the urine may be linked to the pathogenesis
of early-onset PE and the main source of misfolded proteins in
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FIGURE 2 | The Kaplan-Meier survival curves showed higher rates of iatrogenic prematurity among patients with urinary congophilia than among their counterparts

without this condition (χ2 = 15.976, p < 0.001).

the urine of patients with early-onset PE may be the placenta.
In addition, our finding that the rate of urinary congophilia
in the late-onset PE group is significantly higher than that in
the normotensive group indicates that the main source of the
misfolded proteins in the urine of patients with late-onset PE is
different from that of the patients in the normotensive group,
and probably not the placenta. Furthermore, previous studies
have demonstrated the presence of the same types of misfolded
proteins in both the plasma and urine of PE patients (21, 43).
Accordingly, we propose that the urinary misfolded proteins in
late-onset PE may be derived from the plasma.

Studies by Buhimschi et al. have demonstrated that the
assessment of urinary congophilia with the Congo red dot
test is useful for the prognostication of medically indicated
delivery in patients with PE, suggesting a close link between
urinary congophilia and PE cases with severe maternal and
fetal complications (33). In addition, previous studies have
demonstrated that placental or early-onset PE is associated
with a high risk of maternal and fetal complications (6, 44,
45). In the present study, the rate of urinary congophilia in
the early-onset PE group was significantly higher than that
in the late-onset group, suggesting an association between
urinary congophilia and early-onset PE. Nevertheless, the present
findings are inconsistent with those of Nagarajappa, whereby
the Congo red retention value was lower in the early- than
in the late-onset PE group. Furthermore, findings of this
study suggest that urinary congophilia is an independent risk
factor for iatrogenic prematurity in early-onset PE patients; in

fact, the present findings indicate that early-onset PE patients
with urinary congophilia are at a higher risk of adverse
pregnancy outcomes than are their counterparts without urinary
congophilia. Based on the present findings, we propose that
urinary congophilia, confirmed with the CapCord test, may
support the prognostication of pregnancy outcomes in patients
with early-onset PE. In other words, the urine samples of
patients with early-onset PE could be collected at the time of
disease onset to detect the congophilia with CapCord test, the
patients with positive urinary congophilia are more likely to
present adverse maternal and neonatal outcomes such as HELLP
syndrome and iatrogenic prematurity, so the medically indicated
delivery, as an effective treatment, should be expected as early
as possible for those patients. Conversely, the patients with
negative urinary congophilia probably present a relatively better
maternal and neonatal outcome, so the supportive and expectant
treatment should be preferred, and iatrogenic prematurity would
be avoided as far as possible to extend the latency period between
the onset and delivery.

In summary, results of this study suggest that themain sources
of the urinarymisfolded proteins in early- and late-onset PE seem
different, the former may be the placenta, but the latter may be
the plasma. To the best of our knowledge, this study is first to
assess the association of urinary congophilia confirmed with the
CapCord test with the pregnancy outcomes of Chinese patients
with early-onset PE. Urinary congophilia confirmed with the
CapCord test may be useful in the prognostication of pregnancy
outcomes in patients with early-onset PE. However, this study
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has some limitations. First, the study population was composed
of Chinese patients; thus, the conclusion of this study may not
be applicable to other populations. Second, the sample size is
relatively small, and the error of the CapCord test and influence
of gestational age on urinary congophilia are not excluded in
this study. Thus, more studies that consider the influence of
gestational age on urinary congophilia with CapCord test are
needed to validate the present findings.
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