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Abstract
Preterm birth is a leading cause of neonatal mortality in the US and globally, with preterm premature rupture of fetal membranes
(PPROM) accounting for one third of preterm births. Currently no predictive diagnostics are available to precisely assess risk and
potentially reduce the incidence of PPROM. Bigycan and decorin, the main proteoglycans present in human fetal membranes, are
involved in the physiological maturation of fetal membranes as well as in the pathophysiology of preterm birth. The serum protein
sex hormone-binding globulin (SHBG) has recently been identified as a predictor of spontaneous preterm birth. We hypothesize
that the balance between serum decorin and biglycan on one hand and SHBG on the other hand may provide insight into the
status of the fetal membranes in early pregnancy, thereby predicting PPROM prior to symptoms. Using chart review, 18 patients
with confirmed cases of PPROM were identified from 2013-2016. Second trimester residual serum was retreived from freezer
storage for these cases along with 5 matched controls for each case. The biomarkers biglycan, decorin and SHBG were analyzed
first separately, then in combination to determine their ability to predict PPROM. The predictive score for the combined model
displays an AUC¼ 0.774. The ROC curve of the predicted score has an optimal threshold of 0.238 and a sensitivity and specificity
of 0.72 and 0.84 respectively. This prenatal serum panel is a promising serum screening-based biochemical model to predict
PPROM in asymptomatic women.
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Introduction

Preterm birth is a leading cause of neonatal mortality and mor-

bidity in the United States and globally, with preterm prema-

ture rupture of fetal membranes (PPROM) accounting for about

one-third of preterm births.1-3 PPROM is the spontaneous rup-

ture of fetal membranes prior to labor before 37 weeks of

gestation.4 The etiology of PPROM is multifactorial, with

nutritional, environmental, and genetic contributors working

singularly or synergistically.5,6 Clinical risk factors have been

proposed to identify women at highest risk of PPROM, includ-

ing short cervical length at 23 to 24 weeks gestation, positive

fetal fibronectin screening, and a history of prior PPROM.7

These clinical risk factors generate PPROM through pathways

involved in the upregulation of the inflammatory process.5 The

resulting inflammation can be microbial-associated or

nonmicrobial-associated (sterile), both equally common in

PPROM after 25 weeks gestation.8 Currently, no predictive

diagnostics, such as serum biomarkers, have been identified

that would more precisely assess risk and potentially reduce

the incidence of PPROM.

Infants born with Ehlers-Danlos syndrome (EDS), a genetic

connective tissue disorder, have an increased risk of PPROM

compared to their unaffected siblings.9,10 One subtype of EDS

is caused by a mutation that leads to the abnormal secretion of

biglycan and decorin,11 two small leucine-rich proteoglycans

(SLRPs) that are components of the extracellular matrix (ECM)

of most tissues. They are known to play a significant role in the

tensile strength of connective tissues.12-14 Additionally, bigly-

can plays a role in the inflammatory cascade as a ligand for the

Toll-like-receptor 2 and 4.15 Biglycan and decorin are the main

proteoglycans present in the intermediate and reticular layers of

human fetal membranes.16 We have previously shown that
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biglycan and decorin transcriptionally compensate for each

other during fetal membrane maturation but lose their compen-

satory activity in the presence of inflammation.17 Biglycan and

decorin have also been shown to be involved in the pathophy-

siology of preterm birth, with dysregulation of decorin occur-

ring in fetal membranes during the second trimester.18,19 We

have shown that mice deficient in biglycan and decorin, an

animal model of EDS, deliver their pups prematurely and dis-

play morphologic as well as signaling abnormalities in their

fetal membranes.20,21

The serum protein sex hormone-binding globulin (SHBG)

has recently been identified as a predictor of spontaneous pre-

term birth (sPTB).22 Plasma SHBG levels increase signifi-

cantly during pregnancy,23 but are downregulated in

spontaneous preterm delivery. Spontaneous preterm births

include deliveries resulting from spontaneous preterm labor

(PTL) and/or PPROM.24 Preterm labor is defined as regular

contractions of the uterus with or without intact fetal mem-

branes before 37 weeks of pregnancy. PPROM is defined by

the rupture of fetal membranes prior to the onset of labor.

PPROM does not occur in all cases of sPTB, suggesting that

the underlying pathophysiology of PPROM and spontaneous

PTL may be distinct.25,26

We hypothesize that the balance between decorin and bigly-

can on one hand, and SHBG on the other hand in the serummay

provide insight into the tensile and inflammatory status of the

fetal membranes in the clinically asymptomatic participant,

thereby functioning as a PPROM biomarker panel prior to

symptoms.

The clinical importance of predicting PPROM before it

occurs lies in the fact that once PPROM has occurred, it cannot

be reversed and will ultimately lead to preterm birth. Thus, a

biomarker panel for PPROM would allow for the development

of targeted interventions in pregnancies deemed at high risk for

PPROM.

Materials and Methods

Sample Collection

All serum samples were collected from patients who presented

to Women and Infants Hospital, Providence, Rhode Island, for

second-trimester screening. This retrospective study was con-

ducted with approval from the Care New England Institutional

Review Board.

For the preanalytical and covariate studies, samples were

selected from singleton pregnancies in order to assess the

effects of gestational age (weeks 15-20), freezer storage (0,

6, or 12 months), and maternal race (African American or

Non-African American) on biglycan and decorin serum values.

Serum samples from nonpregnant women were chosen by a

negative human chorionic gonadotrophin result.

For the biomarker study, using chart review, the first 18

patients with PPROM going backward temporally starting from

2016 were identified. All samples for this study were from 2013

to 2016. PPROM was defined as the presentation of rupture of

fetal membranes/leaking of amniotic fluid as the first concerning

sign or symptom in an otherwise uncomplicated pregnancy.

Cases in which contractions, pain, or infection were documented

as a symptom prior to or coinciding with the PPROM or amnio-

tic fluid leakage were excluded as were multiples, congenital

anomalies, genetic diagnoses, maternal drug use, the use of arti-

ficial reproductive technologies, and PPROM at less than 17

weeks gestational age. The resulting gestational age at diagnosis

for the PPROM cases ranged from 17 to 27 weeks.

Among the confirmed cases of PPROM, we searched to find

18 women who had a standard prenatal serum screening test for

aneuploidy in that pregnancy. Second-trimester residual serum

was retrieved from �20�C freezer storage for these 18 cases,

along with 5 matched controls for each case. The control sam-

ples were matched for gestational age at sample collection

(within the same completed week, 15-20 weeks of gestation),

maternal race (African American or non-African American),

and duration of freezer storage (+6 months). None of the 108

patients were smokers.

Assays

Alpha-fetoprotein (AFP) levels were measured at the time of

sample receipt using an automated chemiluminescent assay kit

purchased from Beckman Coulter, Chaska, Minnesota. The

SHBG levels were tested for this study after a sample thaw

using an automated immunoassay method from Siemens Diag-

nostics, on the Immulite 2000, Los Angeles, California. These

analytes are routinely measured in the clinical laboratory at

Women and Infants Hospital in accordance with CAP and

CLIA guidelines.

Serum biglycan and decorin were measured by commercially

available enzyme-linked immunosorbent sandwich assay

(ELISA) kits (Human Biglycan ELISA kit; Clone-Cloud Corp,

Houston, Texas) and (Human Decorin ELISA kit; Sigma-

Aldrich, St. Louis, Missouri), respectively. The assays were

performed according to manufacturer’s instructions. Briefly, a

monoclonal capture antibody is precoatedonto 96-well plates. The

biological sample and standard are then added to the well, and

incubated. Biotin-labeled detection antibody is then added to the

well, followed by incubation with horseradish peroxidase

streptavidin. Unbound conjugates are washed away, followed by

colorimetric analysis on a BioRad IMarkMicroplate Reader (Bio-

Rad, Hercules, California) at 450 nm. Analytical validation of the

biglycan and decorin assays was carried out prior to the serum

sample biomarker analysis and included patient interassay varia-

tion, linearity, and limit of detection. Testing of serum samples

was performed without operator knowledge of PPROM status.

Statistics

Median concentrations were calculated for biglycan, decorin,

AFP, and SHBG for all analyses. In the preanalytical and cov-

ariate studies, nonparametric analysis of group differences was

calculated byWilcoxon test. For more than 2 groups, a post hoc

Kruskal-Wallis test was performed.
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For the biomarker study, data were matched for gestational

age and race in a 1:5 case–control study design. Negative bino-

mial models for counts were generated for each protein and

adjusted for clustering in matched groups using generalized

estimating equations which take into account the similarity of

participants within the matched groups.

The receiver–operating characteristic (ROC) curve was con-

structed nonparametrically, and the area under the curve

(AUC) was calculated based on the trapezoid rule. The confi-

dence interval was based on the Delong, Delong method.27 The

predicted score was based on the logistic regression model, and

AUC of the predicted score was calculated similarly. The opti-

mal threshold and its associated sensitivity and specificity were

calculated using the Youden index and the top left criteria. The

confidence intervals of the AUCs and the thresholds were

derived from the bootstrap resampling method.

Results

Preanalytical Study

The interassay variation was calculated as the mean Coefficient

of Variation% between 8 individual runs and determined to be

5.6% and 6.9% for decorin and biglycan, respectively. Assay

linearity was calculated as the mean linearity percent (observed

value� the dilution factor of the sample/neat sample value) for

3 random samples. Mean linearity was determined to be 102%
for decorin and 105% for biglycan. Levels of both decorin and

biglycan were increased with 6 months (n¼ 15) and 12 months

(n ¼ 15) of freezer storage (P ¼ .001) and (P ¼ .03), respec-

tively (Figure 1C).

0
200
400
600
800

1000
1200

fresh 6mo 12mo

Bi
gl

yc
an

 (n
g/

m
l)

Storage Time

0

2000

4000

6000

8000

Fresh 6mo 12mo

De
co

rin
 (p

g/
m

l)

Storage Time

*p=0.0001

0
200
400
600
800

1000
1200

Pregnant Non-Pregnant

Bi
gl

yc
an

 (n
g/

m
l) *p<0.002

0
2000
4000
6000
8000

10000
12000

Pregnant Non-Pregnant

De
co

rin
 (p

g/
m

l) *p<0.002

0
100
200
300
400
500

Non-African
American

Bi
gl

yc
an

 (n
g/

m
l)

0

2000

4000

6000

8000

African American Non-African
American

De
co

rin
 (p

g/
m

l)

*p=0.05

African American

A

B

C

Figure 1. Covariate study variables. A, Median serum levels of both biglycan and decorin were lower in pregnant than nonpregnant women (P <
.002). B, Levels of decorin were slightly lower in African American than non-African American women (P ¼ .047), while biglycan levels did not
differ by ethnicity. C, Biglycan and decorin show significant differences in serum concentrations after �20�C freezer storage.

Table 1. Median Values for Biomarkers in PPROM and Controls.

Variable

PPROM (n ¼ 18) Controls (n ¼ 90)
P

ValueMedian (range) Median (range)

Biglycan,
ng/mL

428.17 (101.05-1121.75) 300.45 (44.2-1200) .009

Decorin,
pg/mL

2999.1 (2325.8-4352.7) 3365 (1859.4-6203.8) .009

SHBG,
nm/L

347 (205-680) 437.75 (240-880) .006

AFP, MoM 1.05 (0.66-2.91) 0.98 (0.47-2.72) .153

Abbreviation: AFP, alpha-fetoprotein; PPROM, preterm premature rupture of
fetal membrane; SHBG, sex hormone-binding globulin.
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Covariate Study

Median serum levels of both biglycan and decorin were lower

in pregnant (n ¼ 90) than in nonpregnant (n¼ 15) women (P <

.002; Figure 1A). Levels of decorin were slightly lower in

African American (n ¼ 15) than in non-African American

women (n ¼ 15; P ¼ .047), while biglycan levels did not differ

by ethnicity (P ¼ .116; Figure 1B). Based on the preanalytical

and covariate results, the biomarker study samples were addi-

tionally matched for ethnicity and length of time in freezer

storage.

Biomarker Study

The median maternal age in years was 28.55 (range: 18 - 40)

for cases with PPROM and 28.77 (range: 17-42) for controls.

Cases and controls were matched for gestational age with the

median gestational age at the time of the blood serum sampling

being 16.5 weeks for cases with PPROM and 16.4 weeks for

controls. Mean latency between blood serum sampling and

PPROM diagnosis was 40 days + 4.7days.

Median second-trimester serum values of the biomarkers are

presented in Table 1. A Box and Whiskers plot of the 4 bio-

markers studied is presented in Figure 2. The median values for

the proteoglycans were inversely correlated with biglycan

significantly higher in the cases with PPROM than the controls

(P < .009), while decorin serum values were significantly lower

in cases with PPROM than in the controls (P < .009). The

median serum concentrations of SHBG presented significantly

higher in controls versus cases with PPROM (P < .006). AFP

MoM serum concentrations were not significantly different in

cases with PPROM compared to controls (P ¼ .153). AFP is

part of the routine screening panel conducted in second trime-

ster to determine the risk of a number of disorders, including

neural tube defects and down syndrome. Here, AFP serum

0

1000

2000

3000

4000

5000

6000

7000

Control  PPROM

De
co

rin
 (p

g/
m

l)
*

0

200

400

600

800

1000

1200

1400

1600

Control  PPROM

Bi
gl

yc
an

 (n
g/

m
l)

*

0.00

200.00

400.00

600.00

800.00

1000.00

Control  PPROM

SH
BG

 (n
m

ol
/L

)

*

0

0.5

1

1.5

2

2.5

3

3.5

control  PPROM

AF
P 

 (M
oM

)

Figure 2. Serum biomarker levels in cases with preterm premature rupture of fetal membrane (PPROM) and controls. The median values for
the proteoglycans were inversely correlated with biglycan significantly higher in the PPROM cases than the controls (P < 0.009), while decorin
serum values were significantly lower in PPROM cases than in the controls (P < 0.009). The median serum concentrations of sex hormone-
binding globulin (SHBG) presented significantly higher in controls versus cases with PPROM (P < .006). Alpha-fetoprotein (AFP) MoM serum
concentrations were not significantly different in cases with PPROM compared to controls (P ¼ .153).

Table 2. Analysis of Individual Biomarkers as Predictors of PPROM.

Variable AUC 95% CI

Biglycan 0.659 0.513-0.806
Decorin 0.563 0.412-0.714
SHBG 0.726 0.590-0.862
Biglycan þ Decorin þ 0.774 0.628-0.912
SHBG

Abbreviations: AUC, area under the curve; CI, confidence interval; PPROM,
preterm premature rupture of fetal membrane; SHBG, sex hormone-binding
globulin.
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concentrations served to further validate that cases and controls

were not complicated by fetal disorders that could have con-

founded pregnancy outcomes. Because AFP levels were not

significantly different in cases versus controls, its inclusion

in the predictive score was not statistically justified.

The 3 biomarkers, biglycan, decorin, and SHBG, were ana-

lyzed first separately and then in combination to determine their

ability to predict PPROM. Individually, both SHBG and bigly-

can have AUC between 0.66 and 0.72, while decorin (AUC ¼
0.56) alone is not as strong of a marker for predicting PPROM.

The predictive score from the combined 3 variable model proves

to be a very good test with AUC of 0.774 (Table 2).

The formula generated for the predicted score is ¼ 1.52811

þ 0.00282 � biglycan � 0.00051 � decorin � 0.00647 �
SHBG. The ROC curve of the predicted score is seen in Fig-

ure 3. The optimal threshold (0.238), sensitivity (0.722), and

specificity (0.844) were the same using both Youden index and

top left criteria.

Discussion

In this study, elevated biglycan serum concentrations in

conjunction with decreased decorin and SHBG serum concen-

trations in early pregnancy were observed for asymptomatic

patients who later developed PPROM. These blood serum con-

centrations show an ability to predict the early development of

PPROM in this study population.

The elevated biglycan serum concentrations we identified

may represent early tissue damage in the fetal membrane of

asymptomatic patients who later experience PPROM. Recent

findings suggest that matrix-unbound biglycan acts as a danger

signal, providing a link between the innate and the adaptive

immune systems.28-30 Following tissue stress and injury, bigly-

can is proteolytically released from the ECM and acts as a

damage-associated molecular pattern by activating Toll-like

receptors, thus potentially modulating the immune system dur-

ing sterile and pathogen-mediated inflammation events such as

PPROM.31,32

Few studies are available on circulatory levels of decorin in

human serum. Decreased plasma decorin levels have been

reported in certain carcinomas as well as ischemic stroke.33-

35 Increased serum decorin levels have been reported in preg-

nancies with fetal growth restriction.36 Recently, a prospective

study by Atalay et al investigated decorin levels in women 24

to 32 weeks gestation who presented to the hospital in labor.37

In this study, decreased serum levels of decorin were deter-

mined in patients with PTL compared to healthy pregnancies.

The authors concluded that serum decorin levels had no effect

in predicting preterm births before 34 weeks gestation in

women with PTL. Our results showed a decrease in decorin

levels during the second trimester (weeks 13-28) of asympto-

matic patients who later presented with PPROM. Therefore,

our results indicate serum decorin levels have an effect in pre-

dicting PPROM.

Elevated circulatory levels of biglycan in conjunction with

decreased decorin have been reported in urothelial carcinoma

of the bladder, but further analysis of the ROCs for the SLRPs

revealed serum lumican provided the optimum sensitivity and

specificity as a potential biomarker for this disease.33

Our findings that second-trimester SHBG serum concentra-

tions were lower in patients who later developed PPROM has

not been previously reported. Decreased SHBG levels in the

second trimester have been reported as a predictor of pree-

clampsia development, but the area under the ROC curve was

low, resulting in a poor predictor model.38 SHBG levels have

also been shown to be significantly reduced in women whose

pregnancy results in miscarriage.39 More recently, Saade et al

have developed a maternal serum predictor for spontaneous

preterm delivery resulting from the ratio of downregulated

SHBG to insulin-like growth factor-binding protein 4 with an

elevated body mass index (BMI).22 It is not surprising that

SHBG is downregulated in both sPTB and PPROM, since

PPROM is the causal factor for a third of sPTBs.

It is well established that inflammation is a process associ-

ated with preterm birth and PPROM. It has been reported that

upregulation of proinflammatory cytokines Interleukin-6,

Interleukin-8, and tumor necrosis factor-a play a significant

role in PPROM.16,26 Furthermore, maternal serum cytokine

levels have been reported to be elevated in women who later

deliver preterm.40

A study by Kansu-Celik et al evaluated the role of maternal

serum advanced glycation end products (AGEs) in early gesta-

tion for prediction of PTB. They determined that AGEs are

Figure 3. Receiver–operator characteristic (ROC) curve analysis of
the predictive score for biglycan, decorin, and sex hormone-binding
globulin (SHBG) as preterm premature rupture of fetal membrane
(PPROM) serum biomarkers. The plot graphs sensitivity (true-
positive rate) versus specificity (false-positive rate). The optimal
threshold (0.238), sensitivity (0.72), and specificity (0.84) were the
same using both Youden index and top left criteria.
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significantly elevated in preterm births due to PTL and/or

PPROM.41 Increased levels of AGE have previously been asso-

ciated with the expression of inflammatory cytokines in pre-

eclampsia as well.42 Thus, while AGEs may play a role in poor

pregnancy outcomes, they do not seem to be discriminate to

PTB due to PPROM.

A caveat to this study is that the retrospective study design

does not allow for detailed analysis of the clinical overlap

between PPROM and preterm birth. Additionally, several stud-

ies have associated maternal BMI with risk of preterm birth.43-46

Thus, future prospective studies will be necessary to verify our

model as a clinically viable specific biomarker for PPROM in

which the clinical history of the timing between onset of con-

tractions and PPROM are prospectively collected and in which

the association of BMI to PPROM can be explored.

In summary, a second-trimester prenatal serum panel con-

sisting of the SLRPs biglycan and decorin with SHBG is pro-

misingly the first serum screening-based biochemical model to

predict PPROM in asymptomatic women. This model has the

potential to open the door to a new approach to identifying

women who are at increased risk of PPROM and targeting

future preventive interventions in a personalized manner.
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