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Introduction

Preterm premature rupture of membranes (PPROM) is the 
rupture of the chorion-amniotic membrane and leakage of 
amniotic fluid before onset of labor pains, prior to 37th week 
of pregnancy. Although PPROM involves 1–5% of pregnan-
cies, it is responsible for 20–55% preterm deliveries [1]. 
PPROM is an important contributor to maternal and perinatal 
morbidity and mortality. The major cause of perinatal mor-
bidity and mortality associated with PPROM is prematurity. 
Maternal sepsis is a rare but life-threatening complication 
reported in nearly 1% of cases [2].

It is postulated that mediators, released either from stretch-
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Objective
We aimed to evaluate the relation between plasma ascorbic acid levels and the occurrence of preterm premature 
rupture of membranes (PPROM) and whether patients with ascorbic acid deficiency have predisposition to microbial 
invasion, as revealed by serum interleukin-6 (IL-6) levels and confirmed by placental culture sensitivity evaluation.

Methods
This controlled study involved 50 women with PPROM at gestational age between 28 and 36.6 weeks. Fifty patients 
with uncomplicated pregnancy and intact membranes were observed as control group. Serum ascorbic acid and IL-6 
levels were evaluated for PPROM group subjects and controls, matched by their gestational age and body mass index. 
Repeat samples for IL-6 were taken after 48 hours of admission in PROM group subjects and at the onset of labor in 
controls. Placental membranes were sent for culture sensitivity evaluation after delivery.

Results
The mean plasma level of ascorbic acid was 0.60±0.35 mg/dL and 1.18±0.43 mg/dL in the PPROM and control groups, 
respectively, showing significant difference. Plasma IL-6 level rose from 18.18±5.94 pg/mL to 34.32±7.31 pg/mL 
after 48 hours of admission in the PPROM group (P=0.000). Plasma IL-6 level in controls rose from 5.59±4.36 pg/mL 
at admission to 7.36±3.67 pg/mL at the onset of labor. Membrane culture test results were positive in a total of 40 
samples, of which 37 samples were from the PPROM group subjects. 

Conclusion
Vitamin C deficiency, when complemented with elevated serum IL-6 level, can predict susceptibility to PPROM in the 
third trimester; the risk increases in women with prior history of similar pathology.
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ing of membranes or infection, lead to activation of destruc-
tive enzymes in the matrix, thus causing rupture of amniotic 
membranes. Reactive oxygen species (ROS) is one of the 
factors involved in membrane destruction. Micronutrients 
stabilize the ROS, and hence, its deficiency leads to abnor-
mal collagen structure synthesis that has been associated 
with increased risk of PPROM. The micronutrient Ascorbic 
acid (vitamin C) is an effective water-soluble antioxidant that 
scavenges several ROS, thus reducing oxidative stress [3]. It 
participates in the equilibrium between synthesis and deg-
radation of collagen and this may be critical in reducing the  
occurrence of PPROM as well. Interleukin-6 (IL-6) is one of 
the inflammatory cytokines produced by macrophages, am-
nion, chorion, and decidual cells that is elevated in maternal 
serum and amniotic fluid in patients with PPROM with mi-
crobial invasion, even before the development of signs and 
symptoms of chorioamnionitis. A meta-analysis showed that 
IL-6 might be a sensitive and specific diagnostic marker for 
the early diagnosis of neonatal sepsis with premature rupture 
of membranes (PROM) [4]. Hence measuring IL-6 cytokine in 
maternal serum is a simpler and less invasive method of pre-
dicting impending infection in PPROM [5].

The present case-control study was conducted to investi-
gate whether there is a relation of plasma ascorbic acid levels 
to the occurrence of PPROM and if those with deficiency 
have a significant predisposition to microbial invasion of  
amniotic membranes, as revealed by elevated IL-6 levels. Our 
aim was also to determine fetal morbidity and mortality in 
patients with PPROM and co-relate the outcome with serum 
vitamin C and IL-6 levels. 

Materials and methods

This was a case control study conducted in a tertiary level 
hospital in Northern India for a period of 18 months. The 
study group subjects were hospitalized patients with PPROM. 
Control group subjects were patients from pre-natal clinics, 
identified during routine checkup. 

Osaikhuwuomwan et al. [6] reported that 33 subjects in a 
study group and 21 in a control group had deficient serum 
vitamin C levels. Taking these as reference values and assum-
ing 80% power and 5% type 1 error with equal proportion, 
sample size was calculated to be 38. Assuming 10% loss to 
follow-up, sample size was rounded off to 50 subjects.

The first 50 cases with PPROM between 28 and 36.6 weeks 
gestation, who fulfilled eligibility criteria, formed the study 
group. Control group was comprised of 50 patients with 
matching gestational age and body mass index, who were 
having uncomplicated pregnancies and intact membranes. 

1. Inclusion criteria
Women, from 18 to 35 years of age, with singleton preg-
nancy between 28 and 36.6 weeks’ gestational age, were 
included in the study.

2. Exclusion criteria
Women with anemia, diabetes mellitus, urinary tract infec-
tion, respiratory tract infection, vaginitis, polyhydramnios, 
history of smoking, and intake of micronutrients were ex-
cluded from the study.

Blood samples were collected initially from subjects in both 
groups, to establish the serum ascorbic acid and IL-6 levels, 
before the administration of any medication. Repeat samples 
for IL-6 were taken after 48 hours of admission in the study 
group and at the onset of labor in the control group. Specu-
lum examination was done in cases with PPROM to confirm 
the presence of amniotic fluid and inspect its color and odor. 
Fetal well-being was evaluated by ultrasound. After routine 
workup the study group subjects were managed as per hos-
pital protocol.

1) Serum IL-6
Maternal 2 mL venous blood was drawn into sterile silicone-
coated tubes, refrigerated at 5°C, and centrifuged. Serum 
IL-6 was measured in batches by a single investigator, using 
an enzyme-linked immune-sorbent assay kit (R&D Systems, 
Minneapolis, MN, USA). This assay did not cross-react with 
other cytokines and had an inter- and intra-assay variation 
less than 5%. 

2) Plasma ascorbic acid
Maternal 2 mL venous blood samples were collected in hepa-
rinized vial to establish ascorbic acid baseline. Serum ascorbic 
acid levels were evaluated using spectrophotometry. 

Placental membranes of both groups were sent after de-
livery for aerobic culture sensitivity testing. Samples were 
collected in a universal sterile container without any preser-
vative or additive and sent immediately after collection. They 
were refrigerated at 4–8°C, if there was a delay in sending 
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them to the microbiology laboratory. Samples were immedi-
ately processed in the microbiology laboratory. The placental 
membrane was well homogenized on a sterile Petri dish, 
using a bard-parker blade. The homogenized tissue was in-
oculated into 5% sheep blood agar (McConkey agar plates 
and brain heart infusion [BHI] enrichment media). Gram 
stain was also done from the tissue. Inoculated plates were 
incubated for 48 hours at 37°C and inspected for zones of 
growth. If no growth was detected then subculture was pre-
pared, using BHI media. The report was considered negative 
only if there is no growth after 72 hours. Any growth in any 
of the culture plates were further evaluated for identification 
and sensitivity testing. Manual identification was done by 
biochemical tests and supported in a few cases by Vitek 2.0. 

Sensitivity testing of the isolates was done by disk diffusion 
test method following CLSI 2018.

Categorical variables are presented in number and percent-
age (%) and continuous variables as mean±standard devia-
tion and median. Comparison of quantitative variables was 
performed by unpaired t-test/Mann-Whitney test. Qualitative 
variables were compared using χ2 test /Fisher’s exact test. P-
value of <0.05 was considered statistically significant. The 
data was entered in MS Excel spreadsheet and analysis was 
done using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). 
The accuracy of the multivariate predictors of gene muta-
tions was measured using the area under the receiver oper-
ating characteristic (ROC) curve.

Table 1. Descriptive characteristics for preterm premature rupture of membranes (PPROM) and control groups

Parameters PPROM group Control group P-value Adjusted OR (95% CI) P-value

Maternal age (yr) 24.36±3.45 24.08±3.33 0.639a) - -

Gravidity (number) 2.72±1.01 2.24±1.04 0.021a) Gravidity≥3, 1.79 (0.73–4.37) 0.190

Presence of preterm birth history 18 (36) 5 (10) 0.002b) 4.36 (1.39–13.71) 0.010

Low socio-economic status 34 (68) 17 (34) 0.003b) 3.56 (1.48–8.59) 0.050

Smoking 3 (6) 2 (4) 0.646b) - -

Caesarean section 14 (28) 10 (20) 0.349b) - -

Gestational age at birth (wk) 34.00±1.54 39.30±1.76 0.000a) - -

Birth weight (kg) 1.70±0.20 3.10±0.41 0.000a) - -

Neonatal morbidity and mortality 37 (74) 12 (24) 0.000b) - -

Data are shown as mean±standard deviation or number (%).
OR, odds ratio; CI, confidence interval.
a)Independent t-test; b)Pearson χ2 test.

Table 2. Plasma ascorbic acid and interleukin (IL)-6 levels between preterm premature rupture of membranes (PPROM) group and con-
trol group

Parameters PPROM group (n=50) Control group (n=50) P-value

Plasma ascorbic acid levels (mg/dL) at the time of enrolment 0.60±0.35 1.18±0.43 0.000a)

Plasma IL-6 levels (pg/mL) at the time of enrolment 18.18±5.94 5.59±4.36 0.000a)

Repeat plasma IL-6 levels (pg/mL) 34.32±7.31 
 (48 hr after admission)

7.36±3.67  
(at the onset of labour)

-

No. of patients with low plasma ascorbic acidb) 33 (66) 6 (12) 0.000c)

No. of patients with high IL-6b) 39 (78) 3 (6) 0.000c)

No. of placental membrane culture (+) 37 (74) 3 (0.06) 0.000c)

Data are shown as mean±standard deviation or number (%).
a)Independent t-test; b)Cut off levels for ascorbic acid was taken as ≤0.6 mg/dL [7] while cut off levels of IL-6 was taken as ≥15 pg/mL since this 
value predicted microbial invasion (confirmed on membrane culture sensitivity) of amniotic membranes in PPROM with high sensitivity and 
specificity; c)Pearson χ2 test.
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Results

Descriptive characteristics of PPROM and control group are 
summarized in Table 1. 

Univariate analysis showed patients, belonging to lower so-
cioeconomic status and of higher gravida, were more prone 
to develop PPROM. Patients with a history of preterm birth 
were having five times higher risk of PPROM (odds ratio [OR], 
5.06; 95% confidence interval [CI], 1.70–15.05) in the pres-
ent pregnancy. The mean value of plasma ascorbic acid was 
0.60±0.35 mg/dL in PPROM group and 1.18±0.43 mg/dL  
in the control group at the time of enrollment at the same 
gestational age. Patients with low ascorbic acid levels were 
having 14 times higher risk of PPROM (OR, 14.23; 95% CI, 
5.06–40.04). Mean levels of plasma IL-6 at the time of en-
rollment in patients of PPROM group was higher (18.18±5.94 

pg/mL) than control group (5.59±4.36 pg/mL). The differ-
ence was statistically significant (P-value=0.000) (Table 2).  
Its levels were directly proportional to the duration of leak-
ing at admission; however, there was weak correlation  
(r2 value=0.16).

In our study, the cutoff level for ascorbic acid was ≤0.6 mg/
dL [7]; hence, predicting the chances of PPROM with sensitiv-
ity of 66% and specificity of 88% and ROC analysis showed 
an area under the curve (AUC) of 0.841 (95% CI, 0.78–0.93). 
The cutoff level of IL-6 was ≥15 pg/mL, and this value was 
found to predict microbial invasion (confirmed on membrane 
culture sensitivity tests) of amniotic membranes in PPROM, 
with a sensitivity of 85% and specificity of 86.67%, and 
ROC analysis showed an AUC of 0.915 (95% CI, 0.85–0.97) 
(Table 3 and Fig. 1).

After 48 hours of admission, repeat plasma IL-6 level rose 

Table 3. The relationship between microbial invasion and interleukin (IL)-6 level

Laboratory 
test

Microbial invasion (+) 
(n=40)

Microbial invasion (−) 
(n=60)

Sensitivity 
(%)

Specificity 
(%)

PPV (%) NPV (%)

IL-6a) 34b) 6c) 8d) 52e) 85 86.67 80.95 89.65

n, number of subjects; PPV, positive predictive value; NPV, negative predictive value.
a)IL-6: No. of patients with high IL-6 level (≥15 pg/mL) (n=42); b)True positive; c)False negative; d)False positive; e)True negative.

Fig. 1. (A) Receiver operating characteristic (ROC) curve for serum vitamin C as predictor of preterm premature rupture of membranes. (B) 
ROC curve for serum interleukin-6 as predictor of microbial invasion of placental membranes. AUC, area under the curve; CI, confidence 
interval.
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from 18.18±5.94 to 34.32±7.31 pg/mL, the difference being 
statistically significant (P<0.000). However, the mean plasma 
level of IL-6 in controls rose from 5.59±4.36 at admission to 
7.36±3.67 at the onset of labor. Membrane culture tested 
positive, suggesting microbial invasion in a total of 40 cases, 
of which 37 cases presented PPROM. Only 3 cases without 
PPROM had evidence of microbial invasion. 

There was no difference in the mode of delivery in both the 
groups but statistically significant difference in birthweight of 
newborns existed. Neonatal morbidity developed in higher 
proportion in the PPROM group. Septicemia and conjunctivitis  
developed in 28% and 6% of babies in the PPROM group, 
while conjunctivitis developed in 4% in the control group. 
Respiratory distress syndrome was present in 24% of pa-
tients in the PPROM group, while it was present in only 10% 
of patients in the control group. Jaundice contributed equally 
(10%) to fetal morbidity in both groups. This proportional 
difference in the neonatal morbidity showed high statistical 
significance (P-value=0.001). Neonatal mortality was present 
in 6% of the patients from the PPROM group while none in 
the control group. Among women with low plasma vitamin 
C levels, 90.9% of neonates had one or other morbidity.

Discussion

Primary outcome (Table 2) revealed mean plasma level of 
ascorbic acid was significantly low while IL-6 level was high 
at the time of enrollment in the PPROM group. There was 
significant difference in the number of women with low 
serum ascorbic acid and high IL-6 level at the time of en-
rollment among PPROM and control group. IL-6 levels rose 
significantly high after 48 hours of admission among cases 

while the rise was moderately high among controls, compar-
ing values during enrollment and at onset of labor. Secondary 
analysis revealed there was a significant difference between 
PROM group subjects and controls in terms of socioeconomic 
status, gravidity, history of preterm birth, birthweight, and 
perinatal morbidity (Table 1). However, multi-logistic analysis 
(Table 4) revealed that women having a history of preterm 
delivery and those with high serum IL-6 level at the time of 
enrollment were only at a significant high-risk of PPROM.

Vitamin C is a micronutrient that directly stimulates col-
lagen synthesis by activating multiple genes. It is considered 
that it maintains the equilibrium between synthesis, stabil-
ity, and degradation of collagen, which in turn may reduce 
the incidence of PPROM [8]. It also acts as an antioxidant 
and this role of vitamin C is most evident during periods of 
elevated oxidative stress. Phagocytes are activated because 
of many infections and they release ROS, which play a role 
in elimination of virus and bacteria [9]. These ROS are, how-
ever, not without side effects and may be harmful to the 
host cells, thus, playing a probable role in the pathogenesis 
of microbial invasion [10]. Ascorbic acid is assumed to play 
a role in protecting host cells against the detrimental effects 
of ROS, released by phagocytes, and hence, its levels are de-
creased during infections [11]. Therefore, ascorbic acid levels 
may be decreased in most infections, occurring after PPROM, 
thus acting as a cause as well as effect. This was evident in 
our study too. Ascorbic acid levels were significantly lower 
in the PPROM group, which might have triggered the occur-
rence of PPROM. Otherwise primary microbial invasion of 
placental membranes, as evident from the high IL-6 levels 
at the time of enrollment, was the cause for the decreas-
ing level of ascorbic acid in PPROM group. Hence, IL-6 and 
ascorbic acid both can be utilized as marker for PPROM and 

Table 4. Significant predictive factors for preterm premature rupture of membranes based on logistic regression test results

Factors P-value Adjusted OR (95% CI)

Low socioeconomic status 0.87 1.12 (0.25–4.84)

Presence of history of preterm birth 0.01a) 7.93 (1.51–41.72)

Plasma ascorbic acid at the time of enrolment 0.53 2.13 (0.19–23.48)

Plasma IL-6 at the time of enrolment 0.00a) 1.41 (1.11–1.80)

No. of patients with low serum ascorbic acid at the time of enrolment 0.50 0.38 (0.03–6.68)

No. of patients with high IL-6 at the time of enrolment 0.59 2.45 (0.07–50.63)

IL, interleukin; OR, odds ratio; CI, confidence interval.
a)Significant P-value.
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microbial invasion. Siega-Riz et al. [12] found a relation-
ship between low vitamin C intake and an increased risk of 
PPROM (adjusted OR, 1.03; 95% CI, 0.90–1.17). Sharma 
and Mehta [3] observed low vitamin C concentration in pa-
tients with PPROM and an inverse relationship between the 
duration of the rupture of membranes and vitamin C levels 
with a significant increase in maternal morbidity, neonatal 
morbidity, and mortality. This inverse relationship evidenced 
in study by Sharma and Mehta [3] reinforces our findings 
though they did not measure any inflammatory marker in se-
rum. However, the results of studies, defining the therapeutic 
role of the micronutrient are not encouraging. Steyn et al. 
[13] observed no significant difference in the occurrence of 
preterm labor with ascorbic acid supplementation (250 mg/
day) and concluded that the therapeutic effects of vitamin 
C may be evident only in patients with deficiency of the 
micronutrient. Spinnato et al. [14] observed that high-dose 
vitamin C (1,000 mg/day) caused an increase in the incidence 
of PROM in a randomized double-blind placebo-control trial 
and warned against the empirical use of the micronutrient. 
Mercer et al. [15] observed that at high doses, vitamin C may 
cause collagen degradation and apoptosis, thus questioning 
the beneficial role of vitamin C in the prevention of PPROM. 
They concluded that vitamin C has no role in the remodeling 
process of normal fetal membrane, which may lead to weak-
ening and rupture at term. However, a randomized double-
blind placebo-controlled trial proved the effectiveness of 
vitamin C at a dose of 100 mg/day in preventing PPROM [16]. 
Hence, the therapeutic role of the micronutrient needs to 
be elucidated in deficient and sufficient subjects to evaluate 
bona fide effects. The dose has to be optimized after adjust-
ing to plasma levels and duration of gestation, so that the 
inadvertent harmful effects, if any, are avoided. 

Our body cannot synthesize vitamin C and diet is the main 
source of this micronutrient [13]. Inadequate intake is hence 
the possible cause for the prevalence of deficiency of vita-
min C found in our study population. An imprudent attitude 
and casual approach in terms of clinical visits, drug intake, 
physical labor and diet among Indian women towards higher 
order pregnancies, could be a result from the limitations of 
social framework, prevalent in the country. This may also ex-
plain the observation made by us and in other studies [17,18] 
of higher association of PPROM with low socioeconomic sta-
tus. A history of prior preterm delivery or PPROM was seen in 
a greater proportion in the study group, which is consistent 

with results of other studies [19,20]. Negara et al. [21] ob-
served that there was stronger p53 expression and stronger 
apoptotic index in the PROM group than in the PROM-free 
group. This genetic link may explain the occurrence of re-
peated events of rupture of membranes in a woman. Our 
study found that there was no difference in the mode of 
delivery in the study and the control group, like Sharma and 
Mehta [3] did, while other studies [22,23] reported higher 
rate of caesarean deliveries among women with PPROM. 
Poor perinatal outcomes were observed in our study group, 
consistent with results of another study [24]. 

In conclusion our study demonstrates that low serum vi-
tamin C levels alone can poorly predict the occurrence of 
PPROM. However, when this is complemented with elevated 
IL-6 level after 28 weeks, susceptibility to PPROM increases, 
given the subject has had prior history of such complication. 

Measuring serum levels of IL-6 and vitamin C will assist in 
counselling and prognosticating patients with anticipated 
rupture of membranes. Optimizing the serum levels of ascor-
bic acid before conception and during pregnancy, particularly 
in those with micronutrient deficiency or a history of PPROM, 
can be a rewarding therapeutic intervention for the preven-
tion of this obstetric complication.
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