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Introduction 

Background 
The 2012 Global Action Report on Preterm Birth (PTB) estimates that 15 million PTBs occur annually 

and that one million neonatal deaths result from prematurity related causes each year[1]. There are 

12.9 million premature births annually worldwide[2].Approximately, over 60 percent of preterm births 

occur in in Sub-Saharan Africa and south Asia. PTB, especially early PTB (<34 weeks of gestation)[3], is 

a major cause of neonatal mortality and contributes to 75% of neonatal morbidity and 70% of neonatal 

mortality in industrialized countries[4]. In children under five, preterm birth is the second largest 

direct cause of child deaths[3]. Preterm babies, in addition to being at a higher risk of neonatal 

mortality, are at an increased risk of post-neonatal mortality, stunting, and long-term neuro-

developmental impairment during childhood. For babies who survive, there is an increased risk of 

disability, which exacts a heavy load on families and health systems[5]. An estimated 700% of PTBs 

results from idiopathic preterm labour or pre-labour rupture of membranes and the remainder are 

iatrogenic because of obstetric or medical indications[6]. PTB has high economic and social burden in 

terms of health care needs, emotional stress on family in case of preterm baby death and hospital 

stay[7] (WHO 2012). India has the highest number of PTBs and preterm deaths worldwide[5], 

contributing to 25% of the overall global preterm related death; of a total 27 million babies born 

annually, 3.6 million babies are born preterm, and over 300,000 of these preterm babies die each year 

because of associated complications[5, 8]. This is even more challenging in Indian rural setting where 

most women are unaware of the risk of PTB; and do not readily access available care and support.  

This leads to increased maternal and neonatal morbidity and mortality in rural India[9]. A systematic 

analysis of global, regional and national causes of child mortality in 2013 identified PTB birth 

complications and infections to be the two major causes of neonatal deaths in India[10]. In addition, 

surviving preterm babies are at greater risk for short-term health complications including acute 

respiratory, gastrointestinal, infectious, central nervous system, hearing, and vision problems, and 

long- term neuro-developmental disabilities such as cerebral palsy, impaired learning and visual 

disorders, as well as chronic diseases in adulthood[11, 12].  

 

Addressing PTBs is essential in order to progress on Sustainable Development Goal (SDG) 3, to reduce 

the neonatal mortality rate (NNMR) to as low as 12 per 1000 live birth[13] especially in countries with 

high burden of PTB. Despite the magnitude of the problem, there is no established early pregnancy-

screening test or effective treatment for women once a high risk of spontaneous preterm birth (sPTB) 

is ascertained[14].  

 
In high resource settings, there is the option for mid-trimester risk prediction using  transvaginal 

ultrasound measurement of cervical length measurement and cervico-vaginal fetal fibronectin[14-18] 

for identification and care of women who are already deemed to be at risk due to clinical history 

(previous PTB, previous mid-trimester miscarriage or premature rupture of membranes). These tests 

for predicting PTB risk are invasive, expensive, require skilled workforce and facilities and are not 

feasible for rural Indian setting where such facilities are largely unavailable or scarce. Development of 

an acceptable, non-invasive, ‘point of care’ test for accurate prediction of women at risk of early PTB 

has considerable potential to reduce infant deaths in low-resource settings through improvements in 

antenatal and postnatal care uptake and or by referral of high risk women to higher level health 

facilities with experience in care of vulnerable infants.  A small study in the UK has indicated that 

salivary progesterone concentrations are significantly lower from 24 weeks of pregnancy in women, 



who had a spontaneous PTB (<34 weeks gestation)[19].  This highlighted the potential of using salivary 

progesterone measurements for the prediction of early preterm labour and determining specific 

women that might benefit from intervention[12, 20-25]. Subsequently, two further studies have 

confirmed the predictive potential of salivary progesterone measurements in urban populations in 

India (high risk women)[26] and Egypt[27] (high risk and low risk women). Both indicated that salivary 

progesterone can identify women destined to deliver <34 weeks with a sensitivity, specificity, positive 

and negative prediction values of 83-84%; 86-90%, 60-89.8% and 85.9-95% respectively. With this 

backdrop, our study aim is to assess and validate the use of a non-invasive salivary progesterone test 

in a community setting where there is limited or no routine intervention for PTB, to obtain definitive 

evidence to support the widespread introduction of salivary progesterone testing for PTB in India. 

 

Objectives 
To evaluate the feasibility and accuracy of saliva progesterone test to predict PTB at <34 weeks and 

<37 weeks’ gestation in rural settings in Madhya Pradesh. The specific objectives of the project were: 

 

1. To determine the association and assess the performance of a salivary progesterone test 

(specificity, sensitivity, predictive value and Receiver Operating Characteristic ROC) for 

prediction of PTB risk  

2. To train the frontline health workers on collection, storage and transportation of salivary 

progesterone sample and technicians on analysis of the sample  

3. To assess the feasibility, and acceptability to women and health care workers, of using salivary 

progesterone in the rural settings 

 

Methods 
 

The hypothesis was to successfully validate of the salivary progesterone test could provide an 

inexpensive, easy to use, non-invasive and acceptable test for early detection of risk of PTB among 

pregnant women in rural India.  

Study Sites 
This study was carried out in the state of Madhya Pradesh, India. The NNMR of Madhya Pradesh is 34, 

which is quite higher than the national average [28]. Two districts (Panna and Satna) with high fertility 

(Crude Birth Rate: 31.3 and 28.2respectively) and high rates of NNMR (61- 57 per 1000 live births)[29] 

particularly resulting from births <34 weeks[30]and an infant mortality rate of 85 per 1000 live births 

were selected. Major contributors to PTB/neonatal mortality[21] in these tribal dominated districts 

are poverty, physical stress, malnutrition, poor public health facilities and low health service 

utilization. Two blocks each covering more than 100,000 populations were included from each district.  

Study Design 
A prospective observational cohort study was conducted to recruit 2000 pregnant women from the 

two districts of Madhya Pradesh (figure 1). Mapping was conducted by the field staff to identify areas 

that had comparable population density and somewhat comparable geographic size, with natural 

boundaries noted.  



Figure 1-Study area, States Madhya Pradesh, Districts Panna and Satna 

 

Pregnant women were identified and consented early in pregnancy so that an accurate dating scan 
can be achieved, and baseline obstetric history and demographic data were obtained.  
 
 
To achieve objective 1 of the study (section 1 - Quantitative), women were asked on a subsequent 
visit to provide a saliva sample between 24-28 weeks of pregnancy. Women were followed-up till 
delivery for birth outcomes. 
 
To achieve objectives 2 and 3 (section 2), a mixed methods study was undertaken to explore 
knowledge of PTB in frontline healthcare workers, and the acceptability and feasibility of salivary 
progesterone testing through a survey and structured interviews, respectively. Participating 
healthcare workers were government instituted community health care workers, ASHAs, whose 
primary role is health education and promotion of good health practice and health service accessibility 
and utilization. ASHAs were instrumental in recruitment of pregnant women for the study, and thus 
capacity building through training was essential for effective implementation. Furthermore, the 
acceptability of salivary progesterone test was assessed among pregnant women eligible for the study. 
 

Study Duration 
The study was conducted for a period of 34 months. The major activities included project planning, 
gaining of ethical approval, training of frontline functionaries and laboratory technicians, line listing 
and recruitment of pregnant women, salivary sample collection, storage and transportation and batch 
analysis of saliva progesterone.  
 

Participants 
Women were identified as early in pregnancy as possible (ideally <12weeks’ of gestation). The list of 

eligible pregnant women was obtained from the local Accredited Social Health Activist (ASHA) workers 

and the local awareness campaigns by the study’s outreach workers (ORW). The ORWs established 

rapport with the pregnant women and family members. The ORWs provided information to pregnant 

women about pregnancy health care, PTB and the importance of PTB screening. Any woman appearing 

as needing medical attention was encouraged to attend their local health facility by the ORW. 

 

Satna

India 

New 
Delhi 

Panna



Inclusion & Exclusion criteria at time of recruitment  

Inclusion Criteria: 
1. Women whose pregnancy is confirmed were registered.   

2. Women with singleton pregnancy 

3.      Pregnant women whose gestation period was established by ultrasound scan  

Exclusion criteria:  
1. Pregnant women unwilling or unable to give informed consent 

2. Women unable to give informed consent 

3. Pregnancy not dated by ultrasound (or by late ultrasound > 20 weeks).  

4. Failure to confirm viable intrauterine pregnancy by ultrasound scan  

5. Women with multiple pregnancy   

 

Demographic and pregnancy outcome data was retained for women whose pregnancies were only 

dated by last menstrual period as this contributed to understanding of clinical factor and PTB.   

At the time of saliva collection, women’s consent was taken for the provision of a saliva sample for 

progesterone analysis. Women unable or unwilling to provide a saliva sample were retained in the 

study for clinical data collection.  

Process of recruitment 
All participants were provided with a participant information sheet (PIS) with verbal translation 

available for local language speaking women. Women consent was taken by an appropriately trained 

study staff (i.e. district coordinator or outreach worker). They were provided information about the 

study and were allowed adequate time to read the participant information sheet and provide written 

informed consent. Due consideration was given for women with impaired hearing and illiteracy.  

The consent form was filed in the participants’ consent form file in study number order and stored in 

a locked filing cabinet at the District Outreach office separated from study data.  

 

• demographic information

• Reproductive history 

• USG facilitated (ideally 
before 14 weeks)

• Provided with an Unique ID

Initial contact with 
potential participants

• Consent and recruitment

• Information about the 
study

First Household visit
• USG for fetal 

measurements

• Random check by 
consultant radiologist from 
MGIMS

ANC for 
ultrasonography

• Collect saliva sample 
between 24 and 28 weeks

Visit for sample 
collection



Section 1 

Sample collection procedure  
Women were encouraged to provide saliva sample after an overnight fasting. Sample collection within 

60 minutes after eating a major meal or within 12 hours after consuming alcohol was strictly avoided. 

Acidic or high sugar foods can compromise assay performance by lowering sample pH and influencing 

bacterial growth. To minimize these factors, participants were asked to rinse mouth thoroughly with 

water 10 minutes before sample was collected. Saliva was collected by the passive drool method into 

a small container. The start time was noted, and a sample of at least 5 ml of saliva was be collected 

into graduated labelled polypropylene container over approximately 5-10 minutes and then placed 

into ice.  Saliva samples visibly contaminated with blood were discarded and recollected where 

possible within the 7 days. 

Sample transportation and storage 
The unique Patient ID was used (along with other time and date information) to track sample 

collection and storage. Samples were stored at the district field office at -20°C until dispatched to the 

MGIMS laboratory. The samples were transferred within 30 minutes to district field office. All the 

samples in district office were kept at -20°C. Frozen samples were transferred using cold (4°C) 

transportation carriers and were sent to the MGMIS laboratory for progesterone ELISA analysis in 

batches. This approach includes a planned freeze-thaw cycle to ensure that samples arrived cold 

(temperature monitored on arrival; thawed samples were divided into two aliquots (barcode labelled) 

for storage at -80°C and future analysis of progesterone by ELISA (Demeditec Diagnostics GmbH, CAT 

No. DES 6633). 

 

Sample Processing and analysis 
All saliva samples were frozen once before performing the assay, followed by vortexing (for 15 

minutes at 1500*g or @3000 rpm) after the sample was thawed. This procedure helped break up 

the mucus, and it was then be centrifuged into the bottom of the tube. Any other cellular debris or 

food particles if present were also removed in this step. The sample was removed for testing from 

the clear solution, avoiding the pellet in the bottom of the tube. Due to the viscosity of saliva, 

greater accuracy in sample volume was obtained by aspirating slowly, so as to avoid the formation of 

bubbles. The samples were kept cold after collection (4ºC) and frozen (-20º to -80ºC) as soon as 

possible. Tubes were Re-centrifuged following each freeze-thaw cycle since additional precipitates 

develop upon refreezing. Samples were at room temperature before adding to assay plate. The 

immunoassay was undertaken for the in vitro quantitative measurement of active free progesterone 

in saliva with the help of ELISA analyser. Clear sample was pipetted into appropriate wells. The 

ziplock pouch with the plate strips was kept closed until warmed to room temperature as humidity 

may have an effect on the coated wells. The unopened reagents for ELISA were stored at 2-8-degree 

temperature. They were stable till the expiration date. 

 

Follow up visit  
The recruited participants of the study were visited to collect information about pregnancy outcome 

(e.g. time and date of delivery, gestation at delivery, medications received and total inpatient nights) 

and neonatal outcome (e.g. male or female, live/dead, birth weight, congenital abnormality, any 

neonatal complications and date of discharge).  Additional/missing details of any pregnancy 

complications were tracked through their registered antenatal care visits cards.  



 

Exit from the study 
The delivery outcome information was obtained during the final visit by ORWs from all the registered 

women in the study (i.e. also including women who did not get a USG, were outside the study 

gestation window, or did not provide saliva).  

Data Management  
A data safety monitoring board (DSMB), responsible for data management, reporting, protocol sharing 

and regular reviews, was convened with members from the three collaborating institutions (MGIMS, 

MAMTA and Kings College London). 

Study Size 
Based on the PTB rates in two study districts (~23%), recruitment of 2000 women was taken as study 

size which could potentially identify 460 preterm deliveries at <37 weeks’ providing ample power to 

predict PTB at this gestation and to use data for discovery and validation 

Statistical methods 
After study completion, data was downloaded into a statistical package in the statistical package Stata, 

version 15 and additional data cleaning checks applied. Clinical and pregnancy outcome data was 

described for the whole cohort.  

Women with missing values for key variables were first removed from the data set.    Only gestational 

age as determined by scan was accepted, with ages validated by a consultant radiographer given 

preference.  We then carried out a series of logistic regression models to see if salivary progesterone 

levels were associated with premature delivery; before 37 weeks and before 34 weeks.  Since the data 

was positively skewed, we calculated the median values of salivary progesterone levels along with 

interquartile range at 25th and 75th percentiles. Mann Whitney test was applied to see the difference 

in median saliva progesterone levels between women with gestation at delivery < 34, 34-36+6 weeks, 

and those with gestation at delivery >=37 weeks. 

Logistic regression models were run on the log-transformed values. Corrections were made for 

parity, maternal age, and District.  The usefulness of the resulting models was assessed using ROC 

areas [30]. 

This analysis was repeated for all women and for women with saliva samples within the pre-

specified window (24+0 to 28+6 weeks’ gestation). 

Section 2 
Data Collection procedures  

Pre-post training questionnaire – ASHAs 

A questionnaire of 25 items was designed to collect information on ASHAs expertise, employment, 

work experience and general knowledge of PTB and neonatal care. The questionnaire was 

administered to 201 ASHAs recruited in the PROMISES study before and after training within both 

districts (n=112 from Panna, n=89 from Satna). 

Cross-sectional questionnaire – Women 



Survey of the first 500 pregnant women participating in PROMISES exploring women’s experiences of 

salivary progesterone testing and its acceptability by the women. 

Interviews – Women & ASHAs 

Through opportunity sampling, ASHAs (n=10) and pregnant women (n=9, PROMISES study 

participants) were interviewed by the local research team. Interviews were face-to-face, structured 

and informational, exploring the health services provided to pregnant women, the role of ASHAs in 

caring for pregnant women and managing PTB, and women’s thoughts on PTB and their experiences 

of salivary progesterone testing including feasibility and any challenges of this test within the rural 

setting. Interviews were audio-recorded (with the participants’ consent), transcribed verbatim and 

translated into English. 

Statistical methods 

Descriptive analysis of questionnaire data was conducted in IBM SPSS version 24 with results 

expressed as counts and percentages. Knowledge before and after training was compared by the 

McNemar Test and a value of 0.05 considered to indicate statistical difference. 

Analysis of the 19 interviews was conducted by two members of the team [SAS, DCA], with some 

preliminary analysis undertaken by a third member [PS].  Codes and generated themes were cross-

checked with members of the wider PROMISES team.  A thematic framework analysis was employed 

(Spencer, Ritchie, and O'Connor 2014) focussing on the perceptions of the intervention, the 

influencing factors which affected women’s engagement with the service; and the function and 

implementation of the intervention.  The framework was devised and agreed [SAS, DCA] using the 

overarching research questions, the interview schedules, and notes made when familiarising with the 

interview transcripts. 

In-line with a multi-disciplinary approach to thematic framework analysis (Gale et al. 2013), interviews 

were first read in their entirety by three analysts to achieve familiarity with the interview content.  

One of the analysts had undertaken some of the interviews [PS], whilst the other two had not been 

involved in the data collection [DCA, SAS].  Interviews were then uploaded into NVivo for data 

management and analysis.  Coding was focused using the framework to guide analysis. Theme names 

within the framework were adapted and refined as the analytical processes went on.  Analysis was 

completed in a way which met both public and global health needs whilst being sensitive to the socio-

economic and cultural environment in which these participants resided (Pope, Ziebland, and Mays 

2000; Squires 2008, 2009).  Theme saturation was reached after analysis of approximately 40% of 

transcripts had been analysed, which although achieved with relatively few transcripts, is unsurprising 



given the structured nature of the interviews.  It has also been found in studies of qualitative data 

saturation that themes can appear saturated with comparatively low numbers of participants, 

especially if interviews have been focussed on a specific phenomenon or life event (Guest, A., and 

Johnson 2006). For each of the main themes, data were charted, and matrices used to analyse 

patterns, sorting by participant status (i.e. ASHAs or women) and divided into barriers and facilitators.  

The most eloquent example quotations have been selected to represent the themes and analysis. 

 

  



Results and Findings 
 

Section 1  

Participant Flowchart 
Presented below is a flowchart depicting the number of women enrolled, numbers lost to follow-up, 

numbers for whom USGs were done, the number of women subjected to salivary sampling, and the 

number of women who have delivered, total valid cases.   

Line listing and recruitment of pregnant women:  
In total 3296 women have been registered in the study.  Out of these 912 registered women were loss 

to follow up for ultrasonography due to migration, miscarriage, crossing the gestational age for 

sonography, gestational age of more than 20 weeks after sonography.  

After USG few women opted out of the study as they were found in the gestational age of >28 weeks 

or with multiple pregnancy, or dead foetus, or false pregnancy.  

 

Thus eligible women for USG after loss to follow up were 2384 and for the same number of women 

USG was conducted.  

 

Further, few women dropped out after the USG was conducted (346) due to various reasons like high 

gestational age, not agreeing to provide saliva, miscarriage and abortion, out of village, multiple and 

false pregnancies etc.  

Salivary Sample Collection, Storage at Health Worker level & Transportation:  
Thus the number of women eligible for saliva collection were 2038 and the saliva was collected for 

the same numbers. Saliva progesterone levels could be analysed for 1949 women due to inadequate 

sample, spillage, contamination etc. The total number of usable saliva samples with known gestational 

age at delivery was 1900 and between 24-28+6 weeks was 1427. 

Delivery outcomes 
During the project, all registered women were reached for tracking the delivery outcomes. However, 

out of 3296, delivery outcome information could be collected from 2881 women.  

 

 

 

  



 

Flow chart 

 

 

 

 

Figure 2- Participant Flowchart 



Demographic Information 

The following table gives the demographic profile of women by the type of delivery (preterm and 

term). Out of the total women registered in the study 35% were from Panna and 65% from Satna 

with preterm delivery. In Panna, amongst the women delivering preterm, 64% were from Panna 

block and 36% from Gunna Block. While the preterm births in Satna, 62% were from Nagod block 

and 38% Raghurajnagar block. Mean age of the women was 23.7 in completed years and were 

married young with mean age at marriage as 19.78 years. The mean age of the husbands of these 

women was 26.5 years. Most of the women had received 8 years of education (mean years of 

education was 8.45). Further, majority of the women were housewives (84%) followed by wage 

earners (13.3%). Most of husbands of these women were daily wage earners (69.5%). Majority 

(69.8%) of the women had a family income of less than or equal to Rs. 2500. Out of the women who 

delivered preterm 72% had income equal to or less than Rs.2500 while out of the term deliveries 

69% were in the before mentioned income category. The majority religion followed was Hinduism 

(96.1%), and 38.1% and 38.6% belonged to the scheduled caste and other backward class categories 

respectively. The demographic profile was similar for women who delivered preterm and for those 

who delivered at term. Only 1.3% and 0.7% had ever used tobacco and alcohol, respectively, with 

the number slightly higher among those delivered term. 

The demographic profile of the preterm and term delivery is presented in the table below. This 

status is irrespective of the salivary progesterone collection status. 

Table 1 Demographic characteristics of the women by preterm and term delivery (women with saliva progesterone) 

 Preterm Term Both groups 
Combined 

District N=388 N=1512 N=1900 
Panna 135 (34.8%) 538 (35.6%) 673 (35.4%) 
Satna 253 (65.2%) 974 (64.4%) 1227 (64.6%) 
Block I N=135 N=538 N=673 
Panna 86 (63.7%) 291 (54.1%) 377 (56.0%) 
Gunna 49 (36.3%) 247 (45.9%) 296 (44.0%) 
Block II N=253 N=974 N=1227 
Nagod 157 (62.1%) 456 (46.8%) 613 (50.0%) 
Raghurajnagar 96 (37.9%) 518 (53.2%) 614 (50.0%) 
Maternal 

Information 
   

Mothers current 
age  

23.96 (3.31) 23.72 (3.10) 23.77 (3.15) 

Mothers age at 
marriage 

19.71 (1.89) 19.80 (2.12) 19.78 (2.08) 

Education of 
woman 

8.27 (3.12) 8.50 (3.37) 8.45 (3.32) 

Mothers 
Occupation 

334 (86.1) 1274 (84.3) 1608 (84.6) 

Housewife 334 (86.1) 1274 (84.3) 1608 (84.6) 
Daily wage earner 43 (11.1) 208 (13.8) 251 (13.2) 
Government 

Employee  
5 (1.3) 4 (0.3) 9 (0.5) 

Agriculture  5 (1.3) 16 (1.1) 21 (1.1) 
Other 1 (0.3) 10 (0.7) 11 (0.6) 



Paternal 
Information 

   

Husbands Current 
age 

26.74 (3.62) 26.48 (3.31) 26.53 (3.37) 

Husbands age at 
marriage 

22.36 (2.57) 22.43 (2.58) 22.41 (2.57) 

Education of 
husband 

8.93 (3.38) 9.31 (3.45) 9.23 (3.44) 

Husbands 
occupation 

   

Not working 5 (1.3%) 32 (2.1%) 37 (1.9%) 
Daily Wage earner 271 (69.8%) 1052 (69.6) 13123 (69.6) 
Government 

Employee 
8 (2.1%) 24 (1.6%) 32 (1.7%) 

Agriculture  68 (17.5) 272 (18.0) 340 (17.9) 
Other 36 (9.3) 132 (8.7) 168 (8.8) 
Monthly Income N=388 N=1512 N=1900 
Up to Rs 2500 280 (72.2) 1049 (69.4) 1329 (69.9) 
2501-5000 Rs 86 (22.2) 376 (24.9) 462 (24.3) 
5001-7500 Rs 15 (3.9) 56 (3.7) 71 (3.7) 
7501 5 (1.3) 18 (1.2) 23 (1.2) 
>10,000 2 (0.5) 13 (0.9) 15 (0.8) 
Religion N=388 N=1512 N=1900 
Hindu 373 (96.1) 1448 (95.8) 1821 (95.8) 
Muslim 12 (3.1) 63 (4.2) 75 (3.9) 
Other 3 (0.8) 1 (0.1) 4 (0.2) 
Caste N=388 N=1512 N=1900 
General 59 (15.2) 213 (14.1) 272 (14.3) 
Scheduled caste 131 (33.8) 592 (39.2) 723 (38.1) 
Scheduled Tribe 32 (8.2) 140 (9.3) 172 (9.1) 
Other 166 (42.8) 567 (37.5) 733 (38.6) 
Have you ever smoked or used tobacco in any form (mother) 
No 379 (97.7) 1498 (99.1) 1877 (98.8) 
Gave up before 

pregnancy 
4 (1.0) 3 (0.2) 7 (0.4) 

Still using 5 (1.3) 11 (0.7) 16 (0.8) 
If you have smoked or used tobacco products in the last 12 months when did you last do so 
 N=9 N=14 N=23 
6 months ago 1 (11.1) 2 (14.3) 3 (13.0) 
1-3 months ago 2 (22.2) 1 (7.1) 3 (13.0) 
In the last month 1 (11.1) 0 (0.0) 1 (4.3) 
Not known 5 (55.6) 11 (78.6) 16 (69.6) 
Cigarette/Beedi 0/388 0/1512 0/1900 
Hookah 0/388 (0.0) 0/1512 (0.0) 0/1900 (0.0) 
Paan masala with 

tobacco 
1/388 (0.3) 8/1512 (0.5) 9/1900 (0.5) 

Khaini 0/388 (0.0) 1/1512 (0.1) 1/1900 (0.1) 
Non tobacco pan 

masala 
6/388 (1.5) 6/1512 (0.4) 12/1900 (0.0) 

Paan with tobacco 2/388 (0.5) 0/1512 (0.0) 2/1900 (0.1) 



Any tobacco or 
pan 

9/388 (2.3) 14/1512 (0.9) 23/1900 (1.2) 

Do you consume any drink containing alcohol? (mother) 
 N=388 N=1512 N=1900 
No 388 (100) 1511 1899 (99.9) 

p-value > 0.05 for Chi-square test between preterm and term groups for all the indicators 

 

Gestation at delivery  

For women in whom gestation at delivery was confirmed by ultrasound and provided a saliva sample 

with a reliable progesterone the gestation age at delivery was calculated. About 8% women 

delivered before 34 weeks,12% between 34-36 weeks and 80% after completion of 37 weeks. The 

overall percentage delivering before 37 weeks was 20.42% (N=388).  

Table 2 Percentage of women by gestational age at delivery 

Gestation at Delivery  

Gestation age 
(weeks) 

Freq Percentage 

<34  157 8.26 
34-36 231 12.16 
37 plus  1512 79.58 

Total 
 

1900 100 

   

 

Gravidity and Parity 
Most of the women enrolled in the study were single gravida (45.6%) followed by gravidity 2 in 34% 

of the women. About 20% women had three or more gestations (3+ gravida). Among the women 

enrolled 46.8% were nulliparous and 33.3% were primiparous. Most of the women, 80% had parity 

of less than or equal to 1.  

Table 3- Gravidity and Para in women enrolled (N=1900) 

Gravidity Freq Percent Cum 

1 867 45.63 45.63 
2 646 34.00 79.63 
3 246 12.95 92.58 
>3 141 7.42 100 
Total 1900 100  
Parity    
0 890 46.84 46.84 
1 634 33.37 80.21 
2 241 12.68 92.89 
3 97 5.11 98.00 
>3 38 2.00 100 
Total 1900 100  

 



Median salivary progesterone 
The women were classified into gestational age at delivery and the median salivary progesterone 

(pg/ml) was calculated. The women with gestational age at delivery less than 34 weeks at salivary 

progesterone value of 437.60 pg/ml/ The women who delivered at 34-36+6 weeks had a median value 

of salivary progesterone as 377.54 pg/ml. For women with gestational age more than 37 weeks the 

median salivary progesterone value was 353.62 pg/ml.  

 

Table 4- Median saliva progesterone with 25th and 95th percentiles by gestation at delivery group (n=1900), EDD by Scan 
and saliva taken at any point). 

Gestation at delivery N (%) Median (SD) saliva 
progesterone (pg/ml) (25th & 
75th percentiles) 

<34 157 437.60 (189.92, 783.24)* 
34-36+6 weeks 231 377.54 (180.06, 719.50)** 
>37 weeks 1512 353.62 (105.69, 724.50) 

*P=0.06, **P=0.07 

Gestational age, saliva sample and salivary progesterone values 
When plotted on the scatter plot the gestational age at delivery (verified by ultrasound) depicts a 

non-linear, neither positive nor negative and weak relation to the salivary progesterone. There are 

outliers in terms of the gestational age at delivery with few before 30 weeks and few after 40 weeks. 

 

 

Relation between salivary progesterone and gestation age at delivery  
 

Logistic Regression Analysis 
Logistic regression was carried out to assess the association of saliva progesterone with gestation 

age at delivery. There was no significant association between the two when adjusted for age only 



and parity only. However, when adjusted for district only, there was a significant association with a 

significant increase in progesterone leading to increase in PTB <34 weeks when corrected for age, 

parity and district.  

Unadjusted logistic regression showed a significant association between saliva progesterone and 

preterm delivery before 37 weeks with higher progesterone related to PTB < 37 weeks. The 

association was significant even after adjusting for age, parity and district (Table 5b). 

 

 

 

Table 5a Logistic Regression For Prediction Of Prematurity Before 34 Weeks Using Whole Cohort N=1900 With Scan Edd And 
Saliva Progesterone Measurement 

Salivary progesterone 
(10-fold difference) 

N Odds ratio 
(95% CI) 

P value 

Uncorrected 1900 1.22  
(0.97 to 1.56) 

0.093      

With parity correction 1900 1.24 
 (.97 to 1.58) 

0.080 

With age correction 1900 1.22 
 (.96 to 1.56) 

0.098 

With District correction 1900 1.32  
(.54 to 1.13) 

0.041 

With correction for 
parity age & district 

1900  1.327072   
(1.01 to    1.74) 

0.040 

 

Table 5b Logistic Regression for Prediction of Prematurity Before 37 Weeks Using Whole Cohort N=1900 With Scan Edd And 
Saliva Progesterone Measurement 

Salivary progesterone 
(10-fold difference) 

N Odds ratio 
(95% CI) 

P value 

Uncorrected 1900 1.313794 
1.113366 to 

1.550302 
 

0.001 

With parity correction 1900 1.318831 
1.116527 to  1.55779 

0.001 

With age correction 1900 1.315799 
1.114531 to 

1.553412 

0.001 

With District correction 1900 1.384232 
1.150911 to  

1.664854 

0.001 

With correction for 
parity age & district 

1900 1.387085 
1.151804 to 

1.670428 

0.001 

 



ROC Curve Analysis 
The ROC curve showed no predictive utility of the saliva progesterone for pre-term births. ROC area 

of 0.5 corresponds to chance, values between 0.5 and 1 show progressively better predictive power; 

0.7 and above typically have moderate to excellent clinical usefulness. As these ROC areas are <0.7, 

they are not likely to be useful. In the figures, the diagonal line represents chance and the top left-

hand corner a perfect test (Figures 3a and 3b). 

 

 

Figure 3a Receiver Operator Characteristic curve demonstrating that saliva progesterone measured at any gestation does 
not predict preterm birth <34 (EDDs determined by ultrasound, n=1900). 

 

 



Figure 3b Receiver Operator Characteristic curve demonstrating that saliva progesterone measured at any gestation does 
not predict preterm birth <37 weeks (EDDs determined by ultrasound, n=1900).

 

 

ANALYSIS BASED ON SALIVIA SAMPLES THAT WERE TAKEN IN RANGE (24-28+weeks) 

BASED ON SCAN EDD (n=1427).  

Gravidity and Parity 
Most of the women who provided saliva samples between 24-28+ weeks were single gravida (45.8%) 

followed by gravidity 2 in 34% of the women. About 13% women had three or more gestations (3+ 

gravida). Nearly half of the women (46.7%) were nulliparous while quarter (33.4%) were 

primiparous. Most of the women (80%) had parity of less than or equal to 1.  

Table 6 Gravidity and Para in women who provided saliva samples between 24-28+ weeks of gestation (N=1427) 

Gravidity Freq Percent Cum 

1 654 45.83 45.83 
2 482 33.78        79.61 
3 188 13.17        92.78 
>3 103    7.22       100 
Total 1427       100  
Parity    
0 667 46.74        46.74 
1 476 33.36        80.10 
2 184 12.89        92.99 
3 76 5.33 98.32 
>3 24 1.68       100 
Total 1427 100  

 

Median salivary progesterone 
The women were classified into gestational age at delivery and the median salivary progesterone 

(pg/ml) was calculated. The women with gestational age at delivery less than 34 weeks had median 



salivary progesterone levels of 522.26 Pg/ml. The women who delivered at 34-36+6 weeks had a 

median value of salivary progesterone as 452.48 pg/ml. For women with gestational age more than 

37 weeks the median salivary progesterone value was 353.32 pg/ml. 

 

Table 7-Median saliva progesterone with 25th and 95th percentiles by gestation at delivery group (n=1427), EDD by Scan and 
saliva taken at any point). 

Gestation at delivery N Median (SD) saliva 
progesterone (pg/ml) (25th & 
75th percentiles) 

<34 60 522.26 (189.26, 839.50)* 
34-36+6 weeks 133 452.48 (218.67, 774.01)** 
>=37 weeks 1234 353.32 (105.17, 728.39) 

* P=0.027, P=0.003 

Relation between salivary progesterone at delivery for N=1427 (samples in range 24-

28+6 weeks) 
 

 

Logistic Regression analysis 
 

There was no significant association between the two when adjusted for age only and parity only. 

However, when adjusted for district only, there was a significant association with a significant 

increase in progesterone leading to increase in PTB <34 weeks when corrected for age, parity and 

district (Table 8a). 

Unadjusted logistic regression showed a significant association between saliva progesterone and 

preterm delivery before 37 weeks with higher progesterone related to PTB < 37 weeks. The 

association was significant even after adjusting for age, parity and district (Table 8b). 

 

Table 8a Logistic regression for prediction of Prematurity before 34 weeks using data from women who have saliva samples 
collected in range (24-28+6 weeks) based on SCAN EDD, n=1427. 

Salivary progesterone 
(10-fold difference) 

N Odds ratio 
(95% CI) 

P value 

Uncorrected 1427 1.449903 
(.9542835 to   

2.202928) 

0.082 

With parity correction 1427 1.480969   
.9710171 to 

2.258733 

0.068 

With age correction 1427 1.448655 
.952463 to 

2.203343 

0.083 

With District 
correction 

1427 1.574996 
.9907175 to  

2.503855 

0.055 



With correction for 
parity age & district 

1427 1.600477 
1.003058 to 

2.553719 

0.049 

 

Table 8b Logistic regression for prediction of Prematurity before 37 weeks using data from women who have saliva samples 
collected in range (24-28+6 weeks) based on SCAN EDD, n=1427. 

Salivary progesterone 
(10-fold difference) 

N Odds ratio 
(95% CI) 

P value 

Uncorrected 1427 1.694526 
1.307715 to 

2.195753 

0.000 

With parity correction 1427 1.712961 
1.317785 to 

2.226641 

0.000   

With age correction 1427 1.69829 
1.309561 to 

2.20241 

0.000 

With Centre 
correction 

1427 1.617343 
1.221607 to 

2.141275 

0.001 

With correction for 
parity age & district 

1427 1.628759 
1.225956 to 

2.163907 

0.001 

 

ROC Curve analysis 
The ROC curve showed no predictive utility of the saliva progesterone for pre-term births. ROC area 

of 0.5 corresponds to chance, values between 0.5 and 1 show progressively better predictive power; 

0.7 and above typically have moderate to excellent clinical usefulness. As these ROC areas are <0.7, 

they are not likely to be useful. In the figures, the diagonal line represents chance and the top left-

hand corner a perfect test (Figures 4a and 4b). 

Figure 4a Available samples ‘in range’ Receiver Operator Characteristic curve demonstrating that salvia progesterone 
measured mid gestation (24-28 weeks) does not predict preterm birth <34 weeks of gestation (EDDs determined by 
ultrasound, n=1427) 

 



.  

Figure 4b Available samples ‘in range’ Receiver Operator Characteristic curve demonstrating that salvia progesterone 
measured mid gestation (24-28 weeks) does not predict preterm birth <34 weeks of gestation (EDDs determined by 
ultrasound, n=1427)  

.  

 

Section 2 
 

Two hundred and one ASHA’s completed the training programme. Table 3 shows the geographic and 

demographic characteristics of ASHA’s undertaking the training programme, of the 201 ASHA’s 56% 

were from the PANNA district and 44% from SATNA district. Although there was a range in experience 

levels of the ASHA’s on average they had a high level of education and advanced experience. 



 

Pre-post training programme assessment – ASHAs 

Before the one-day training programme, approximately three quarters of the ASHAs had heard of PTB, 

however their knowledge of the risk factors, causes and postnatal support required for PTB was very 

limited (Table 2). After the training programme, there was a significant improvement in the ASHA’s 

knowledge of PTB compared with before training, with a 21% increase in the proportion of ASHAs that 

had heard of PTB, 49% increase in knowledge that PTB can cause newborn death, 52% increase in 

additional postnatal support required after PTB and 37% increase in correct knowledge of PTB risk 

factors. Before the training programme none of the 201 ASHAs were aware of a potential test for PTB, 

this is compared with 61% after training.  

 

Over half of the ASHA’s reported they had experience of caring for women with PTB (Table 3), however 

their experience of providing women with information on PTB showed that over a quarter of the 

women are not interested in the information provided and over 90% of those who answered this 

question said family members were not interested in the information. 

 

Cross-sectional assessment – Pregnant women 

 

Despite all 500 women reporting the salivary test was acceptable and 84% finding the test easy, 82% 

reported the test was not better than drawing blood and 100% did not think the test was quick. What 

women disliked about the test was not clear as only three women reported they disliked associated 

mouth dryness, gagging or any embarrassment.   

 

Table 9 Geographic and demographic characteristics of ASHA’s undertaking the preterm birth training programme. 

Variable 
(n=201) 

N % 

District  
  Panna 
  Satna 
 

 
112 
89 

 
55.7 
44.3 
 

Years of education 
  ≤5 years 
  6-9 years 
  10-14 years 
  ≥15 years 
  Mean (Standard deviation) 
 

 
7 
68 
110 
16 
10.15 (2.32) 

 
3.5 
33.8 
54.7 
8.0 

Years of experience as an ASHA 
  ≤4 years 
  5-8 years 
  9-12 years 

 
37 
70 
94 

 
18.4 
34.8 
46.8 



  Mean (Standard deviation) 
 

7.50 (3.11) 

 
Table 10 ASHA’s knowledge of preterm birth (PTB) before and after training programme 

Question 
(n=201) 

Before training 
 

After training 
 

P 
value 

N % N % 
PTB identified 

as a cause of 
newborn death 

 

97 
 

48.3 
 

196 
 

97.5 
 

0.000 

Had heard of 
PTB 

   

151 75.1 
 

193 
 

96.0 
 

0.000 

Correctly 
defined PTB by 
gestation  

(< 37 weeks)  
   

49 24.4 
 
 

78 38.8 
 

0.253 

Correctly 
identified 
additional 
postnatal support 
needed for PTB   

 

31 15.4 
 

135 67.2 
 

0.000 

Correct 
knowledge of 
potential risk 
factors for PTB 

 

10 5.0 
 
 

84 
 

41.8 
 

0.000 

Had any 
awareness of a test 
for PTB? 

   

0 
 

0.0 
 

122 60.7  
 

. 

Discussion and Conclusion 
 

In low resource settings the importance of having interventions and point of care testing for predicting 

PTB has been emphasized in many research publications. [31] Subsequently, salivary progesterone 

has proven to have some predictive potential for PTBs though the past studies have had a selected 

population and sample. Thus the present study was a unique attempt in establishing an association 

between salivary progesterone and PTBs through following a prospective cohort of pregnant women 

up to their delivery outcomes. It was important to conduct this study in India as the country has the 

highest number of PTBs and preterm deaths worldwide[5], contributing to 25% of the overall global 

preterm related death; of a total 27 million babies born annually, 3.6 million babies are born preterm, 

and over 300,000 of these preterm babies die each year because of associated complications[5, 

8].Moreover the site selection as state MP was based on the fact that neonatal mortality rate (NNMR) 

of MP was 34 which is quite high as compared to national average  of 28 [32]. Further the districts 

selected had high fertility rates and high NNMR particularly resulting from births <34 weeks [33] and 

an infant mortality rate of 85 [34].  



Nationally, 43.7% of neonatal deaths in India are due to preterm birth complications. In a systematic 

review and modelling analysis for global, regional, and national estimates of levels of preterm birth in 

2014 estimated global preterm birth rate was 10·6%. The preterm birth rate was 10.4% for Asia, 8.7% 

for Europe, 9.8% for Latin America and the Caribbean, 11.2% for North America, 13.4% for North 

Africa, 10.0% for Oceania, 12.0% for Sub-Saharan Africa [10] Nationally, the highest estimated national 

rate for 2014 was 19·1% in Bangladesh, and India stood third with a preterm rate of 13.6% for 2014 

among the top ten countries with preterm birth rates. In the present study, the preterm birth rate was 

twice that of the global rate which was approximately 7% higher than for national rates of the country. 

Nearly 85% of preterm births occur in the late preterm period, and more than 80% occurred in Asia 

and sub-Saharan Africa. In the present study, nearly 60% of the preterm birth occurred in the late 

preterm period (34-36+6 weeks’ gestational age). 

There are several methodological factors that affect preterm birth rates. In general, the later the 

estimate of gestational age is made the greater is the uncertainty of that estimate [35]  Ultrasound 

early in pregnancy for measurement of foetal crown-rump length is considered the gold standard for 

assessment of gestational age, with an accuracy of around ±5–7 days.[35,36] Less accurate methods, 

such as last menstrual period, symphysis–fundal height measurement, the postnatal examination of 

the baby, or use of birth weight, are often used, particularly in low-income and middle-income 

countries where access to early antenatal ultrasound is poor or absent and may be incorrect by 4 

weeks or more. In the present study, every attempt was made to conduct ultrasound early in 

pregnancy, however, few ultrasounds could be conducted only during the early second trimester due 

to differences in LMP-based gestational age and gestational age identified by ultrasound. 

Apart from methodological factors that affect preterm births, maternal demographic characteristics 

such as low socioeconomic and educational status, low and high maternal ages, and single marital 

status also influence preterm birth [37-42]. In the present study, all the women with preterm and term 

births had mean age at marriage as 19 years and were young with a mean age of around 23 during the 

time of childbirth. Studies those report an association of maternal age with preterm births have found 

that low maternal age (i.e., ≤ 19 years old) or advanced maternal age (i.e., ≥ 35 years old) is associated 

with increased risk of adverse maternal perinatal outcomes including preterm births [37]. In the 

present study, women with preterm births had relatively lower household income than those who 

with term births however the difference was not significant. Further, all the women, irrespective of 

their gestational age at delivery, were educated up to 8 years. This likely explains the insignificant 

influence of socio-economic status on the preterm births in the present study since educated women 

tend to avail better maternal and child health services [40]. Most of the studies which indicate the 

significant association between socio-economic status and PTBs have been conducted at least a 

decade back. During this time India has witnessed improvement in maternal and child health services. 

There has been enhancement in uptake as well as availability of services. The proportion of pregnant 

women receiving the minimum 4 antenatal visits has increased from 37.0 to 51.2% during 2006–2016 

[41] and there have been initiatives to address the socioeconomic disparities viz antenatal care is 

provided free of cost at public health centres; introduction of schemes like Janani Shishu Suraksha 

Karyakram (JSSK), Pradhan Mantri Matru Vandana Yojana (PMMVY), a conditional cash transfer 

scheme, supplementary nutrition, innovative methods like specialized ANC camps. The above 

mentioned initiatives may have resulted in lowering the role of sociodemographic factors in PTBs.  

Studies have also indicated the influence of prenatal maternal occupation on pregnancy outcome with 

working mothers having low risk for adverse pregnancy outcomes [45-48]. Most of the women (nearly 



85%)in the present study were housewives while more women with term births were daily wage 

earners (13.8%) than those with preterm births (11.1%), and 1.3% with preterm births and only 0.3% 

with term births were government employees. The results indicate that the maternal occupation did 

not differ between the two groups.  

Furthermore, studies on behavioral factors have reported the risk of preterm births to tend to be 

higher in those who smoked or consumed alcohol [48-50]. In the present study, 1.2% of the women 

had ever smoked. Nationally, smoking use among women has doubled from 1.4% to 2.9% during the 

period 2005-2010 [48]. However, slightly more women who smoked had preterm births (2.3%) than 

those who did not (0.9%) while only 0.1% of women consumed any drink containing alcohol.  

In addition to the socio-demographic and behavioral factors, hormonal factors have been found to 

influence the preterm births. Therefore, the major aspect of the present study was to measure the 

salivary progesterone values and its correlation to prematurity. Since salivary progesterone excellently 

reflects free and total progesterone in plasma during pregnancy, it can serve as a valid substitute for 

plasma in the assay of progesterone and an alternative to plasma as a sample for use in follow-up 

during pregnancy [51]. Progesterone is essential for maintenance of pregnancy. It promotes uterine 

relaxation by suppressing the formation of gap junction, reducing prostaglandin synthesis and the 

concentration of oxytocin receptors in the myometrium. Therefore, several studies have looked at the 

role of salivary progesterone in preterm births and have found low progesterone values at 24-28 

weeks’ gestation to be associated with preterm births.  

In the present study, median salivary progesterone measured at 24-28 weeks’ gestation was found to 

be significantly higher in women with preterm births than in those with term births. However, these 

high progesterone levels did not significantly predict preterm births. The findings were in agreement 

with a US-based clinical trial which reported elevated salivary progesterone levels at less than 35 

weeks’ gestation [51]. This trial did not find any association between PTBs and reduced salivary 

progesterone. In an another study, Bell et al found that plasma progesterone in women was not found 

to be associated with PTB [52]. Many studies have also reported on the salivary estriol/progesterone 

ratio, and found that it is the increase in estriol rather than the decrease in progesterone that is 

associated with PTB [53,54].  

Nevertheless, several studies have found low progesterone levels to be the predictor of preterm 

births. A study performed by Priya et al. [26] examined the predictive utility of salivary progesterone 

for preterm birth in women with a singleton pregnancy and at least one identifiable risk factor for 

preterm birth, and salivary progesterone was measured at 24 to 28 weeks of gestation and repeated 

after 3-4 weeks.  Low salivary progesterone with a cut off value of<2575 pg/mL after 24 weeks of 

gestation was found to be the predictor of early PTB. In a study from the UK, serial salivary 

progesterone concentration was measured from 24 weeks of gestation in asymptomatic high‐risk 

women. They reported that the concentration of salivary progesterone was relatively lower to start 

with in women with early PTB (<34 weeks of gestation), and did not rise as the gestational age 

progressed [19]. In another prospective observational (noninterventional) study consecutively 

recruited asymptomatic women at high risk of spontaneous PTB. Salivary progesterone and cervical 

length (CL) were measured at recruitment (24-28 weeks of gestation) then repeated after 3-4 weeks. 

The rate of drop in salivary progesterone and CL measurements between the two visits was 

significantly higher among women with early PTB than those with late PTB and term birth [55] Another 



prospective observational study from Iraq concluded salivary progesterone can be used as a predictor 

of preterm delivery in high risk group [56]. 

Thus the present results regarding lack of association between salivary progesterone and PTBs can’t 

be convincingly refuted since studies exist proving and disapproving the association with key 

methodological differences. The primary difference being recruitment of symptomatic or high risk 

women with at least 1 PTB and secondly taking a serial recording of salivary progesterone and 

measuring the drop. Whereas in the present study the enrollment was not restricted to symptomatic 

or high risk women and one-time saliva collection was done. 

Moving further, the study also included the qualitative aspects for measuring the feasibility and 

acceptability of using salivary based tests for predicting preterm birth, and the training of community 

health workers to implement the test. This was answered using the mixed methods approach, 

whereby we were able to triangulate quantitative and qualitative data from both women and ASHAs. 

In terms of health care worker training, it was clear that although ASHAs understood the concept of 

PTB (57% had experience of caring for women with PTB), their baseline knowledge of the condition 

was limited despite over 80% of ASHAs reporting five or more years of work experience and the 

standard government-issued training which is provided to all ASHAs (Welfare 2013). ASHAs 

understood PTB was a cause of neonatal death, but did not have clarity over the gestation cut off as a 

definition for PTB. Results of the questionnaire showed a lack of understanding by ASHAs of antenatal 

risk factors, antenatal tests, and postnatal support for PTB and preterm babies. This is unsurprising as 

although community health workers have become a more integral part of the health workforce in 

LMICs [57], basic health literacy remains low [58].  In spite of this, previous literature has suggested 

that although health literacy may be universally poor, the work of community health workers is vitally 

important for hard to reach groups or those with high levels of social complexity [59-61]. 

Another aspect of the study was to determine the acceptability of the test within this setting. Saliva 

sampling, whilst not as invasive a blood sampling, has been disliked by women in the UK for various 

reasons due to embarrassment and dryness of mouth [62]. Reassuringly, both quantitative and 

qualitative data from women and ASHAs in the study, shows the saliva progesterone testing to be 

acceptable. This is useful information, not only for progesterone test, but also for any other future 

point-of-care biomarker test.   

The main strength of the present study was the prospective study design conducted at the population 

level with large sample size. Further, the gestational age was based on the USG dating since LMP-

based dating has its own drawback in terms of accuracy affected by the recall bias [35]. Further, all 

the data on delivery outcomes were collected soon after birth which makes it less vulnerable to recall 

bias. However, there are few limitations of the study that include loss to follow‐ up of enrolled 

mothers at different stages a) during follow-up for USG due to non-functional government USG 

centers during the initial stage of the study where private USG centers were then approached, 

miscarriage/abortion, migration, etc, b) after USG mainly due to migration to their parental houses, c) 

after saliva collection due to migration, and also loss of few saliva samples/spillage during 

transportation to diagnostic center and d) inadequacy of saliva samples for ELISA estimation. Other 

limitations included a) single measurement (between 24-28 weeks’ gestation) of saliva progesterone 

was done that limited the scope of understanding the changes in the levels of saliva progesterone in 

later weeks of gestation b) collection of saliva irrespective of the diurnal similarity since saliva 

progesterone levels do show diurnal variation [63], c) insufficient saliva collection in some cases  



Conclusively, in the present study the saliva progesterone presented low predictive utility for preterm 

births, but saliva testing is a feasible method that can serve as a point-of-care testing. Most of the 

studies that have reported the predictive utility of the low saliva progesterone levels with preterm 

births have done so based on the serial measurements of salivary progesterone after 24-28 weeks’ 

gestation. These studies observed a significant drop in the saliva progesterone levels at the time of 

delivery in women with PTB but a significant rise in saliva progesterone levels as the gestational age 

progressed in women who delivered at term. Therefore, it is likely that there might have been an 

increase in the saliva progesterone levels in women with higher gestational age at delivery in our study 

which could not be reported since we did not repeat the saliva progesterone measurements as the 

gestational age progressed beyond 28 weeks. However, most of the studies investigating the role of 

salivary progesterone in preterm births are small, facility-based research studies with limited 

information available to inform estimation. Moreover, such studies have recruited symptomatic or 

high risk women or women with at least 1 previous PTB which limits their generalization for the 

general population.  We suggest future studies should investigate the predictive utility of salivary 

progesterone for preterm births using prospective measurement of salivary progesterone with 

stronger study design such as randomized controlled trials in larger population for better estimates 

and representation. 
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