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Learning Objective

At the Conclusion of this Presentation the Participants will be Able to:
1. Discuss the epidemiology of preterm birth, racial disparity and 

challenges of  prevention of prematurity
2. Discuss the historical role of progesterone in normal and early 

parturition. 
3. Discuss the current recommendations for the use of progesterone in 

prematurity prevention guided by current evidence.
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• Patrick Bouvier Kennedy (Aug 7, 1963 –
Aug. 9, 1963)

• 5 and a half weeks early; 2100 gms (4 
lbs, 10 oz.)

• According to The New York Times, the 
treatment for hyaline membrane 
disease was “to monitor  the infant’s 
blood chemistry…”

• Sparked public awareness of the 
disorder

HISTORY OF MANAGEMENT OF PRETERM 
BIRTH – RECOGNITION OF THE PROBLEM



HISTORY OF 
MANAGEMENT OF 
PRETERM BIRTH –
THE FIRST THREE 
DECADES 
(1960’’s-1990’S)

Identification and recognition of scope of the 
problem

Treatments for preterm labor

Efforts to identify pathophysiology

Risk scoring systems developed

Recognition of the multi-factorial nature of 
preterm birth



HISTORY OF MANAGEMENT OF PRETERM BIRTH –
RESPONSE TO THE PROBLEM

1962

Congress had 
established 
the NICHD in 
1962 at the 
request of JFK

1965

Louis Gluck 
starts first 
NICU at Yale

1975

Neonatology 
subspecialty 
certification 
begins

1979

FDA approves 
Ridodrine 
hydrochloride

1990

FDA approves 
surfactant for 
RDS



1993

Creasy RK. Preterm birth prevention: 
where are we? American Journal of 
Obstetrics and Gynecology 168:1223-1230.

2003

March of Dimes  launches its “Prematurity 
Campaign”.  Goals are to increase  public awareness 
from 35% to 60%, and decrease the rate of 
prematurity by 15%

2007

IOM publishes Preterm Birth: Causes, 
Consequences, and Prevention

EFFORTS PRETERM BIRTH PREVENTION 



• An estimated 13. 4 million babies were born preterm in 2020 (before 
37 completed weeks gestation)

• 152 million babies born before 37 weeks between 2010 and 2020
• Global preterm birth rate was 9.9% in 2020 compared with 9.8% in 

2010. 
• Preterm birth complications are the leading cause of death among 

children under 5 years of age; 1 million annually
• Three quarters of these deaths could be prevented with current, cost-

effective interventions.

PRETERM BIRTH WORLDWIDE



• Three quarters of these deaths could be prevented with current, 
cost-effective interventions.

• Across countries, the rate of preterm birth ranges from 4-16% of 
babies born in 2020 

• Extreme preterm birth is significantly associated with long term 
disability specifically neurological

PRETERM BIRTH WORLDWIDE



Environment
• Hazardous exposures
• Stressors
• Poor nutrition
• Racism

Health Care
• Poor interconception

health/health care
• No prenatal care

Biology/Genetics
• Chronic disease
• Inflammation
• Infection
• Multiple gestation

Behavior
• Unintended pregnancy
• Short interpregnancy    

interval
• Alcohol/tobacco/drug use

RISK FACTORS FOR PRETERM BIRTH

Prior preterm birth
(RR = 5+)



NCHS Data Brief, 2009



PRETERM BIRTH BY STATE 2021





PREVENTION PRETERM BIRTH



Non-Hispanic Black women 
have a 2-fold greater risk for 
preterm birth compared with 
non-Hispanic white race. (95% 
CI: 1.8–2.2; pooled odds ratio)

RACIAL DISPARITY IN PRETERM BIRTH

Manuck: Semin Perinatol. 2017 Dec; 41(8): 511–518



PRETERM BIRTH BY RACE AND ETHNICITY 2019-
2021



CHANGE IN SINGLETON PRETERM BIRTH RATES, 
BY STATE: UNITED STATES, 2019 AND 2020



Chronic Stress has been shown to:
•  susceptibility / severity of infections
• Decrease response to vaccines
• Alter wound healing
• Increase reactivation of herpes viruses
• Alter # & function of WBC’s
• Increase IL-6 & decrease IL-10 
• Associated with Bacterial Vaginosis in pregnancy

STRESS AND IMMUNE FUNCTION

Glaser R, Kiecolt-Glaser J. Stress-induced immune dysfunction: implications for health. Nature Reviews/Immunology 2005;5:243-51.



SPECIFIC HYPOTHESES 
ON STRESS 
AND PREMATURITY

Preterm birth will occur more commonly in 
women with perceived stress, who have 
biological markers of stress and of altered 
inflammation.

These women will more commonly be African 
American and will more commonly have pro-
inflammatory polymorphisms

African American women w/ PTD will have 
evidence of stress & altered inflammation



Epigenetics -Ann Hum Genet. 2020 May; 84(3): 205–213
• Variation in both the maternal and fetal genome. 
• Some evidence that risk alleles in mothers may be enriched for 

processes related to immunity and inflammation, and in the preterm 
infant, processes related to brain development.

• Environmental as well as genetic factors contribute to preterm birth 
gene-environment interaction

PREVENTION OF PRETERM BIRTH: EPIGENETICS



PREMATURITY 
PREVENTION
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HISTORY OF 
PROGESTERONE

Progesterone – natural hormone produced 
by the ovaries

First noted in publication in 1672 with 
description of female reproductive tract

Louis –August  and Gustav Born (1898) 
proposed corpus luteum as organ of 
secretion supporting the early embryo

Ernest Starling (1905) coined the term 
hormone



Regnier de Graaf (1641-1673)
• Dutch physician who discovered 

the follicles of the ovary (known 
as Graafian follicles), in which the 
individual egg cells are formed

Louis August Prenant – 1898
• Corpus Luteum a organ of internal 

secretion supporting implantation 
and the early embryo

HISTORY OF PROGESTERONE



George W. Corner and Willard M. 
Allen
• Discovered the hormonal action of 

progesterone in 1929. 
Adolf Butenandt (German biochemist)
• 1934, pure crystalline progesterone 

had been refined and obtained and 
the chemical structure of 
progesterone was determined

• 1939 -Received Nobel Prize 

HISTORY OF PROGESTERONE

https://en.wikipedia.org/wiki/George_W._Corner
https://en.wikipedia.org/wiki/Willard_Myron_Allen
https://en.wikipedia.org/wiki/Willard_Myron_Allen
https://en.wikipedia.org/wiki/Adolf_Butenandt
https://en.wikipedia.org/wiki/Chemical_structure


Russel Marker, American Chemist
• 1944 Created Syntex the company 

used Mexican plant, Cabeza de 
Negro (Dioscorea mexicana), to 
create synthetic progesterone

• Dioscorea contains diosgenin
• First effective oral contraceptive

HISTORY OF PROGESTERONE

https://en.wikipedia.org/wiki/Dioscorea_mexicana


Georgeanna S. Seegar Jones (1912-2005)
• Described luteal phase deficiency
• Used progesterone to treat women with 

recurrent miscarriage.

HISTORY OF PROGESTERONE



PREVENTION OF PRETERM BIRTH



• 1933- Schering introduced progesterone in 
oil as first pharmaceutical formulation of 
progesterone and later micronization

• 1970- 1980’s Micronization – allowed 
progesterone to be absorbed seven fold 
more efficiently orally described by 
Fitzpatrick 

• Approval as oral capsule Urogestan ® 1980 
and introduced in US 1998 and now 
marketed internationally

• Micronized progesterone elevates 
progesterone levels for 12 hours

PROGESTERONE (P4)



Arpad Csapo (1918-1981)
• Proposed P4 maintains 

pregnancy by blocking 
parturition mechanism and 
withdrawal leads to parturition

• Isolated actin and myosin 
responsible for contractility of 
uterine muscle and theorized 
that progesterone blocks that 
contractility

PROGESTERONE – MAINTENANCE OF PREGNANCY



• Progesterone in PTB prevention
• Proposed Mechanisms

• lower prostaglandin synthesis
• the inhibition of cervical stromal 

degradation
• modulating the inflammatory response
• reducing gap junction formation
• decreasing myometrial activation.

PROGESTERONE FOR PREVENTION OF PRETERM 
BIRTH



Meis et al, 2003, NEJM: MFMU trial randomized 459 women with prior 
sPTB to weekly IM 17P starting at 16-20 weeks, through 36 weeks 
gestation

2003: THE YEAR OF THE PROGESTINS
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• Double-blind, placebo-controlled trial involving 
pregnant women with a documented history of 
spontaneous preterm delivery. 

• Women were enrolled at 19 clinical centers at 
16 to 20 weeks of gestation and randomly 
assigned by a central data center, in a 2:1 ratio, 
to receive either weekly injections of 250 mg of 
17P or weekly injections of an inert oil placebo; 
injections were continued until delivery or to 36 
weeks of gestation.

• Primary outcome was preterm delivery before 
37 weeks of gestation

17 HYDROXYPROGESTERONE : NEJM  2003









• No significant difference in frequency of PTB <35 weeks (11% 
vs. 11.5%)

• Neonatal morbidity index 5.6% v 5.0%
• Frequency fetal/early infant death (1.7% v 1.9%)
• 17 OHPC did not decrease recurrent PTD and was not 

associated with increased fetal/early infant death

CONCLUSIONS 
PROLONG STUDY TO PREVENT RECURRENT 
PRETERM BIRTH (2019)



• 2011
• FDA approved Makena to reduce the risk of preterm birth in women with a singleton 

pregnancy who have a history of singleton spontaneous preterm birth
• The FDA approved Makena under the accelerated approval pathway in 2011 based 

on a determination that the sponsor had demonstrated a drug effect on an 
intermediate clinical endpoint that was reasonably likely to predict clinical benefit.

• Approval based on the results of a randomized, placebo-controlled trial of 463 
women with a history of pre-term birth who received either hydroxyprogesterone 
caproate or placebo. Trial showed the drug reduced the risk of birth before 37 weeks 
but was not designed to assess whether hydroxyprogesterone caproate had a 
neonatal benefit.

• April 2023
• FDA Commissioner and Chief Scientist Announce Decision to Withdraw Approval of 

Makena
• Makena and its generics are no longer approved and cannot lawfully be distributed 

in interstate commerce

MAKENA 
(hydroxyprogesterone caproate injection)







PROGESTERONE FOR 
PRETERM BIRTH 
PREVENTION

EPPPIC meta-analysis included individual patient data from 
randomized trials of progestogens to prevent preterm birth, 
including 31 trials and 11 644 participants.

It demonstrated that both vaginal progesterone and 17-OHPC 
reduced the risk of preterm birth before 34 weeks for a 
high-risk population with singleton gestations

Benefit to those in original trials due to short cervical length 
(defined by different thresholds in different trials) or history 
of preterm birth (vaginal progesterone: 9 trials, 3769 women; 
relative risk [RR] 0.78, 95% CI 0.68–0.90; 17-OHPC: 5 trials, 
3053 women; RR 0.83, 95% CI 0.68–1.01) 

•Int J Gynaecol Obstet. 2021 Oct; 155(1): 16–18.



• Incidence 2-3% of all pregnancies
• 20% of all perinatal deaths

• 120,000 pregnancies in the US per 
year

• 30-40% of all preterm neonates 
are result of PPROM

PRETERM PROM



• Only 27% of PPROM patients have 
documentable infection at the time of 
rupture of membranes

• 73% have no evidence of infection at the 
time of PPROM

ETIOLOGY OF PPROM



• Shen AJOG 
2008;199:373.e7



• 32 articles involving 55 197 women
• The risk of recurrence due to preterm premature rupture of 

membranes (PPROM) at <37 weeks gestation was 7% (95% CI 6% to 
9%), 

• Risk of recurrence due to preterm labor (PTL) at <37 weeks gestation 
was 23% (95% CI 13% to 33%).

RISK OF RECURRENT SPONTANEOUS PRETERM 
BIRTH: A SYSTEMATIC REVIEW AND META-ANALYSIS

BMJ  2017; 7(6): e015402



• Selective Progesterone receptor 
modulator prevents systemic 
inflammation mediated preterm birth in 
mice

• Promegestone (SPRM) binds 
progesterone receptors and is not 
metabolized by 20 a-hydroxysteroid 
dehydrogenase leading to 
suppression of term parturition and 
systemic bacteria – endotoxin 
induced preterm birth in mice

PREVENTION OF PRETERM BIRTH





•Biology, Genetics
• Candidate genes

• Social
• Economic
•Behavioral
• Environmental
•Medical

FACTORS INCREASING VULNERABILITY OF BLACK 
WOMEN TO PREMATURITY





• Vaginal progesterone may be considered as a treatment option for patients 
with a history of preterm birth, singleton gestation, and a shortened cervix. 
However, vaginal progesterone has not been proven effective in the absence 
of a shortened cervix and should not be considered as an alternative to 17-
OHPC. 

• Intramuscular 17-OHPC is not recommended for the primary prevention of 
preterm birth in patients with a history of spontaneous preterm birth.

• Dependent upon cervical length measurement, prior pregnancy history, and 
past treatment, a discussion of the range of interventions available to prevent 
a recurrent preterm birth should occur and a collaborative action plan should 
be developed.

UPDATED CLINICAL GUIDANCE ACOG (2023)

ACOG Practice Bulletin No. 234 2021



CURRENT PREVALENCE OF APPROPRIATE 17P USE?
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