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ABSTRACT
Aim: Hormonal milieu of pregnancy may be an important determinant of outcome in both mother & fetus. Estimation of trimester 
specific hormone concentrations measured may serve as a yard stick to predict feto-maternal outcome. However, the literature 
review suggest that the reference interval of progesterone established in western pregnant population may not be applicable in 
India with different reproductive profile. The primary objective of this study was to estimate trimester specific and assay-specific 
reference interval of progesterone in healthy pregnant females. 
Methodology: About 276 healthy pregnant ladies were enrolled as study participants with a distribution of 81, 111, and 84 in 1st, 
2nd & 3rd trimester respectively. The study was conducted after obtaining ethical approval of Nil Ratan Sircar Medical College & 
subjects were collected using pre-defined inclusion and exclusion criteria. Serum of study subjects was analysed for progester-
one by Enzyme linked immunesorbent assay. 
Results: The serum progesterone level was found to increase gradually throughout pregnancy. 
Conclusion: The study helped us to determine the reference interval in healthy pregnant female and the reference values mark-
edly differ from the established reference interval in other population.
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INTRODUCTION

Human reproductive endocrine function is intricately bal-
anced by a wide variety of hormones &their control by feed-
back mechanism. The menstrual cycle follows a cyclical 
deviation of luteinizing hormone (LH), follicle-stimulating 
hormone(FSH), estradiol, and progesterone orchestrated by 
hypothalmic-pituitary-gonadal axis1,2. The pregnancy is also 
maintained an intricate regulation of placental hormones 
and the hormonal milieu changes with duration of preg-
nancy. Thus, accurate assessment of the pregnancy duration 
is essential to predict the feto-maternal outcome. The endo-

crinological changes of pregnancy is a crucial determinant 
of subsequent development of chronic diseases both in the 
mother and the offspring3,4. Estimation of trimester specific 
hormone concentrations measured may serve as a yard stick 
to predict feto-maternal outcome. Hormones estimation in 
early pregnancy where fetal organogenesis takes place may 
be helpful to assess neuro-developmental anomalies of fetus 
vis-à-vis hormone concentrations during late pregnancy may 
be helpful to assess maternal risk of breast and ovarian ma-
lignancies5,6. Progesterone is produced by the corpus luteum 
and regulate initial stage of pregnancy and sustain pregnancy 
until the luteal–placental shift takes place by 11 weeks of 
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gestation. Thus hormone concentration in luteal phase may 
predict the chances of conception as well as outcome of vi-
able pregnancy. Progesterone, C-21 steroid hormone, syn-
thesized by ovarian granulosa cells. Progesterone promotes 
endometrial decidualisation and assist implantation of the 
blastocyst in the uterine cavity7. Progesterone retards uter-
ine smooth muscle contraction and ameliorates immune 
responses involved in graft rejection7.Recent studies have 
suggested that First trimester progesterone concentration is 
the most powerful single predictor of pregnancy outcome 
in natural conceptions8. Thus, it is necessary to study the 
viability of pregnancy in women after natural conception 
without exogenous micronized progesterone support and its 
relationship with serum progesterone9,10. Since the hormonal 
environment during pregnancy is likely to be a predictive 
variable for outcome of both mother and offspring, it is im-
portant to have an understanding of the factors which can 
affect it. A reference interval of this hormone may help to 
delineate whether any deviation had occurred or not. Most 
of the data regarding this is obtained from western literature, 
where the age group of pregnancy varies a lot with respect 
to that of Indian population. In this instance, the reference 
interval of serum progesterone was established in the three 
trimesters of Pregnancy and evaluated to assess any devia-
tion from western population.

MATERIALS AND METHODS

This study was undertaken in the Department of Biochem-
istry in collaboration with the Department of Obstetrics and 
Gynaecology, NRS Medical College and Hospital, Kolkata. 
The study was initiated after approval from Institutional Eth-
ics Committee of NRS Medical College & Hospital (vide 
memo no NMC/6534 dated 26/12/2016). All the voluntary 
participants were included in the study after signing the con-
sent form. All healthy pregnant females having no history of 
pre-existing disease or any complication were included in 
this study.  Pregnant females who had treatment for infertil-
ity, or found to have any other pregnancy associated co-mor-
bidities were excluded in this study. The cases were selected 
from the pregnant females attending Antenatal clinics in the 
Department of Obstetrics and Gynaecology of N.R.S. Medi-
cal College & Hospital, Kolkata, according to predefined 
inclusion and exclusion criteria.  Proper history was taken 
regarding age, parity, detail history of previous pregnancy, 
history of hypertension, family history, history of taking any 
medicine, and history of whether suffering from any other 
medical disorders. About 4 ml blood was collected from each 
patient aseptically by disposable syringe using aseptic proce-
dure in serum separation tubes. The serum sample tubes was 
centrifuged for 5 minutes at 2500. The serum was separated 
from the blood cells, analysed and was kept in aliquots and 
stored in deep freezer at -40°C.Serum of pregnant women 

collected in first trimester, second trimester and third trimes-
ter was analysed for progesterone by Enzyme linked Immu-
nosorbant assay.

RESULTS AND DATA ANALYSIS

This hospital based study incorporated 276 pregnant ladies 
as study subjects. The trimester wise distribution of study 
population was 81, 111, and 84 study participants in 1st, 2nd & 
3rd trimester respectively. The values of the hormones were 
extrapolated in Microsoft excel sheet and calculation was 
done using MedCalc software (version 18.9). Table 1 shows 
trimester specific reference interval of progesterone. The 
study participants were enrolled using pre-defined inclusion 
and exclusion criteria, after subsequent routine clinical and 
investigational procedure. 

It is evident that the number of study participants were less 
than 120 i.e. as per the IFCC recommendations. So the non-
parametric method was used to assess the reference inter-
val. Moreover, the Kolmogorov-Smirnov test showed that 
the reference values were in non-Gaussian distribution (i.e 
P<0.05). Thus a non-parametric approach was done to calcu-
late the reference values.

Table 1:  Reference Interval of Progesterone (ng/ml)
Trimester Lower 

limit
Confidence 

interval 
(90%)

Upper 
limit

Confidence 
interval 

(90%)

First 5.49 4.47-6.95 93.09 73.13-119.06

Second 6.57 5.22-8.61 247.67 181.92-333.92

Third 95.56 80.24-117.49 908.87 745.06-1084.22

Figure 1: Showing reference values of progesterone of preg-
nant ladies in each trimester.

DISCUSSION

Hormones play an important role defining the optimal condi-
tions for human inception. The corpus luteum, adrenal cortex 
and the maternal ovary are the main reservoir for synthesis of 
maternalestradiol, estrone, and progesterone during the first 
9 weeks of gestation. Gradually, from the second trimester 
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site of synthesis of the steroid hormone shifts to the placental 
trophoblast11-13 and their concentrations continue to increase. 
In this study, the age distribution of study population is be-
tween 17 to 36 years. Among them, 51 were primigravida 
women and 225 were multigravida. The mean concentration 
of serum progesterone in first trimester was found 30.88ng/
ml, in second trimester was found 75.63ng/ml, in third tri-
mester was found 379.22ng/ml. This is in concordance with 
the established change of progesterone in healthy pregnant 
females. According to table 1, the reference interval of serum 
progesterone for first trimester based on robust method was 
5.49-93.09ng/ml, for second trimester was 6.57-247.67ng/
ml, for third trimester was 95.56-908.87ng/ml. This provides 
here a useful image of the reference interval and distribution. 
A similar study was performed in the Laboratory of Clinical 
Chemistry at the Umeå University Hospital, Umeå, Sweden. 
The mean concentration was 25.2 ng/mL for progesterone  
during first trimester of pregnancy, which was similar to our 
study findings.13 In the study of  RT roisi et al  for proges-
terone, the highest hormone concentrations were generally 
observed in nulliparous women less than age 30 years and 
the lowest concentrations in parous women age 30 years. In 
contrast, nulliparous women age 30+ years had higher pro-
gesterone concentrations than younger nulliparous women 
or parous women of any age (P for interaction =0.006). A 
study on maternal progesterone concentration by Schock et 
al showed a decrease in pregnancy progesterone levels in 
pregnancy with female offspring, where blood at 16 and 27 
weeks14. However, due to strictures of PNDT act no such 
comparison could be made. Moreover, the admixture of both 
primigravida and multigravida was a constrain to our sta-
tistical analysis. However, the reference values was slightly 
higher than the established reference values in western lit-
erature.

CONCLUSION

This study was undertaken with the aim to establish trimes-
ter specific and assay-specific reference interval of proges-
terone in healthy pregnant female in a tertiary care hospital 
of Kolkata. No such study or data is so far available from 
Kolkata or North East region of India. Most of the data re-
garding this is obtained from western literature, where the 
age group of pregnancy varies a lot with respect to that of 
Indian population. Reference interval of serum progester-
one for first trimester   was 5.49 to 93.09ng/ml, for second 
trimester was 6.57 to 247.67ng/ml, for third trimester was 
95.56 to 908.87ng/ml. Despite the limitations imposed by 
both primigravida and multigravida as samples, an approxi-
mation of reference values of Progesterone could be made. 
Moreover, analysis of other parameters like Ultrasonography 
findings and a comparative evaluation of fetal outcome may 
strengthen the study results and may be helpful to use the 
cut-off values of progesterone as predictive marker.
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