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Objective. Reduced calciferol (vitamin D) levels in pregnant women have been associated with 
an increased risk to infant health. Progesterone sustains pregnancy and reduces the risk of prema-
ture birth through its metabolites affecting myometrial contractility. Sex hormone-binding globu-
lin protein (SHBG) is a biomarker of premature birth. The present study aimed to find out if early 
pregnancy levels of vitamin D, SHBG, and progesterone metabolites may predict preterm birth 
risk.

Methods. Five hundred pregnant women aged 18–43 years during their 2nd and 3rd trimesters 
from multiple civilian regional medical centers in Lahore participated in the study. Blood samples 
taken from participants were used to determine vitamin D, SHBG, 11-deoxycorticosterone (DOC), 
and 16α-hydroxyprogesterone (16α-OHP) levels using specific ELISA kits. Statistical analysis was 
performed by one-way ANOVA using the latest GraphPad Prism software.

Results. A significant decrease in vitamin D, DOC, and SHBG levels (p<0.001, p<0.001, and 
p<0.05, respectively) in the preterm birth cohorts in the 2nd and 3rd trimester was found com-
pared to the corresponding control groups. Furthermore, 16α-OHP levels in the preterm birth 
cohorts in the 2nd and 3rd trimesters were significantly increased (p<0.001 and p=0.0062, respec-
tively) compared to their control cohorts.

Conclusion. The results of our study confirm that calciferol deficiency in pregnant women is 
associated with an increased risk of premature birth and indicate that SHBG and progesterone 
metabolites may be useful biomarkers for the early identification and prediction of preterm birth.
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Neonatal Intensive Care Unit (NICU) births are 
linked to a higher incidence of neonatal syndromes 
and significantly increased healthcare costs due to 
the need for specialized, intensive care. Decreased 
calciferol levels have been associated with adverse 
pregnancy disorders (Dror and Allen 2010). Calciferol 
controls mineral regulation and bone homeostasis. It 
is a lipid-soluble molecule functioning as a precursor 
hormone. Humans can produce calciferol in the 
presence of appropriate sunlight, and its deficiency 
is responsible for many diseases, such as immune 

system dysfunction, insulin signaling dysfunction, 
and cancer (Heaney 2008; Perez-Lopez et al. 2011).

In 2016, as reported by UNICEF, 34.8% of early 
childhood deaths occurred internationally as a 
result of preterm birth (PTB) (Dror and Allen 2010). 
The genesis of PTB is polyfactorial and complex. 
Myometrium infection, over-distension of uterine 
tissues, asymmetrical stimulation of evolving young 
infants, endocrine signaling cascade, and inflam-
matory reactions are predisposing issues (Romero 
et al. 1994). This analysis was planned to find the 
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correlation of PTB with calciferol levels in pregnant 
women to clarify the purpose of calciferol supple-
mentation as an economical and modest practice to 
reduce the risk of PTB in the Pakistani community.

Recently, sex hormone-binding globulin protein 
(SHBG) has been acknowledged as a prognostic 
biomarker of PTB. In the course of pregnancy, the 
level of SHBG progressively increases in maternal 
blood, but in the case of low gestational age birth, 
the concentration of this protein falls sharply. SHBG 
provides insight into the status of the immune 
response and structural integrity of the supporting 
tissues of the fetal membrane in diagnostically 
asymptomatic pregnant women (Savitz et al. 2005; 
Saade et al. 2016).

During the gestational period, the baby’s pituitary 
gland provides the primary stimulus for birth. The 
adrenal gland of the fetus produces corticosteroids 
under the control of adrenocorticotropic hormone 
(ACTH) from the fetus’s master gland, which 
comes into the maternal circulation and reduces 
the progesterone level. A decrease in progesterone 
concentration stimulates oxytocin release from the 
maternal posterior lobe of the pituitary gland and 
produces a contraction of the endometrium wall 
(labor pain) (Mastorakos and Ilias 2003). Proges-
terone has been used to reduce the threat of PTB by 
maintaining pregnancy. Progesterone is catabolized 
into numerous metabolites as well as steroid 
hormones, like mineralocorticoids (aldosterone) and 
glucocorticoids. Progesterone has beneficial effects 
on gestation; however, the effects of its metabolites 
can be diverse. Progesterone metabolic chemical 
variations (6β-hydroxyprogesterone, 6β-OHP, and 
16α-hydroxyprogesterone, 16α-OHP) affect the 
oxytocin-stimulated endometrium contraction 
(Patil et al. 2015). In the same way, higher glucocor-
ticoid (cortisol) concentration has been associated 
with PTB. Steroid hormone pathway imbalance is 
associated with an increased risk of extremely/very 
preterm birth (e/vPTB) and may specify maternal 
stress hormone profile (Sandman et al. 2006).

A chronic aspect associated with spontaneous PTB 
comprises the placental-adrenal axis (fetal/maternal 
HPA axis) (Sandman et al. 2006). Gestational sac 
production of corticotropin-releasing hormone 
(CRH) exists as a systematic means of allowing 
prenatal stressors to affect the pregnancy (Sandman 
2018). Gestational stress is considered to be the main 
cause of almost 59% of PTBs (Manuck et al. 2015). 
Fetal/maternal neuroendocrine axis stimulation has 
been interrelated with the gestational stress responses 
and results in a molecular cascade, triggering 

premature delivery. Through the fetal/maternal 
cortisol axis, hormonal stimuli control the regulation 
of PTB. It has previously been established that mainly 
16α-OHP and 11-deoxycorticosterone (DOC), while 
measured at the beginning of the 2nd trimester, allow 
the rapid identification of pregnant women at risk of 
vPTB (Patil et al. 2020).

A baby born before the 32nd week of the prenatal 
period shows a deficiency of corticosteroids, which 
are crucial for the control of ionized substances 
and H2O levels in the renal organs. Corticosteroid 
deficiency has been attributed to a higher risk of 
neonatal death and neonatal lung disease. Decreased 
steroid chemical messengers have been associated 
with adrenocortical insufficiency, which is adversely 
associated with the fetal stage of development. 
Endogenous corticosteroids have been documented 
as essential promoters of the genetic manifestation 
of CRH in pregnancy tissues (Whittle et al. 2001; 
Wang et al. 2013), while progesterone reduces this 
effect.

Glucocorticoids and 16α-OHP have remained 
associated with antagonistic effects on myometrium 
muscle fiber contraction. Progesterone biomolecules 
have been discovered to have inconsistent efficiency 
in reducing uterine contraction, while some bioactive 
molecules, contrasting with progesterone, increase 
contractility (Patil et al. 2015). Increased blood 
cortisol level at the beginning of the 2nd stage of 
gestation was associated with an increased CRH 
concentration in the 3rd term and PTB (Sandman et 
al. 2006). However, another study failed to determine 
that CRH predicted PTB while it was quantified at 
the mid-stage of gestation (Sibai et al. 2005).

The purpose of the present study was to reveal 
whether variations in serum vitamin D levels of 
pregnant women are associated with an increased 
risk of PTB. In addition, the study aimed to estimate 
progesterone derivatives and SHBG as potential 
predictive biomarkers of PTB.

Material and Methods

Sample collection. This study was endorsed by the 
Research Ethics Board (REB) of Punjab University, 
Lahore. Five hundred pregnant females were recruited 
from various primary care hospitals in Lahore, 
Pakistan (Sheikh Zaid, Jinnah, and Lady Wellington 
Medical Center) during their prenatal consultation in 
the 2nd and 3rd term of pregnancy. Participants or their 
relatives signed a voluntary agreement form clearly 
describing the aims of the research. All participants 
were asked about age, pregnancy, previous medical 
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history, parity, miscarriage history, miscarriages, 
PTB genetic background, and last menstrual period 
(LMP) date.

Exclusion criteria. The participants aged <18 and 
>43 years were not included in the study. Females with 
complications like miscarriages, hepatitis, polycystic 
ovarian syndrome, carcinoma, uterine fibroids, and 
further ambiguous abnormalities were also omitted.

Study cohorts. As mentioned above, 500 pregnant 
women were recruited at the beginning of the study. 
Blood samples were collected during their first visit. 
All participants were monitored until they delivered 
and their gestational length was documented after 
delivery.

The initial cohort of 500 participants was divided 
into the PTB and reference (control) groups based on 
the delivery outcomes. One hundred and eighty-six 
participants included in the PTB cohorts were those 
who experienced PTBs, defined as delivery before 37 
weeks of gestation. The remaining 314 participants had 
full-term deliveries and were placed in the reference 
cohort. There were no significant differences between 
the included and excluded participants in terms of 
baseline characteristics such as age, body mass index 
(BMI), or socio-economic status, ensuring that the 
groups were comparable.

Out of 500 subjects, 186 pregnant women who 
gave birth before the estimated due date (EDD) were 
chosen and distributed into the 2nd (n=111) and 3rd 
trimester (n=75) cohorts. Furthermore, PTB females 
were divided into mPTB (≤32 prenatal weeks) (n=106) 
and vPTB (≤28 prenatal weeks) (n=80) cohorts. Of 
the remaining 314 women who gave birth at full term, 
140 were nominated as the reference cohort. Out of 
140 subjects, 70 pregnant females were 13–26 weeks 
pregnant at the time of blood collecting and classified 

as control I, and 70 were 27–32 weeks pregnant and 
treated as control II.

Serum collection. About 5 ml of venous blood 
was taken from the participants. Centrifugation of 
all specimens was completed for 10 min at 3500 rpm. 
Eppendorf tubes were utilized and tagged for serum 
storage with date and sample ID. Sera were stored at 
–80 °C.

Sample analysis. Maternal serum mid-gestational 
biomarkers (16α-OHP, SHBG, vitamin D, and DOC) 
were assessed with commercially accessible ELISA 
kits (Glory BioScience, China). 

Statistical analysis. The results found were 
presented as mean±SEM. One-way ANOVA 
performed the quantitative examination to compare 
the outcomes in different cohorts. A p-value <0.05 
was considered statistically significant.

Results

A comparison of the endocrine profile (vitamin 
D, SHBG, DOC, and 16α-OHP levels) of individual 
groups, moderate preterm birth (mPTB) cohorts, 
vPTB cohorts, and reference cohorts in the 2nd and 3rd 
gestational period is shown in Table 1.

Calciferol (vitamin D). Calciferol levels in the 
PTB cohorts in the 2nd and 3rd gestational periods 
showed a significant decrease (p<0.0001 and 
p=0.0008, respectively) compared to their reference 
groups (Table 1). In the 2nd trimester, the concentra-
tion of calciferol in the mPTB and vPTB cohorts was 
significantly reduced (p<0.05 and p=0.001, respec-
tively) compared to the control-I group. In addition, 
a significantly lower calciferol level (p<0.05) was also 
observed in the vPTB cohort compared to the mPTB 
cohort (Figure 1A). In the 3rd trimester, there was a 

Table 1
Cumulative endocrine profile association across study cohorts

Parameter Trimester
Mean ± SEM

p-value
Reference (Control) m-PTB v-PTB

Vitamin D
(ng/ml)

2nd 32.490±0.756 27.66±1.80 22.670±1.432 <0.0001
3rd 29.35±0.98 25.61±0.978 23.47±1.09 0.0008

SHBG
(pg/ml)

2nd 51.62±2.528 48.57±2.599 42.08±2.634 0.0346
3rd 52.89±2.207 45.74±2.028 43.95±1.972 0.0129

11-DOC
(pg/ml)

2nd 51.65±1.11 47.47±1.258 40.49±1.616 <0.0001
3rd 54.3±1.161 45.89±1.541 39.46±2.127 <0.0001

16α-OHP
(pg/ml)

2nd 8.123±0.189 9.044±0.252 9.812±0.323 <0.0001

3rd 8.077±0.254 8.708±0.308 9.79±0.601 0.0062
Abbreviations: 11-DOC – 11-deoxycorticosterone; 16α-OHP – 16α-hydroxyprogesterone; m-PTB – moderate preterm birth;  
SHBG – sex hormone-binding globulin; v-PTB – very preterm birth.
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significant decline in calciferol concentration in the 
mPTB and vPTB cohorts (p<0.05 and p<0.01, respec-
tively) compared to the control-II (Figure 1B).

Sex hormone binding globulin (SHBG). SHBG 
levels in the PTB cohorts in the 2nd and 3rd trimesters 
were lowered (p=0.034 and p=0.013, respectively) 
compared to their reference cohorts (Table 1). In the 
2nd trimester, SHBG concentrations were significantly 
decreased (p<0.05) only in the vPTB cohort compared 
to the control-I group (Figure 2A). In contrast, a 
significant reduction of SHBG levels in both mPTB 
and vPTB cohorts in the 3rd trimester was observed 
compared with the control-II group (Figure 2B).

11-deoxycorticosterone (DOC). Concentra-
tions of DOC in the PTB cohorts in the 2nd and 3rd 
gestational periods showed a significant decrease 
(p<0.001) compared to their reference cohorts 
(Table  1). In the 2nd trimester, significantly lower 

levels of DOC were measured in the vPTB cohorts 
compared to the control-I group and the mTPB 
cohorts (p<0.001 and p<0.01, respectively) (Figure 
3A). In the 3rd trimester, the DOC concentration 
was significantly decreased in both mPTB and vPTB 
cohorts (p<0.001) compared to the control-II group 
and in the vPTB cohorts (p<0.05) compared to the 
mPTB cohorts (Figure 3B).

16α-hydroxyprogesterone (16α-OHP). Levels 
of 16α-OHP in both PTB cohorts in the 2nd and 3rd 
trimesters were significantly increased (p<0.0001 and 
p=0.0062, respectively) compared to their reference 
cohorts (Table 1). A significant increase in 16α-OHP 
concentration was found in the mPTB and vPTB 
cohorts (p<0.05 and p<0.001, respectively) in the 2nd 
trimester compared to the control-I group (Figure 4A) 
and in the vPTB cohorts (p<0.01) in the 3rd trimester 
compared to the control-II group (Figure 4B).

Figure 1. Vitamin D (ng/ml) concentrations in the reference 
(control-I and control-II), moderate preterm birth (mPTB) 
and very preterm birth (vPTB) cohorts in the second (A) and 
the third (B) trimester of pregnancy. Data are presented as 
mean±SEM. *p<0.05; **p<0.01; ***p<0.001.

Figure 2. Sex hormone binding globulin protein (SHBG) con-
centrations (pg/ml) in the reference (control-I and control-II) 
groups, moderate preterm birth (mPTB) and very preterm 
birth (vPTB) cohorts in the second (A) and the third (B) 
trimester of pregnancy. Data are presented as mean±SEM. 
*p<0.05; **p<0.01; ***p<0.001.
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Discussion

Mothers in premature labor face a high risk of 
both neonatal and maternal complications during 
pregnancy. Decreased calciferol concentration during 
the gestation period has been associated with severe 
prenatal complications. Vitamin D level is influenced 
by components that control its production, such as 
latitude, epithelial layer pigmentation, and climatic 
phase (De‐Regil et al. 2016).

In this study, calciferol levels were statistically 
lower in the subjects in the 2nd and 3rd trimesters 
who delivered before EDD compared to women who 
delivered at term. In addition, in the 2nd trimester, a 
significantly decreased calciferol level (p<0.05) was 
also observed in the vPTB cohort compared to the 
mPTB cohort. The present study demonstrates that 
vitamin D deficiency was significantly associated 

with PTB. Gestational age and vitamin D are directly 
proportional to each other. The findings of Shibata et 
al. (2011) have suggested that there is a high prevalence 
of hypovitaminosis D in perinatal pregnant Japanese 
women throughout the year, which seems to affect 
bone metabolism and is associated with the threat of 
PTB. In addition, they found that early labor pains 
were related to vitamin D deficiency. Results of a study 
from Thailand have shown that vitamin D deficiency 
in patients with PTB was 48%, equivalent to the 
current cohort. A meta-analysis of 10 studies has 
revealed that vitamin D deficiency during pregnancy 
is associated with an increasing risk of PTB (Qin et al. 
2016). On the contrary, Bhupornvivat and Phupong 
(2017) observed no differences in serum vitamin 
D concentrations and the prevalence of vitamin D 
deficiency and insufficiency in Thai pregnant women 
with and without PTB.

Figure 3. 11-deoxycorticosterone (DOC) concentrations (pg/
ml) in the reference (control-I and control-II) groups, mod-
erate preterm birth (mPTB) and very preterm birth (vPTB) 
cohorts in the second (A) and the third (B) trimester of preg-
nancy. Data are presented as mean±SEM. *p<0.05; **p<0.01; 
***p<0.001.

Figure 4. 16α-hydroxyprogesterone (16α-OHP) concentra-
tions (pg/ml) in the reference (control-I and control-II) groups, 
moderate preterm birth (mPTB) and very preterm birth (vPTB) 
cohorts in the second (A) and the third (B) trimester of preg-
nancy. Data are presented as mean±SEM. *p<0.05; **p<0.01; 
***p<0.001. 



230 Hormonal biomarkers as predictors of preterm birth

In case of sudden PTB, the muscles of the uterine 
myometrium shift from relaxation to contraction 
before the newborn matures. Myometrium contrac-
tions are based on calciferol-controlled Ca+2 release in 
uterine involuntary muscle cells. Therefore, vitamin 
D is important in reducing the risk of sudden PTB by 
promoting uterine smooth muscle relaxation (Tribe 
2001).

In the present study, the concentration of SHBG 
was significantly reduced in the vPTB and mPTB 
cohorts. During the 16th–27th week of gestation, SHBG 
concentration increased due to the elevated level of 
estrogen. It has been shown that SHBG is expressed 
in umbilical cord and placental blood (Morisset et 
al. 2011). SHBG has recently been demonstrated to 
function as a predictor of PTB. The concentration 
of SHBG in the gestational blood increases signifi-
cantly during the stage of fetal growth. However, it 
decreases in cases of spontaneous PTBs (Saade et al. 
2016).

SHBG is an androgen-binding globulin that may 
also be involved in receptor-regulated mechanisms. 
One steroid biomolecule binds to one binary 
molecule (dimer). SHBG controls the availability 
of an unattached physiologically active steroid 
biomarker. During the period of fetal growth, the 
serum SHBG level increases 5–10 times (Hammond 
2011). Biologically, the amount of SHBG is inversely 
correlated with body mass ratio, insulin concentra-
tion, and neutral fats (Simo et al. 2015). Inflammatory 
reactions and intrauterine infections are associated 
with PTB (Mendelson 2009; Gomez-Lopez et al. 
2014). SHBG transcription is inhibited by TNF-α 
signaling, a pathway involved in the induction of 
regular or abnormal labor (Lindstrom and Bennett 
2005). A decrease in the amount of SHBG in 
pregnant women predisposed to PTB may be caused 
by an inflammatory reaction or pathogenic invasion. 
Therefore, SHBG is likely critical for estrogen and 
gonadal steroid regulation of the immune response 
triggers in the placental-fetal complex.

Our findings demonstrate that the concentration 
of 16α-OHP was significantly increased in the PTB 
cohorts as compared to the controls. On the other 
hand, DOC levels remained significantly decreased in 
the PTB cohorts compared to their reference cohorts. 
These results suggest that when we detect an increase 
in the concentration of 16α-OHP and a decrease in 
the level of DOC, we can predict the occurrence of 
PTB. Our results confirm that the amount of DOC 
and 16α-OHP in serum, measured in the middle 
and third stages of the gestational period, can 
predict the risk of PTB in women. Progesterone is a 

biomarker responsible for maintaining pregnancy. It 
is hydrolyzed by 17α-hydroxylase and 21-hydroxylase 
into many metabolic regulators. Patil et al. (2015) have 
found that 6β-OHP and 16α-OHP have opposing 
effects on oxytocin-inducing uterine smooth muscle 
contraction. Pregnant women with increased 
contractility are exposed to PTB due to shock, 
desiccation and pathogen invasion. In the same way, 
elevated glucocorticoid levels are associated with 
PTB (Sandman et al. 2006).

CRH in the fetal blood flow stimulates estrogens 
and prostaglandin secretion, enhancing myometrial 
contractility. Endogenously produced steroids such as 
glucocorticoids are altered by processes that control 
CRH production in placental tissues (Whittle et al. 
2001; Wang et al. 2013). Increased CRH in the placental 
barrier stimulates the production of glucocorticoids 
in the fetal adrenal glands, which reach their peak 
during labor. As the labor process progresses, serum 
cortisol levels rise. This improvement appears to play 
a vital role in maintaining the health of newborns 
and mothers and aids in the normal delivery process. 
DOC is a progenitor of aldosterone with electrolyte 
regulator activity. Analysis of pregnant women 
showed that elevated cortisol levels during the 
middle trimester of pregnancy were associated with 
increased CRH concentration in the 3rd trimester and 
PTB (Sandman et al. 2006).

In the present study, a reduced DOC level may 
direct a dysfunctional physiological process and 
change of CRH formation in the chorionic villi and 
uterine smooth muscle contractility as a component 
of the maternal-fetal stress axis that leads to PTB. 
16α-OHP is one of two metabolites that resulted 
from the metabolism of progesterone by cytochrome 
P450 17α-hydroxylase/17,20-lyase (CYP17A1) 
(Storbeck et al. 2011; Quinney et al. 2017). 16α-OHP 
is not metabolized in steroidogenic tissue, although 
many progesterone metabolites are continuously 
metabolized to androgens, estrogens, and cortico-
steroids. Progesterone hydroxylation CYP proteins 
produce molecules that enhance the myometrium 
smooth muscle contraction rate and result in PTB 
(Mizrachi et al. 2011; Patil et al. 2015).

The study has some limitations. First, during 
gestation, maternal blood specimens were collected 
and chemically treated either in the 2nd or 3rd trimester 
of pregnancy. Second, the sera were collected over a 
wide range of the prenatal period (gestational age 
from 13 to 32 weeks).

Another promising research goal may be to 
investigate the role of other biomarkers, such as 
inflammatory cytokines, which could provide 
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further insight into the mechanisms underlying PTB. 
Furthermore, investigation of genetic predispositions 
related to calciferol metabolism in pregnant women 
may reveal new aspects of PTB risk.

Conclusion

At formative stages of fetal development in 
symptom-free pregnant women, the proportion of 
these prognostic clinical markers permits well-timed 
and cautious identification of women at risk of PTB. 
This appropriate outcome may recover pregnancy 

difficulties via upgraded medical research and the 
emergence of therapeutic intervention for PTB 
prevention.
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