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1. INTRODUCTION

The proportion of Cesarean Section (CS) is increasing worldwide, 
despite mounting evidence of associated increased costs and neg-
ative impact on maternal and neonatal morbidity [1]. The propor-
tion of CS performed in Georgia has escalated from an estimated 
9% in 2000 [2] to 43.5% in 2016 [3]. Georgian health authorities 
have set new goals for maternal and newborn health with an aim 
to reduce the overall proportion of CS to 31% by 2020 and 27% by 
2030. The ministry of health has imposed restrictions, or a maxi-
mum percentage of CS each of the 102 maternity wards can per-
form, based on individual assessments. Economic sanctions are 
used to ensure the facilities meet the aims [4].

Studies from low- and middle-income countries have found asso-
ciations between high proportions of CS and increased maternal 
age, higher education, and residing in urban areas [5,6]. From the 
provider side, financial incentives, doctor’s convenience, and fear 
of litigation are frequently cited as reasons for increased rates of 
CS [7–9]. Conversely, women under the care of midwives have 
lower rates of interventions during childbirth than those under the 
care of physicians [10]. The proportion of CS performed in private 
sector health care is frequently higher than in the public sector [11].

In Georgia, obstetricians are the main maternal care providers, 
while midwives play a marginal role. Only one university educates 
midwives and women cannot opt to receive antenatal care from a 
midwife. Georgia has a privatised health care system, and national 
guidelines for maternity care do not encourage physicians to per-
form CS on maternal request. Since CS at first pregnancy may lead 
to CS in subsequent pregnancies [12], the prevention of a first CS  
is crucial in reducing the overall proportion of CS. Any compre-
hensive national strategy with the aim to bring down this propor-
tion must target the appropriate population; thus it is of primary  
interest to know the demographics, and the pregnancy- and 
delivery- related conditions among primiparous women in Georgia. 
Thus, we aimed to assess factors associated with CS among primip-
arous women with singleton, cephalic deliveries at term in Georgia.

2. MATERIALS AND METHODS

The Georgian Birth Registry (GBR) is a national, digital birth  
registry implemented on January 1, 2016. The GBR contains infor-
mation from antenatal care visits, hospitalisations during preg-
nancy, labor, delivery, and the postnatal stay for both mothers and 
newborn. Registration in the GBR was made mandatory by law on 
May 1, 2016. Details on the implementation of the GBR and results 
from its first year have previously been reported [3].

The study sample comprised of all primiparous women (n = 
20,936) who gave birth at ≥22 weeks of gestation in 2017 and were 
registered in the GBR. After exclusions, the final study sample 
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A B S T R AC T
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comprised 17,065 primiparous women with singleton, cephalic 
deliveries at 37–43 weeks of gestation (Figure 1).

We extracted information from the GBR on all variables included 
in the study. For maternal age (categorized to: 13–19, 20–24, 25–29, 
30–34, ≥35 years), women <20 years were grouped into one cat-
egory consisting of 7 years due to low number of women in the 
13–14 age group (n = 7). We extracted level of education (primary 
level, secondary, higher education, unknown), maternal geograph-
ical region of residence (12 different regions including the capital 
Tbilisi), onset of labor (spontaneous, induced, or CS) and number 
of antenatal visits attended (≤3 visits, ≥4 visits). In 2017, Georgian 
universal health care covered four antenatal care visits for low 
risk women, as recommended by WHO at the time [13]. For the 
variable weeks of gestation (37–38, 39–40, 41–43), ultrasound in 
antenatal care is the preferred method to determine gestational age 
and is widely available nationwide. In case of missing ultrasound  
(18% of cases), last menstrual period was used. We also extracted 
delivery mode (spontaneous vaginal, operative vaginal, CS), and 
birthweight (<2500, 2500–2999, 3000–3499, 3500–3999, ≥4000 g). 
For the variable early-pregnancy Body Mass Index (BMI), we used 
BMI at the first antenatal visit before 13 weeks of gestation (catego-
rized to: <18.5, 18.5–24.99, 25.00–29.99, ≥30.00 kg/m2).

Figure 1 | Flow chart of exclusion criteria among primiparous women 
registered in the GBR in 2017.

The registration forms of GBR were validated through cooper-
ation with the Norwegian Medical Birth Registry. Expert groups 
performed both forward and backward translations and after 6 
months of pilot testing, the system was launched January 1, 2016. 
Subsequently, the GBR has been checked for internal consis-
tency, content validity and construct validity, in addition to case- 
validations through other national electronic health systems. Each 
birth is validated through the vital registration system, administered  
by the Ministry of Justice. The proportions of CS are validated 
through monthly reports from the hospitals to the National Center 
for Disease Control and Public Health (NCDC).

Overall proportion of CS was analysed as the main outcome. Since 
the information from the GBR and the official reporting systems 
are comparable, we are confident that the total proportions of CS 
from 2017 are reliable. Georgia reported 31.4% emergency CS  
(n = 16,329) and 13.3% elective CS (n = 6,899) in the same year. The 
high percentage of emergency CS may indicate misclassifications  
of CS. Thus, we decided to use CS yes/no as the main outcome.

2.1. Statistical Analyses

Descriptive statistics of continuous variables were presented as 
mean values with Standard Deviations (SDs) for normally distrib-
uted continuous variables. For non-normally distributed variables, 
median and range were provided. Frequencies and percentages 
were presented for categorical variables.

To identify factors associated with overall CS, we fitted multiple 
logistic regression models using the purposeful selection method 
[14]. Variables with a significance level of p < 0.25 in the univariable 
models were selected for inclusion in the multivariable analysis.

We applied stepwise elimination, and the full and reduced models 
were compared using the likelihood ratio test. The final model 
was selected based on the most reduced model that described 
the data adequately. Finally, we examined diagnostic plots of the 
residuals and tested the final model for overall goodness-of-fit 
using the Hosmer–Lemeshow test. Results are presented as crude 
and adjusted Odds Ratios (ORs) including 95% Confidence 
Intervals (CIs). Statistically significant results were defined as those 
with p-values <0.05. The proportion of missing values for early- 
pregnancy BMI was 25.2%, thus we performed a sensitiv-
ity analysis where the regression model was fitted without  
early-pregnancy BMI (Supplementary Table S1). As there was no  
substantial difference in effect estimates between the models with 
and without early-pregnancy BMI, the model including this vari-
able is presented in the results.

Statistical analyses were performed using Stata/SE version 15.0 
(Stata Corporation, College Station, TX, USA).

2.2. Ethical Approval

The NCDC Institutional Review Board, Georgia – protocol (IRB # 
2017-010 31.03.2017). The GBR released an anonymised study file 
free of personal identification data, which was used for this study. 
The Regional Committee for Medical and Health Research Ethics 
of Northern Norway (REK) approved the use of data from the  
GBR (2017/404/REK Nord).
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3. RESULTS

The overall proportion of CS was 37.1%. Thus, 62.9% of the women 
had a vaginal delivery. Mean maternal age was 25.1 years (SD 5.4), 
and 39.5% had higher education. 38.0% of the study population 
lived in the capital Tbilisi. The median early-pregnancy BMI was 
22.0 kg/m2 (25–75th percentile 20.0–24.8). The percentage of 
women who attended ≥4 antenatal care visits was 83.9%, and 62.9% 
gave birth at 39–40 weeks of gestation. The mean birthweight of 
newborn was 3325 g (SD 436) (Table 1). The operative vaginal 
delivery rate was 1.1% (data not shown) and 6.0% of the women 
had their labor induced. 
Characteristics of women with vaginal delivery and CS differed. 
The percentage of vaginal deliveries decreased with age, from 
74.5% in the age-group 13–19 years to 30.8% in women 35 years 
or older. The proportion of CS increased with increasing level of 
education, from 26.4% among women with primary level of edu-
cation, to 39.7% among women with higher education. Regional 
differences were large. The lowest regional proportion was 14.2%, 
while the highest was 57.4%.

Among women who had a vaginal delivery, 4.8% had a BMI >30.0 
kg/m2, compared to 10.4% in the CS group. The proportion of 
women with CS increased with increasing BMI, from 29.4% among 
women with a BMI <18.5 kg/m2, to 55.9% among women with a  
BMI ≥30.0 kg/m2. There was little difference in proportions of CS 
among women who attended three or less antenatal care visits versus 
those who attended four or more (36.1% vs. 37.2%). Of the 6% of 
women who had their labor induced, 40.8% delivered with a CS. The 
proportion of deliveries that took place at 37–38 weeks of gestation 
was 26.8%, and the total proportion of CS in this group was 46.9%. 
When considering birthweight, the highest proportion of CS (54.7%) 
was found among women who gave birth to babies weighing ≥4000 g, 
and the lowest among women who gave birth to babies in the mean 
weight category of 3000–3499 g (34.3%) (Table 1).

After multivariable adjustment, women aged ≥35 years had 3.31 
(95% CI; 2.79–3.92) times higher odds of CS, while women aged 
30–34 years had 45% increased odds of CS (OR: 1.45, 95% CI; 
1.28–1.64) compared to women in the 25–29 age group. Women 
aged 13–19 years had 34% lower odds of CS (OR: 0.66, 95% CI; 
0.57–0.76) compared to the same reference group. Women with 
primary level of education had lower odds of CS than women 
with secondary education (OR 0.78, 95% CI; 0.66–0.92). Further, 
having a BMI ≥30.0 kg/m2 was associated with 2.04-fold (95% CI; 
1.76–2.36) increased odds of CS compared to women with a BMI 
of 18.50–24.99 kg/m2. Women who gave birth at 37–38 weeks of  
gestation had 78% higher odds of CS (OR 1.78, 95% CI; 1.63–1.95) 
compared to women who gave birth at 39–40 weeks of gestation. 
Giving birth to a baby weighing ≥4000 g was associated with 2.30 
(95% CI; 1.98–2.66) times higher odds of CS compared to women 
who gave birth to babies weighing between 3000 and 3499 g (Table 2).

4. DISCUSSION

The total proportion of CS was 37.1%, which is high in primiparous 
women delivering a single baby in cephalic presentation at term. 
There were large regional differences in the proportion of CS, rang-
ing from 14.2% to 57.4%. Maternal age ≥35 years, having obesity 
(maternal BMI ≥30 kg/m2), delivery at 37–38 weeks of gestation, 

and giving birth to a baby weighing ≥4000 g were the main factors 
associated with CS.

The large regional differences could be an indication of over- 
provision of CS in certain regions and an under-provision in other 
regions. It is also possible that more women in some regions travel 
to larger cities to give birth, as there is a lack of specialists in rural 
regions, or that there are hospital-dependent differences in eco-
nomic incentives for interventions.

Advanced maternal age is a risk factor for several morbidities 
during pregnancy and labor, such as gestational diabetes and fetal 
distress, which can lead to a higher risk of CS [15]. Age has also been 
found to be an independent risk factor for CS, regardless of comor-
bidities [16]. Closely linked with age, high BMI has been reported 
as an independent risk factor for CS, especially emergency CS [17]. 
We found that women with a BMI ≥30 kg/m2 had twofold higher 
odds of CS compared to normal-weight women. This is worrying 
because the risk of complications during and after surgery, such 
as wound infection and venous thromboembolism, is considerably 
higher for women with obesity than normal-weight women [18]. 
Even though older age and high BMI are frequently cited as strong 
contributing factors to the general increase in proportions of CS 
internationally, data from some countries, such as Norway, do not 
support this statement. In Norway, the proportion of CS has been 
stable at 17% for almost 10 years, while the average age of primipa-
rous women and pre-pregnancy BMI has increased [19,20].

Women with primary level of education had 22% lower odds of 
CS compared to women who had completed secondary educa-
tion. Studies evaluating the association between education and CS 
seem to find opposite results depending on the income level of the  
country. In low- and middle-income countries, a high level of edu-
cation is strongly associated with a high proportion of CS [21], 
while studies performed in high-income countries have found that 
a lower level of education is associated with CS [22]. Women who 
gave birth to babies weighing ≥4000 g had 2.30 times higher odds 
of CS compared to women who birthed average-weight babies. This 
is to be expected since the national guidelines recommend planned 
CS for babies with macrosomia, which in Georgia is defined as 
babies weighing ≥4500 g.

Further, primiparous women in Georgia who gave birth at 37–38 
weeks of gestation had 78% higher odds of CS compared to women 
who gave birth at 39–40 weeks of gestation. The high proportion of 
deliveries at 37–38 weeks of gestation (26.8%) and the high pro-
portion of CS in this group (46.9%), are not in line with interna-
tional standards. In comparison, 16.8–18.5% of all deliveries in the 
Nordic countries took place at 37–38 weeks of gestation [23], and 
the overall proportions of CS in these countries were below 21%. 
Studies have shown that babies born by CS without a medical indi-
cation at 37–38 weeks of gestation have a higher risk of respiratory 
morbidity and transfer to neonatal intensive care unit compared 
to babies born at 39–40 weeks of gestation [24]. Thus, in order to 
meet the goal and reduce the proportion of CS, a contributing step 
would be for the health authorities to target the high rate of CS that 
occur at 37–38 weeks of gestation and issue guidelines to avoid 
unnecessary interventions without a valid medical indication.

In line with our findings, previous studies from countries like 
Canada (proportion of CS 26.3%) [25], Bangladesh (23.0%) 
[26] and Mozambique (2.3%) [27] have reported large regional  
differences in proportions of CS and associations between factors 
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such as high birthweight, advanced maternal age and/or obesity 
and CS. Our study found that mean maternal age and median 
BMI of Georgian women, and the mean birthweight of Georgian 
babies, were similar to those in countries with a much lower pro-
portion of CS. Thus, our results suggest that these factors are 
not the main drivers of the high proportion of CS in Georgia. 
Instead, there may be organisational and financial aspects of the 
Georgian maternal health system that could be evaluated. A high 

national proportion of CS may be considered a symptom of over- 
medicalisation of maternal care. A system where women are 
selected to either midwifery or specialist care depending on their 
risk profile should be encouraged. Although such as system has 
never been initiated in Georgia, steps could be taken to make 
midwives the main care givers in antenatal and intrapartum care 
for low-risk women. Indeed, studies have shown that low-risk 
women cared for by midwives experience fewer interventions 

Table 1 | Characteristics of primiparous women and their newborn, stratified by mode of delivery, n = 17,065

Characteristics Vaginal delivery Cesarean section Total

Total number of women, n (%) 10,741 (62.9) 6324 (37.1) 17,065 (100)
Maternal age, years, mean (SD) 24.2 (4.7) 26.6 (6.0) 25.1 (5.4)
Maternal age (years, %) n (%)

13–19 74.5 25.5 2303 (13.5)
20–24 67.8 32.2 6440 (37.7)
25–29 63.3 36.7 5057 (29.6)
30–34 51.6 48.4 2156 (12.6)
≥35 30.8 69.2 1109 (6.5)

Education (%)† n (%)
Primary 73.6 26.4 1374 (8.1)
Secondary 63.1 36.9 7641 (44.8)
Higher education 60.3 39.7 6732 (39.5)
Unknown 64.3 35.7 1317 (7.7)

Geographical region of residence (%)‡ n (%)
Tbilisi 65.4 34.6 6421 (38.0)
Imereti 57.3 42.7 1997 (11.8)
Adjara 52.6 47.4 1991 (11.8)
Kvemo Kartli 72.0 28.0 1893 (11.2)
Samegrelo and Zemo Svaneti 45.6 54.4 1156 (6.8)
Kakheti 64.5 35.5 1040 (6.2)
Shida Kartli 66.1 33.9 948 (5.6)
Samtskhe-Javakheti 85.8 14.2 586 (3.5)
Guria 67.2 32.8 363 (2.2)
Mtskheta-Mtianeti 68.7 31.3 297 (1.8)
Abkhazia 42.7 57.4 136 (0.8)
Racha-Lechkhumi and Kvemo Svaneti 60.8 39.2 74 (0.4)

Body mass index (kg/m2), median (25–75th percentile)
Based on 12,597/17,065 21.6 (19.8–24.1) 22.9 (20.4–26.1) 22.0 (20.0–24.8)

Body mass index (kg/m2, %)§ n (%)
<18.5 70.6 29.4 1268 (10.1)
18.50–24.99 66.2 33.8 8347 (66.3)
25.00–29.99 54.1 45.9 2114 (16.8)
≥30.00 44.1 55.9 868 (6.9)

Number of antenatal care visits attended (%)
0–3 63.9 36.1 2748 (16.1)
≥4 62.8 37.2 14,317 (83.9)

Induction of labor
Yes 59.2 40.8 1031 (6.0)
No 63.2 36.8 16,034 (94.0)

Weeks of gestation (%) n (%)
37–38 53.1 46.9 4580 (26.8)
39–40 67.1 32.9 10,737 (62.9)
41–43 63.3 36.7 1748 (10.2)

Birthweight (g), mean (SD) 3298 (408) 3370 (478) 3325 (436)
Birthweight (g, %) n (%)

<2500 56.8 43.2 333 (2.0)
2500–2999 65.5 34.5 2983 (17.5)
3000–3499 65.8 34.3 7658 (44.9)
3500–3999 61.8 38.2 4862 (28.5)
≥4000 45.3 54.7 1229 (7.2)

†One missing for education. ‡163 missing for geographical region of residence. §4437 missing for body mass index, 31 excluded due to out of range. n, number; SD, standard deviation.
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than women cared for by obstetricians [10,28]. The Nordic coun-
tries are examples of systems where midwives are the main care 
givers during pregnancy and labor, and where the percentage of 
CS have been stable between 15% and 21% for the past decade. 
The health system in Georgia has in the past 20 years seen a large 
increase in the number of physicians entering the labor market, 
while the number of midwives has declined.

Another aspect is the complete privatisation of health care in 
Georgia, where financial incentives for doctors may be a contribut-
ing factor to the increasing proportion of CS [7,29]. Georgia intro-
duced universal health care in 2013, where hospitals are reimbursed 
from the state for treatment and procedures pertaining to each 
patient, and CS have a higher reimbursement than vaginal delivery. 
It has been well documented from other countries that CS rates in 
private hospitals are higher compared to public hospitals, indepen-
dent of case-mix [21].

In contrast to Europe where the total induction rate in 2010  
varied from 8.3% to 28.0% [30], and the median of total operative 
vaginal deliveries in 2015 was 7.2% [31], we found among primip-
arous women in Georgia a low induction rate (6.0%), and a 40.8%  
proportion of CS in this subset of women. Better selection strate-
gies for high risk pregnancies, followed by more inductions for con-
ditions that do not require immediate delivery could reduce the CS 

Table 2 | Crude and multivariable adjusted odds ratios (OR) and 95% 
confidence intervals (CI) for cesarean sections by characteristics among 
primiparous women, n = 17,065

Univariable  
analysis

Multivariable  
analysis

OR (95% CI) OR (95% CI)*

Maternal age (years)
 13–19 0.59 [0.53–0.66] 0.66 [0.57-0.76]
 20–24 0.82 [0.76–0.89] 0.85 [0.77–0.93]
 25–29 Reference Reference
 30–34 1.62 [1.46–1.79] 1.45 [1.28–1.64]
 ≥35 3.87 [3.37–4.45] 3.31 [2.79–3.92]
Education level
 Primary 0.62 [0.54–0.70] 0.78 [0.66–0.92]
 Secondary Reference Reference
 Higher education 1.13 [1.05–1.21] 0.90 [0.83–0.99]
 Unknown 0.95 [0.84–1.07] 0.95 [0.81–1.12]
Body mass index (kg/m2)†

 >18.5 0.82 [0.72–0.93] 0.88 [0.77–1.00]
 18.50–24.99 Reference Reference
 25.00–29.99 1.66 [1.51–1.83] 1.46 [1.32–1.61]
 ≥30.00 2.48 [2.15–2.86] 2.04 [1.76–2.36]
Weeks of gestation
 37–38 1.80 [1.68–1.93] 1.78 [1.63–1.95]
 39–40 Reference Reference
 41–43 1.18 [1.06–1.31] 1.12 [0.98–1.27]
Birthweight, g
 <2500 1.46 [1.17–1.83] 1.25 [0.95–1.65]
 2500–2999 1.01 [0.93–1.11] 0.92 [0.82–1.03]
 3000–3499 Reference Reference
 3500–3999 1.19 [1.10–1.28] 1.25 [1.14–1.37]
 ≥4000 2.32 [2.05–2.62] 2.30 [1.98–2.66]
†4437 missing for BMI, 31 excluded due to out of range. *Adjusted for all variables in the 
table. Antenatal care visits were not significant in the univariate analysis and therefore 
not included.

rates [12]. Increasing knowledge and training of how to perform 
operative vaginal deliveries could lead to less emergency CS.

Georgia reported that, 31.4% of women who gave birth in 2017 
had an emergency CS, in the study sample of nulliparous women 
the percentage was 23.6. These numbers are markedly higher than 
other European countries listed in the Peristat report from 2015, 
where the total percentage of emergency CS ranged from 7.6% to 
17.6%, except for Romania [31]. The high rate and possible mis-
classification of emergency CS should be of interest to Georgian 
health authorities and other countries that intend to reduce their 
CS rates, since Georgia have a national goal to reduce the overall 
CS rate from 43.5% (2016) to 31% in 2020 and further reductions 
by 2030. A strategy of placing restrictions on the number of CS 
may not yield the desired result if it leads to elective CS being  
“converted” to emergency CS to avoid possible economic  
sanctions. Further investigations are needed to uncover for what 
reasons misclassifications are occurring.

4.1. Strengths and Limitations

A strength of the study is that national numbers on CS based on 
a medical birth registry are presented for the first time. The GBR 
had 99.5% coverage in 2017 and it is estimated that 99% of women 
in Georgia give birth in maternity wards [3]. Thus, the results 
should represent the Georgian population.

It is a limitation that we could not differentiate between emergency 
and elective CS. By keeping CS as one variable, we potentially lose 
valuable information on factors that differentiate the two groups 
of women who had an elective or an emergency CS. The young-
est age group could not be further divided into <15 years and 
15–19 years due to a very low number of women in the 13–14 
age group. We were concerned that the lowest age group would be 
too small to use statistically. In addition, after stratification such 
small groups are prone to the possibility of personal identification, 
which we wanted to avoid to be in compliance with the General 
Data Protection Regulation [32]. We risk losing information per-
taining specifically to the youngest women in the sample. It was, 
however, important to include them to obtain the whole picture.

5. CONCLUSION

Maternal age above 30 years, having obesity, and high birthweight 
were all positively associated with CS among primiparous women 
in Georgia. An important finding is the high proportion of CS 
among early term deliveries, which may support that organisational 
matters of maternity care and economic incentives in a privatized 
healthcare system, may be areas for further research of attempts 
to prevent unnecessary CS without compromising maternal and 
newborn morbidity. There is a need to investigate the high pro-
portion of CS classified as emergency procedures since strategies 
to reduce the CS rates will depend on the type of CS performed.
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