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Introduction: The majority of pregnant women in Georgia attend the free-of-charge,

national antenatal care (ANC) programme, but over 5% of pregnancies in the country are

unattended. Moreover, Georgia has one of the highest perinatal mortality (PM) rates in

Europe (11.7/1000 births).

Purpose: To assess the association between unattended pregnancies and the risk of PM.

Methods: Data were extracted from the Georgian Birth Registry (GBR) and the national

vital registration system. All mothers who had singleton births and delivered in medical

facilities in Georgia in 2017–2018 were included in the study and categorised into attended

pregnancies (at least one ANC visit during pregnancy) and unattended pregnancies (no ANC

visits during pregnancy). After exclusions, the study sample included 101,663 women and

their newborns, of which 1186 were either stillborn or died within 7 days. Logistic regression

analysis was used to assess the effect of unattended pregnancies on PM.

Results: During the study period, the PM rate was 12.9/1000 births. In total, 5.6% of women

had unattended pregnancies. The odds of PM among women with unattended pregnancies

were more than double those among women with attended pregnancies (odds ratio=2.21,

[95% confidence interval: 1.81–2.70]). Multiparous women with higher education and who

resided/delivered outside of Tbilisi were significantly less likely to experience PM.

Conclusion: The risk of PM doubled among women with unattended pregnancies.

Six percent of PM cases were attributable to unattended pregnancies. Targeting women

with previous unattended pregnancies will likely reduce the PM rate in Georgia.
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Introduction
The availability of antenatal care (ANC) and subsequent ANC attendance by

pregnant women have an influence on pregnancy outcomes. ANC improves mater-

nal and newborn survival because it reduces the risk of preterm birth and perinatal

mortality (PM)1–4 through individual risk assessment and monitoring. In both high-

and low-income countries, associations between lack of ANC attendance and

adverse pregnancy outcomes have been demonstrated.2 Thus, it is important to

identify women who never attend ANC in order to prevent severe morbidity and

mortality during pregnancy or delivery.

The Auckland Stillbirth Study showed that the odds of stillbirth doubled among

women who attended less than half of the recommended ANC visits.5 A study from

Saudi Arabia found a 70% increased risk of intra-uterine foetal death in women who

did not attend ANC,6 and a systematic literature review from low- and middle-

income countries reported that lack of ANC attendance was one of the main factors
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associated with stillbirth.7 Additionally, a study from

Bangladesh showed that women who attended ANC were

18% less likely to experience early neonatal death (END)

when compared to those who did not attend ANC.8

Dowswell et al compared the effect of reduced ANC atten-

dance and standard care among women with low-risk preg-

nancies, and found that women with reduced ANC

attendance had a 14% increased risk of PM compared to

those in the standard care group. Furthermore, in low- and

middle-income countries, the PM rate was significantly

higher among women who did not attend the recommended

number of ANC visits.9 Previous research has suggested

that lack of ANC visits also increases the risk of preterm

birth by up to 30%.10 When small for gestational age (GA)

newborns were not identified prior to birth, their odds of

being stillborn were 9.46 times higher than those of small

for GA babies that were identified during the antenatal

period.5 Small for GA and preterm birth are recognised as

the main contributors to PM.11,12 Although many studies

have investigated the associations between recommended

ANC visits and PM, very few have assessed the effect of

unattended pregnancies.

Prior to 2018 in Georgia, the national ANC programme

covered four ANC visits per woman, free of charge.13 On

1 February 2018, this number was increased to eight, as

recommended by the World Health Organisation.14 In

2017–2018, the proportion of women attending at least

four ANC visits in Georgia increased by 4.5%, thus reach-

ing a total of 80.8% based on the aggregated data from

medical facilities in the country.15 However, little is

known about maternal and neonatal outcomes among

women who do not attend ANC in Georgia.

The aims of this paper are to identify the characteristics

of women with unattended pregnancies in Georgia, to

assess the association between unattended pregnancies

and the risk of PM, and to measure the burden of PM

attributable to unattended pregnancies.

Methods
The Georgian Birth Registry
The Georgian Birth Registry (GBR) was established in

2016 as a digital, medical birth registry with national

coverage. Doctors or other qualified medical personnel

record all pregnancies, related ANC visits, and maternal

health conditions arising before, during, and after preg-

nancy. Moreover, all ANC centres, including those without

maternity wards (n=350), are obligated by law to register

any ANC visit (state financed or private) in the GBR, and

all stillbirths reported by the National Statistics Office of

Georgia are also registered.

Study Population
For the present analysis, we extracted maternal and neo-

natal data (including stillbirths) for all deliveries occurring

in 2017–2018. Confirmed END cases were extracted from

the vital registration system (VRS), as the GBR does not

register neonatal outcomes that occur after hospital dis-

charge or during transfer to other facilities. GBR and VRS

data were merged using mothers’ and newborns’ unique

11-digit personal identification number (issued at time of

birth). Thirty-eight ENDs without either the mother’s or

the newborn’s personal identification number were

excluded from the analysis.

During the study period, there were 103,128 mothers

and 104,597 newborns registered in the GBR. We

excluded multiple births (n=2911) because they have

a higher risk of preterm birth, complications during preg-

nancy and PM than singletons. Biologically implausible

values and outliers: parity (>15; n=13); age (>53 years;

n=8), and newborns with a GA of >43 weeks (n=2). The

final study sample comprised 101,663 mothers and new-

borns. Among those, we identified 1186 PM cases (658

from 2017 and 528 from 2018) (Figure 1).

Newborns in 2017-2018:

104 597

101 663 singleton newborns

ENDs: 318

stillbirths: 868

non-PM: 100 477

Exclusions:

Multiple births: 2911

Parity >15: 13

Gestational age >43: 2

Maternal age >53: 8 

Figure 1 Flow chart of the study sample.
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Included Variables
Information on ANC attendance in the GBR was used to

categorise mothers into two groups: attended pregnancies

(women who attended at least one ANC visit during preg-

nancy) and unattended pregnancies (women who did not

attend any ANC visits during pregnancy). We also

included maternal age (≤19, 20–24, 25–29, 30–34,

35–39, ≥40 years), parity (primiparous, multiparous), and

education (primary, secondary, and higher). The variable

“region of residence and delivery” was combined: resided

and delivered in Tbilisi (capital); resided in Tbilisi and

delivered outside Tbilisi; resided outside Tbilisi and deliv-

ered in Tbilisi; and resided and delivered outside Tbilisi.

Statistical Analysis
Descriptive statistics are presented as means and standard

deviations for continuous variables and percentages for cate-

gorical variables. We used logistic regression analysis to

assess the effect of ANC attendance (attended and unattended

pregnancies) on PM. To determinewhich covariates to include

in the regression model, we drew a directed acyclic graph

(DAG), including ANC, PM, GA, and the following maternal

factors: morbidity, age, parity, education, region of residence

and delivery, nationality, marital status, and year of delivery

(Figure 2). The DAG assumed a causal effect of ANC on PM,

as indicated by the direct arrow from ANC to PM.16–18

We assumed that ANC attendance affected GA. Indeed,

if a woman has an unattended pregnancy, the risk of early

delivery due to medical conditions cannot be recognised,

and thus cannot be avoided. If a woman has an attended

pregnancy, and for some reason the doctor plans to per-

form a caesarean section at a particular date, this also

affects GA. We further assumed that the maternal factors

age, parity, education, and region of residence and delivery

affected ANC attendance and increased the risk of PM

through GA. Previous research has also highlighted the

importance of these variables in ANC attendance.1,8,19,20

Thus, these variables can be considered confounders in the

causal pathway between ANC attendance and PM.

Maternal morbidity increases the risk of PM and affects

GA; however there is no direct effect of maternal morbid-

ity on ANC attendance, or vice-versa. The maternal factors

nationality, marital status, and year of delivery have an

effect on ANC, but they have no direct effect on PM. As

there are three arrows pointing at GA, it becomes

a collider; as conditioning on a collider introduces

bias,17,21 we did not adjust for GA in our regression

model.18,21,22 Thus, based on the DAG, the regression

model was adjusted for the following maternal factors:

age, parity, education, and region of residence and deliv-

ery, to properly assess the effect of ANC attendance on

PM. Other studies adjusted for similar variables, with

some modifications.1,5,6,8

To estimate the burden of PM attributable to unattended

pregnancy, we calculated the population attributable fraction

(PAF) using the PUNAFCC Stata package, under the

Maternal age

Parity

Education

Regional variable

Nationality

Marital status

Year of delivery

ANC PM

GA
Maternal 

diseases

Figure 2 Directed acyclic graph presenting causal associations between perinatal mortality (PM), antenatal care (ANC) attendance, and potential confounders. GA:

gestational age.
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assumption that there is a causal effect of ANC attendance on

PM. PAF is defined as the fraction of all cases of a disease or

condition in a population which is attributable to the

exposure.23 As the GBR contains almost every birth in

Georgia and is representative of the whole population, the

current study gave us the opportunity to calculate PAF.

Statistical analysis was performed using the statistical package

STATA (StataCorp, College Station, TX, USA) version 15.0.

Results
The birth rate was 13.7 (95% confidence interval [CI] 13.-

6–13.8) per 1000 population and the PM rate was 12.9 (95%

CI 12.2–13.6) per 1000 births. Stillborn and END rates were

9 (95% CI 8.4–9.6) per 1000 births and 3.9 (95% CI

3.6–4.3) per 1000 livebirths, respectively. Thus, the ratio of

stillbirths to ENDs was 2.3. In our study, the proportion of

preterm newborns was 8.6%. In total, 5.6% of women had

unattended pregnancies. Figure 3 displays the PM rate by

GA for attended and unattended pregnancies.

The PM rate among women with attended pregnancies

in our study sample was 10.7 per 1000 births (95% CI

10.8–12.1), whereas the PM rate among those with unat-

tended pregnancies was 28.7 per 1000 births (95% CI

25.9–34.7) (Table 1). Women who experienced PM were

older, less educated, and resided outside Tbilisi but deliv-

ered in Tbilisi compared to women who did not experience

PM. The mean birthweight and GA of PM cases were

lower than those of non-PM cases (Table 2).

Most women with unattended pregnancies were 25–29

years old (29%), multiparous (69%), had secondary education

(44%), and resided and delivered outside of Tbilisi (52%).

Compared to women with attended pregnancies, a higher

proportion of women with unattended pregnancies were

aged <19 or >35 years and multiparous, whereas the other

characteristics were comparable between the two groups.

The mean birthweight (3154 g) and mean GA (38+1

weeks) was lower among women with unattended preg-

nancies compared to those with attended pregnancies

(birthweight: 3278 g, GA: 38+4) (Table 3). Additionally,

women from Armenia and Azerbaijan were less likely to

seek ANC than Georgian women: 6% of Armenians and

11% of Azerbaijanis had unattended pregnancies, com-

pared to 3.7% of Georgian women. There was a disparity

in ANC attendance across regions, with women residing in

the regions of Kakheti, Samegrelo and Zemo Svaneti,

Mtskheta-Mtianeti, and Abkhazia having a higher than

average rate of unattended pregnancies (Figure 4).

After adjustments for maternal age, parity, education, and

region of residence and delivery, women with unattended

pregnancies had more than two times higher odds of experi-

encing PM, compared to women with attended pregnancies

(odds ratio [OR]=2.21, [95% CI 1.81–2.70]). Increased

maternal age was strongly associated with PM, with

women aged ≥40 years had more than three-fold higher

odds of experiencing PM (OR=3.50, [95% CI 2.78–4.42])

compared to women aged 25–29 years. Primiparous women

were 43%more likely to experience PM, compared to multi-

parous women (OR=1.43, [95% CI 1.25–1.63]). Maternal

education was inversely associated with PM (higher vs sec-

ondary, OR=0.56, [95%CI 0.48–0.65]). Womenwho resided
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Figure 3 Perinatal mortality (PM) rate by gestational age (GA) and ANC attendance (attended pregnancies: at least one ANC visit during pregnancy; unattended

pregnancies: no ANC visits during pregnancy) among singletons.
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outside of the capital, Tbilisi, but delivered in Tbilisi had

93% higher odds of experiencing PM compared to women

who resided and delivered in Tbilisi (OR=1.93, [95% CI

1.63–2.29]) (Table 4). If womenwith unattended pregnancies

had attended at least one ANC visit, 5.9% (4.9–6.9%) of PM

cases could have been avoided, which translates into 71

singleton PM cases in 2017–2018.

Discussion
In this register-based study of 101,663 women from

Georgia who delivered singleton newborns, we found

that women with unattended pregnancies (ie, who did not

attend any ANC visits), had more than two times higher

odds of experiencing PM when compared to those with an

attended pregnancy (ie, those who attended at least one

ANC visit). Older maternal age, primiparity, primary edu-

cation, and residing outside and delivering in Tbilisi

increased the odds of PM, whereas higher education, mul-

tiparity, and residing and delivering outside of Tbilisi were

associated with reduced odds of PM. Assuming a causal

effect of ANC non-attendance on PM, we estimated that

almost 6% of singleton PM cases in Georgia could have

been avoided if the mothers had attended at least one ANC

visit.

Our results suggested that unattended pregnancy

increases the odds of PM, which is in line with prior

studies that have demonstrated the importance of ANC

with regard to PM.9,24,25 Earlier research showed that

missing attendance or lack of ANC had a strong impact

on the risk of stillbirth5–7 and END.8 Moreover, lack of

ANC was strongly associated with the risk of preterm birth

and small for GA newborns,5,10 both of which are main

contributors to PM.11,12 The coverage of at least one ANC

visit differed by region of residence, which might be

partially explained by the geographical distribution of

maternity hospitals and ANC centres in the country.

Based on the perinatal regionalisation programme, all

level three hospitals, which provide the highest level of

care and have neonatal intensive care units, are located in

the regions of Tbilisi, Kvemo Kartli, Imereti, Adjara, and

Kakheti. Moreover, the majority of all hospitals are situ-

ated in Tbilisi, Imereti, Adjara, and Kvemo Kartli.

However, all other regions have a minimum of two hospi-

tals, and some have more depending on the population size

and the number of births. In this study, we showed that as

many as 71 singleton PM cases could have been avoided

during the 2-year study period if all women with singleton

pregnancies attended ANC at least once. Thus, targeted

efforts to increase ANC attendance among non-attending

women could potentially save lives. Multiparous women

from Azerbaijan or Armenia, women living and delivering

outside of larger cities, and those with secondary education

should be the primary audience for such interventions.

Table 1 Incidence of Early Neonatal Death (END), Stillbirth (SB),

and Perinatal Mortality (PM) by Antenatal Care Attendance

(Attended and Unattended Pregnanciesa).

Attended

Pregnancies

N=95,957 (94.4%)

Unattended

Pregnancies

N=5706 (5.6%)

Incidence of

END (per 1000 livebirths), n 2.9 (276) 7.5 (42)

SB (per 1000 births), n 7.8 (746) 21.4 (122)

PM (per 1000 births), n 10.7 (1022) 28.7 (164)

Notes: aAttended pregnancies: at least one ANC visit during pregnancy; unat-

tended pregnancies: no ANC visits during pregnancy.

Table 2 Maternal and Neonatal Characteristics by Singleton

Perinatal Mortality (PM) Cases.

PM Cases

N=1186

Non-PM

Cases

N=100 477

Maternal Age, % (n) % (n) % (n)

≤19 3.4 (40) 3.6 (3545)

20–24 18.5 (219) 23 (23,078)

25–29 25.6 (304) 32.8 (32,941)

30–34 22.3 (264) 24 (24,224)

35–39 19.6 (233) 12.6 (12,676)

≥40 10.6 (126) 4 (4013)

Parity, % (n)a

Primiparous 40.6 (481) 38.3 (38,476)

Multiparous 59.4 (705) 61.7 (61,963)

Education, % (n)

Primary 10.3 (122) 8.3 (8362)

Secondary 50.4 (598) 46.3 (46,538)

Higher 28.1 (333) 36.1 (36,288)

Unknown 11.2 (133) 9.3 (9289)

Regional, % (n)b

Resided and gave birth in Tbilisi 30.1 (357) 33.1 (33,251)

Resided in Tbilisi and gave birth outside of

Tbilisi

1.3 (15) 0.9 (903)

Resided outside of Tbilisi and gave birth in

Tbilisi

24.5 (291) 13.9 (13,971)

Resided and gave birth outside of Tbilisi 44 (522) 52 (52,268)

Weight mean (SD) 1594 (1093) 3291 (516)

Gestational age week mean (SD) 30+4 (5.9) 38+4 (1.7)

Notes: a38 missing, b85 missing.

Abbreviation: SD, standard deviation.

The Georgian Birth Registry 2017–2018.
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This study should also trigger future research to identify

the reasons why women did not seek ANC.

In line with other studies,26–28 the odds of PM increased

with increasing maternal age, whereas higher education was

negatively associated with PM. Moreover, primiparous

women had higher odds of experiencing PM than multipar-

ous women. In accordance with the present results, a meta-

analysis of selected maternal and foetal factors for PM

demonstrated an increased risk of PM among primiparous

women; however, several other studies did not find

a statistically significant association between parity and

PM.29 Additionally, women residing outside Tbilisi (the

most populated city), but who gave birth in Tbilisi, had

93% higher odds of experiencing PM. This is reasonable,

as many of these deliveries may have had complications that

needed treatment at a level three hospital. These findings may

be somewhat limited by internal migration, as people tend to

move to larger cities.

The present study was designed to determine the

effect of unattended pregnancies on PM, and one signifi-

cant contributor to the outcome is GA at delivery. Thus,

we plotted the relationship between GA and PM by ANC

attendance, and the graph confirmed that the shape of the

curve is comparable to that of other countries that have

had systematic birth registration for many years.22,30 The

graph shows a PM rate that is similar across attended and

unattended pregnancies before a GA of 36 weeks. After

a GA of 37 weeks, the PM rate increased among women

with unattended pregnancies. It is obvious that GA-

specific PM rates differ by ANC attendance, and the

PM rates among women with unattended pregnancies

remained higher at all GAs. This figure confirms that

the decision not to adjust for GA in our study was

correct.

GA-specific PM is the focus of the Euro-Peristat pro-

ject, which showed a wide variety in GA patterns of

stillbirth and neonatal mortality in Europe.31 In general,

countries with low foetal mortality have a higher preva-

lence of foetal death at earlier GAs, while countries with

high foetal mortality have higher percentages at and near

term.31 Georgia fits in the latter category; thus, the coun-

try’s main concern is the PM cases delivered at a GA of

37–41 weeks, which comprised 21% of all PM cases in

Georgia. The slight difference in mean GA between

attended and unattended pregnancies can be explained by

the high number of planned caesarean sections among

women with attended pregnancies.

According to a study on differences in PM and infant

mortality in high-income countries, the stillbirth to live-

birth ratio among all newborns at GA 37–41 weeks is 0.1

in Finland, Iceland, and the US; and 0.2 in Denmark,

Norway, Sweden, and Canada.32 Our results showed that

the same ratio was 0.3 in Georgia. Hence, the proportion

of PM cases born at term might indirectly highlight the

importance of ANC in the early identification of compli-

cations during pregnancy, and how this identification could

improve perinatal outcomes33 if proper treatment is pro-

vided during pregnancy or childbirth.

This study is the first attempt to determine the effect of

unattended pregnancies on PM inGeorgia. Themain strength

of this study is its substantial size, as it included nation-wide

data from the GBR. Almost all women (99.8%) that deliv-

ered in Georgia during the study period were included in our

analyses, which makes our study representative of the

Table 3 Maternal and Neonatal Characteristics by ANC

Attendance (Attended and Unattended Pregnanciesa).

Attended

Pregnancies

N=95,957

% (n)

Unattended

Pregnancies

N=5706

% (n)

Maternal Age, % (n)

≤19 3 (3319) 5 (266)

20–24 23 (22,010) 22 (1287)

25–29 33 (31,563) 29 (1682)

30–34 24 (23,162) 23 (1326)

35–39 13 (12,086) 15 (823)

≥40 4 (3817) 6 (322)

Parity, % (n)b

Primiparous 39 (37,182) 31 (1775)

Multiparous 61 (58,739) 69 (3929)

Education, % (n)

Primary 8 (7744) 13 (740)

Secondary 46 (44,631) 44 (2505)

Higher 37 (35,407) 21 (1214)

Unknown 9 (8175) 22 (1247)

Regional, % (n)c

Resided and gave birth in Tbilisi 33 (31,682) 34 (1926)

Resided in Tbilisi and gave birth

outside of Tbilisi

1 (873) <1 (45)

Resided outside of Tbilisi and

gave birth in Tbilisi

14 (13,277) 17 (985)

Resided and gave birth outside of

Tbilisi

52 (50,099) 48 (2691)

Weight mean (SD) 3278 (550) 3154 (659)

Gestational age week mean (SD) 38+4 (1.9) 38+1 (2.7)

Notes: aAttended pregnancies: at least one ANC visit during pregnancy; unat-

tended pregnancies: no ANC visits during pregnancy. b38 missing, c85 missing

Abbreviation: SD, standard deviation.

The Georgian Birth Registry 2017–2018.
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Georgian population. Another strength of the study is that the

completeness, validity, and consistency of the GBR is

ensured by a different registration system: the VRS; the

GBR and the VRS represent two independent reporting

systems with individual-level data. The number of mothers

and newborns were validated by the VRS, which ensures

the high coverage of the GBR. We were also able to validate

the outcome of each pregnancy by merging the data from the

GBR and the VRS.

We deliberately did not adjust our analysis for GA and

maternal morbidity, because the aim of the study was to

identify the overall effect of unattended pregnancies on

PM, and we needed to adjust for maternal age, parity,

education, and region of residence and delivery to block

all backdoor pathways from PM to ANC. If our assump-

tions regarding the direction of the relationships between

the included variables are wrong, our results may be

biased. However, this is highly unlikely, as others have

found similar associations between unattended pregnan-

cies and PM, and most of the research adjusted for poten-

tial confounders.5,9,24,25

We were not able to validate the main exposure –

unattended pregnancies –since the only data source for

both public and private ANC attendance is the GBR.

Thus, if there are women who had private ANC visits

that were not registered, these women would have been

misclassified in our analysis as unattended pregnancies.

However, since ANC clinics and maternity houses are

obligated by law to register ANC information in the

GBR, we consider this unlikely, and thus that the propor-

tion of women misclassified as having unattended preg-

nancies is very low.

Additionally, our findings may be somewhat limited

as we did not take into account the causes of PM. In

general 32–43% of stillbirths are due to unexplained

causes in high- and low-income settings,34 compared

to 80% in Georgia. Unfortunately, we did not have the

possibility to distinguish between preventable and inevi-

table causes of death.35 In addition to the missing causes

of stillbirth, the GBR contains incomplete information

on morbidity during pregnancy. However, this fact does

not undermine the importance of our main finding,

which clearly identifies the importance of ANC with

regard to PM in Georgia and suggests the value of

increasing ANC attendance among women with pre-

vious unattended pregnancies.

Conclusion
Unattended pregnancy nearly doubled the odds of PM.

Advanced maternal age, primiparity, and primary educa-

tion also increased the risk of PM. The PAF of unattended

pregnancies on PM was almost 6%; thus, an estimated

maximum of 71 singleton PM cases would have been
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prevented in Georgia during the 2-year study period if all

pregnant women had attended at least one ANC visit.

Policy and Practice Implications
Our study has important implications for ANC program devel-

opment and future research. The major contribution of the

present study is the illustration of the real effects of unattended

pregnancies on PM in Georgia, as it provides actual numbers

based on registry data. These numbers show that targeting

women with previous unattended pregnancies could lead to

a lower rate of unattended pregnancies and positively contri-

bute to PM rates. Our results clearly underline the importance

of ANC in Georgia for a better pregnancy experience.

Strengthening family planning services, informing reproduc-

tive-age women about the ANC programme and about ser-

vices covered by the government would also improve the rate

of attended pregnancies. Finally, our study revealed several

uninvestigated topics, including reasons for not attending

ANC and barriers to pregnancy care, which we suggest should

be the subject of future studies.
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