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Abstract

Objective Antenatal care (ANC) involves monitoring pregnant women to ensure the health of
both mother and fetus. This study aimed to assess the timing of theinitial ANC visit and its
determining factors among Ethiopian pregnant women.

Material and Methods The analysis used data from the 2016 Ethiopian Demographic and
Health Survey (EDHS), focusing on women aged 15-49 who had a live birth within five years
prior to the survey across nine regiona states and two city administrations. Descriptive statistics
and parametric shared frailty models were applied to identify factors influencing the timing of
thefirst ANC visit.

Results Among 7,559 women, only 20.4% attended their first ANC visit within the
recommended 12 weeks. The median time to the first ANC visit in Ethiopia was 18 weeks (4.5
months). Factors that delayed the first ANC visit included rural residence (T = 1.29), higher birth
order (I'1 =1.06-1.21), and long distance to a health facility (I | = 1.08). Conversely, factors that
shortened the time to the first ANC visit included higher levels of maternal education ('l = 0.87-
0.91), higher wealth index (Z = 0.86-0.87), media access ([1 = 0.92), and involvement in
healthcare decisions ([ < 1).

Conclusion Rural residence, higher birth order, and long travel distances delay the first ANC
visit, while higher education, urban residence, media access, and greater wealth accelerateit. The
study recommends enhanced community education on the importance of early ANC visits
through health extension workers and stakeholders.

K eywor ds acceleration factor, antenatal care, shared frailty, timing to first ANC visit
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I ntroduction

The World Health Organization (WHO) defines antenatal care as critical health care related to
pregnancy that can be provided at home or in amedical facility. It is an important component of
mother and child health [1]. According to WHO recommendations, women whose pregnancies
are proceeding normally should have at least four ANC visitswith individualized visit intervals,
the first scheduled in the first trimester should occur before 16 weeks; Visits one, three, and four
are scheduled for 24-26 weeks, 28-32 weeks, and 36-38 weeks [2].

The World Health Organi zation estimates that between 1990 and 2015, maternal mortality from
unwanted pregnancy and difficulties associated to childbirth accounted for 303,000 maternal
deaths, which is still avery high rate [3]; additionally, 2.6 million babies were stillborn globally
in 2015, and 2.7 million babies died during their first 28 days of life, according to estimates of
stillbirth rates from national, regional, and global sources. [4], [3]. In 2015, developing nations
accounted for almost 99% (302,000) of all maternal deaths worldwide, with sub-Saharan Africa
accounting for 66% (201,000) of these deaths. Approximately 830 women died each day from
pregnancy- and childbirth-related preventable causes. In low- and middle-income nations, nearly
all maternal deaths (99%) and child deaths (98%) took place. Despite this reduction, developing
nations accounted for 239 deaths per 100,000 live births globally, compared to 12 deaths per
100,000 live birthsin wealthy nations (216 deaths per 100,000 live births). Ethiopiais one of ten
devel oping nations that together account for 59% of the maternal mortality rate worldwidein
2015, with 353 deaths per 100,000 live births. Sub-Saharan Africa has the highest MMR among
developing regions, at 546 deaths per 100,000 live births [3].

ANC is significantly associated with a decrease in maternal mortality and is often acknowledged
as the most significant factor determining pregnancy outcomes [5]. However, only 86% and 62%
of women globally receive ANC services at least once, and four or more times, respectively,
during their pregnancy; even fewer pregnant women received at least four ANC visits (52% and
46% of respectively) in regions with the highest rates of maternal mortality, such as sub-Saharan
Africaand South Asia[6]. Only 62% and 32%, respectively, of the women aged 15 to 49 who
gave birth within the five years before to the study had at least one and four antenatal care visits
(ANC) from skilled healthcare professionals, while 37% of women had no ANC visit. These
rates are lower in Ethiopiathan the three global average rates[7].

Unfavorable pregnancy outcomes are significantly affected by delayed ANC initiation. Evidence
from Ethiopia, however, indicates that the majority of expectant mothers did not begin their first
visit before the 12-week mark, as recommended by the WHO [8],[9] only 20% of women start
ANC visitin the first trimester [7]. This study aimed to determine the factors influencing the
time of a pregnant woman's first prenatal care visit in Ethiopiaaswell as the timing of that visit.

The parameters influencing the time to the first birth after marriage were identified by the study
using the parametric gamma shared frailty model. Additionally, Weibull, log-logistic, and log-
normal baseline distributions were used to construct accelerated failure time (AFT) modelsin
order to compare and determine which model best fits the time-to-first birth data. Timeto first
ANC visit was divided by areain this study. Therefore, the frailty term was added to the survival
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model in order to evaluate the region's impact. The study's method for identifying the variables
influencing the timing of the first ANC visit during pregnancy was the parametric log logistic
gamma shared frailty model.

Material and Methods
Data Source

Ethiopia Demographic and Health Survey (EDHS) 2016 data were used for thisanalysis. Using a
nationally representative sample that yields estimates at the national and regional levels as well
asfor urban and rural areas, the Central Statistical Agency (CSA) carried out the survey from
January 18, 2016, to June 27, 2016, under the direction of the Ministry of Health. The main goal
of the EDHS is to provide comprehensive data on family planning, nutrition, growing kids,
maternal mortality, fertility, sexual activity, and other sexually transmitted infections to decision-
makers in government and planning.

Study population

The study population included all women between the ages of 15 and 49 who were either
pregnant at the time of the survey or had given birth within the five years prior to the survey
(EDHS 2016). Eventually, the study included the 7559 scenarios that were welghted.

Sampling Design

A two-stage cluster design was used to select the 2016 EDHS sample, with the census
numeration area (EA) serving as the sampling unit in the first phase. The sample comprised 645
EASs, of which 443 lived in rural and 202 in urban regions. A household isincluded in the second
sample phase. In each of the 645 EAs that were chosen, a comprehensive list of households was
completed. For the 2016 EDHS, a sample of 18,008 households was chosen at random. 15,683
women participated in the full interview process, resulting in a 95% response rate [7].

Inclusion and Exclusion Criteria

Women who are currently pregnant or have an unknown pregnancy age at the time of the survey
are not eligible to participate in this study; the censoring timeis calculated as the date of the
pregnancy's delivery. Women who are 15-49 years old and who gave birth within the five years
prior to the survey are the only women whose dligibility criteriaare met.

Variablesunder the study
The response and predictor variables used in the study are defined as follows.
Dependent Variable

The outcome of interest in this study was the time from women date of pregnant to first ANC
visit which was measured in month as 0 for woman does not have ANC visit (Censored) 1for
women have ANC visit (Event).

Independent Variables
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The choice of the explanatory variable include in this study are guided by literatures. Several
predictor variables are consdered in these studies to investigate the determinant factors for the
gestational age of first ANC visit of pregnant women. covariate used in the current study are age
group, residence, mothers' education, mother’s work status, mother’s current marital status, sex
of head of household, birth order of respondent, religion of respondent, wealth index of the
household, whether the pregnancy was wanted/unwanted, women’s exposure to media access,
woman'’s involvement on health care decision, distance to health facility, husbands educational
level, region.

Methods of Survival Analysis

Survival analysisis a statistical method for data analysis where the outcome variable is the time
to the occurrence of an event [10]. There are 4 main methodological considerationsin the
analysis of timeto event data. It isimportant to have a clear definition of the target event, the
time origin, the time scale, and to describe how participants will exit the study. The purpose of
survival analysisisto mode the underlying distribution of the failure time variable and to assess
the dependence of the failure time variable on covariates.

The Cox- proportional hazards model

The Cox proportional model isthe most commonly used multivariable approach for analyzing
survival datain medical research. It is essentially atime-to-event regression model, which
describes the relation between the event incidence, as expressed by the hazard function, and asset
of covariates[11].

The Cox modd iswritten as follows:

hi(t) = ho(t)exp { B1Xir+ BoXiz*....... BpXnp}

Where, ho(t) is baseline hazard, t isthe failure time, X; isa column vector of measured
covariates for ith individual which are expected to affect the survival probability. B1, P2... Ppis
column vector of p regression parameters. i=1, 2.... n. where n istotal number of observationsin
the study.

Accderated Failure Time (AFT) Model

AFT isaparametric model that provides the alternative to the PH model whereas PH assumes
the effect of covariatesisto multiply the hazard by some constant, an AFT model assumes that
the effect of a covariatesisto accelerate or decelerate the life course of an event by some
constant. In which the time to event is assumed to be afunction of explanatory variables. If the
proportionality assumption is not valid, the Cox proportional hazard models cannot be used in
modeling, rather some parametric approaches are appropriate.

Suppose we have the values of p explanatory variables recorded for each individual in a study.
According to the general AFT model, the hazard function of the it~ individual is then,

t
hi(®) = e hy ()
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where 10(t) is the baseline hazard function, ni is an ‘acceleration factor’ that isaratio of
survival times corresponding to any fixed value of i t and the acceleration factor is given
according to the formulawhere n; = a1x1; + a2x2 + - + ApXpi.

According to the relationship of survival function and hazard function, the survival function for
an individual with p covariatesis given by

0 = So {Yn,}

Wheren; = aixai + aoxai + -+ + apxpi is the linear component of the model in which x;; isthe
value of j" explanatory variable X; for the it individual.
Weibull Accelerated Failure Time Modd

Suppose that survival times are assumed to have a Weibull distribution with scale parameter A
and shape parameter y, written W (4, ), so that the baseline hazard function is

h,(t) = Ayt¥ 1
Using theresult h;(t) = e™ih, (ﬁ), the hazard function for thei™ individual isthen,
hy() = (e7M)) Ayt?~?
L og-logistic Accelerated Failure Time model

One limitation of the Welbull hazard is that it is a monotonic function of time. However,
situations in which the hazard function changes direction can arise.

Thelog-logistic distribution of the survival and hazard function are given by

01,+k-1
_ e’ kt
S = {1+ e®t<} " h(t) = ————
® = {1+ h®) =5
When k < 1, the hazard function decreases monotonically and when k > 1, it increases from zero
to a maximum and then decreases to zero.

L og-nor mal Accelerated Failure Time model

The lognormal distribution is aso defined for random variables that take positive values and so
may be used as amodd for survival data. A random variable, T, is said to have alog-normal
distribution with parameters i and ¢, if log T has anormal distribution with p and variance 6°

If the survival times are assumed to have alog-normal distribution, the baseline survival function
and hazard function are given by

logt — u)
)

5o(0) = 1—@(
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()
[1 — (logtT_”)] st

where ®(. ) isthe standard normal distribution function given by

hy(t) =

CD(Z) = — ' exp (T) du

Shared frailty models

The gamma digtribution is very-well known and has ssimple densities. It has been widely used in
parametric modeling of intra- cluster dependent because of its smpleinterpretation, flexibility
and mathematical tractability. It isthe most common distribution used for describing frailty. Even
though gamma models have closed form expressions for survival and hazard functions, from a
computational point of view, it fits very well to frailty data and it is easy to derive the closed
form expressions for unconditional survival and hazard functions.

The survival and hazard functions of the gamma distribution are given by:

_ I, 1) Artelt

S(t) = h(t) =

@ AR

The conditional survival and hazard function of the gamma frailty distribution is given by [12].

S(t) = [1 - 0ln (S(©]™ /0

he (t) = h(t)[1 — 6InS(t)]™*
Where S(t) and h(t) are the survival and the hazard functions of the baseline distributions.
Results

Table 1 shows the distribution of explanatory variables over all of the women at risk in the
median gestational age ranging from 1 to 9 months. The Table displays the number of study
participants by category, including those who had an ANC visit (event), those who had not
(censored), and the percentage of women who had their first ANC visit within the first trimester
(within 12 weeks).

Of the total number of women, 4741 (62.7%) had at |east one antenatal care visit (ANC) from a
qualified healthcare provider, whereas 2818 (37.3%) of them had none until the completion of
the interview. Furthermore, just 20.4% of those expecting mothers had a visit during the first
trimester.

From mother’s age at birth point of view, 51.0% were age 25-34. The proportion of ANC service
started in first trimester is larger for (25-34) age groups than other age groups. Among all women
6591(87.0%) were lived in rural areas and out of this 44.0% of women'’s lived urban resident
start ANC visit in thefirst trimester while 17.0% of women'slived in rural residents start first
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ANC vigit in thefirst trimester. More than half of the women (63.0%) have no education,
(28.0%) had primary education and the remaining (9.0%) had attained secondary & higher
education and 15.0% of none educated women start their ANC visit in the first trimester.
Moreover, among the total women, 44.0% of the household’s wealth indexes were classified as
poor while 21.0% had medium income and 35.0% were rich. 15.0% of women are from poor,
while 19.0% of from medium income and 28.0% from rich income household respectively start
ANC visit in the first trimester.

From household gender point of view about 85.0% of the households were male headed.
Furthermore, 38.0% of the women were Orthodox, 23.0% of Protestant, 37.0% of Muslim and
2.0% of them were from other religion followers. 28.0% of orthodox follower, while 13.0% of
Protestant, 18.0% of the Muslim follower start first ANC visits within WHO recommended
gestational age. The result shows that, 19.0% of awomen had 1st birth order, 30.0% of a women
had (2-3) birth order, while 23.0% of the women had (4-5) birth orders and 28.0% of the women
had six and higher birth order. The proportion of mothers using ANC service in first trimester for
the first birth isrelatively higher 30.0% than subsequent birth orders but only 12.0% for six and
higher birth order.

According to Table 1, ailmost 7.0% of them were from Tigray, 0.9% from Afar, 22.0% from
Amhara, 41.0% from Oromia, 1.0% from Benishangul Gumez, 21.0% from SNNPR, 2.0% from
Harari, and 2.5% were from Addis Ababa, the capital. About 61.0% of mothersin Addis Ababa
and Dire Dawa started visiting an ANC doctor in the first trimester, compared to only 14.0% of
mothersin Somalia and 15.0% of mothersin Oromia and the SNNPR religion who saw an ANC
doctor within three months.

While 46.0% of women had ajob, nearly half (54.0%) did not have one. Regarding ANC visits,
24.0% of women with jobs and 18% of women without jobs received their first ANC visit during
the first trimester.

The data also reveals that 4387 (58.0%) pregnant women said that travel time to the health
facility was amajor barrier to receiving ANC services, as aresult, only 16.0% of pregnant
women began their first ANC visit in the first trimester. 65.0% of the female respondents
indicated they had no access to any mediain terms of mass media exposure. When it came to the
first trimester, just 16.0% of women without access to media began their visit, whereas 29.0% of
women with media access began in the same trimester.

Only 14.0% of women who were not involved in health care decisions began their ANC visitsin
thefirst trimester, compared to 82.0% of women who were involved in health care decisions and
22.0% of women who were involved in health care decisions.

Based on the results, women's husbands' educational attainment, approximately 48.0% had no
education, 38.0% had just completed elementary school, and 14.0% had attended secondary and
higher education. Additionally, 17.0% of women without formal education begin their ANC visit
in thefirst trimester, compared to 20.0% of mothers with primary education and 35.0% of
mothers with secondary education and above.
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Table 1 Summary of descriptive statistics for first ANC visit in Ethiopia

Variable Categories Timeto first ANC visit
Censored No (%) | Event No (%)
Mother’s age at birth 15-19 88 (26) 251 (74)
20-24 480(33) 974(67)
25-34 1330(35) 2489(65)
35-49 920(47) 1027(53)
Place of residence Urban 94(9.7) 874(90.3)
Rural 2724(41.3) 3867(58.7)
Mothers Educational level No education 2211(78.5) 2555(53.9)
Primary 572 (20.3) 1572 (33.2)
Secondary & above 35 1.2 614 (12.9)
Mother’'swork status No 1657(58.8) 2404(41.2)
Yes 1161(33.4) 2337(66.6)
Current Marital Status Never in union 16(28.6) 40(71.4)
Currently in union 2628(37.1) 4450(62.9)
Formerly in union 174(40.9) 251(59.1)
Sex of head of household Male 2397(37.2) 4050(62.8)
Female 421(37.9) 691(62.1)
Religion Orthodox 852(29.7) 2013(70.3)
Protestant 632(36.8) 1084(63.2)
Mudim 1251(44.4) 1566(55.6)
others 83(51.6) 78(48.4)
Wealth index of the family Poor 1576(47.8) 1718(52.2)
Middle 592(37.6) 084(62.4)
Rich 650(24.2) 2039(75.8)
Birth order 1 312(21.9) 1112(78.1)
2-3 741(44.7) 1535(55.3)
4-5 716(40.1) 1032(59)
6+ 1049(49.7) 1062(50.3)
Pregnancy Wanted then 1952(35.1) 3605(64.9)
Wanted later 495(37.6) 820(62.4)
Not at all 371(54.1) 316(45.9)
Women's exposureto Media | No 2225(45) 2722(55)
access Yes 593(22.7) 2019(77.3)
Woman's on health care No 685(49.1) 711(50.9)
decision Yes 2133(34.6) 4030(65.4)
Distance to hedlth facility Not big problem 813(25.6) 2359(74.4)
Big problem 2005(45.7) 2382(54.3)
Husband's Educational level | No education 1705(46.9) 1939(53.1)
Primary 968(33.6) 1914(66.4)
Secondary& above 145(14) 888(86)
Region/ city administrative | Tigray 52(9.8) 480(90.2)
Afar 34(47.9) 37(52.1)
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Amhara 529(32.7) 1091(67.3)
Oromia 1522(48.7) 1601(51.3)
SNNPR 486 (30.5) 1110 (69.54)
Somali 150(56) 118(44)
Benishangul 25(30.9) 56(69.1)
Gambela 6(28.6) 15(71.4)
Harari 4(23.5) 13(76.5)
Addis Ababa 6(3) 191(97)
Dire Dawa 4(12.2) 29(87.8)

Non-Parametric Survival Analysis Results
The Kaplan-Meer estimate of Time-to-First ANC visit

Pregnant women living in rural areas had a median survival time of 6 months (95% ClI: 5.8, 6.2)
for the time before their first ANC visit, compared to 4 months (95% ClI: [3.9,4.1]) for those
living in urban areas. Women who had access to media had alonger median survival time 5
months than non-users when it came to the time until their first ANC visit. Women who lived far
away from a health facility had a median survival period of six months, which was longer than
that of women who lived close to one (4 months). For women without formal education, the
median period of their first ANC visit was six months, longer than that of women with
elementary education (4 months) and secondary education and above (3 months).

The overall median survival time of first ANC visit for Ethiopian pregnant women is 4.5 months
with 95% CI (4.1, 4.9) of first ANC visit was 6 month and 3 months respectively as shown in
Table 2.

Table 2 Summary of response variablefor first ANC visit in month
Median

Variable Minimum | Maximum Mean | SD.

Firs ANCVist 1 9 5.81 1.66

S.D.= standard deviation

| | |
| | |
| 45 |

The K-M plots of Survival and hazard functionsof First ANC visit

Plots of the KM curves to the survival and hazard experience of time-to first ANC visit is shown
in Fig 1. The survival plot isamost constant at beginning up to two months and decreases at
decreasing rate letter. Thisimplies that most of the women didn’t take their first ANC visit within
two months during pregnancy.

Test of PH assumption using Schoenfeld residuals

According to [13], one technique for verifying the PH assumption is the Schoenfeld residual.
According to Table 3 results, the p-value (p-value=0.000) and Chi-square value (182.04) are both
significant. This suggested that there can be data that contradicts the PH assumption. The
violation of the proportional hazard assumption for the covariates is also demonstrated by the
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scatter plots of the Scaled Schoenfeld residualsin Fig 2, which reveal that the curve was slightly
upward.

Table 3 Test of Proportional hazard assumption by using Schoenfeld residual

chi2 df Prob>chi2
global test 182.04 26 0.0000

Accderated Failure Time Model Results

Multivariable AFT models of the Weibull, log-logistic, and log-normal distributions were fitted
to the time-to-first ANC visit data by taking into account all the covariates that were significant
at the 25% level of significancein the univariable analysis. The covariate's place of residence,
spouses levels of education, birth order, religion, family wealth index, media access, mother's
involvement in healthcare decisions, and distance to a medical facility were all significant in the
final model according to Table 4. The covariate mother's work status was significant in the log-
logistic and log-normal models but not in the Weibull model. Age group was not significant in
any AFT model at the 5% level of significance.

Mode comparison for Accelerated Failure Time models

Using the factors that are significant in multivariable analysis, amodel comparison was
conducted. The AIC was used to compare the efficacy of various models. It isthe most widely
used factor that may be used to choose the ideal model. The AIC for Welbull, Log-logistics, Log-
normal is 13500.61, 13142.22, 13135.46 respectively and the BIC for Weibull, Log-logistics,
Log-normal is13693.17, 13341.66, 13334.9 respectively. The time-to-first ANC visit dataset
indicate that the log-normal AFT mode (AlC= 13135.46) fit the data the best.

Multivariable AnalysisAccelerated Failure Time Model

Table 4 below displays the final log-normal AFT model's output. Extended time to first ANC
visit isindicated by an accelerated factor more than one (1 >1), whereas a shorter timeto first
ANC visit isindicated by an accelerated factor less than one ([ <1). In comparison to their
reference category, the covariates of place of residence, birth order, religion, distance to a health
facility, and area exhibited a positive coefficient (71 >1), indicating that they had a longer
duration until their first ANC visit. The time it takes for pregnant Ethiopian women to receive
their first ANC visit is much shortened when mother and husband have higher levels of
education, are employed, have families with more money, have access to the media, and
participate in health care decisions.

When comparing the acceleration factors () for the Tigray region to those for Afar, Amhara,
Oromia, Somali, Benishangul, SNNPR, Gambela, Harari, and Addis Ababa, the results show that
all of those women had longer times until their first ANC visit than the Tigray region. For
women from the Dire Dawa region, however, the difference is not statistically significant
(p=0.171).

Table 4 Result of the final Multivariable log-normal Accelerated Failure Time model
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Variables Category Coef(ﬁ) ()] SE(B) p-value 95% CI for (0)
Residence Urban Ref
Rural 0.242 1.274 0.027 <0.001 [1.207 1.344]
Mother's No education Ref
education Primary -0.163 0.850 0.023 <0.001 [0.812,0.889]
Secondary & -0.207 0.813 0.037 <0.001 [0.757,0.873]
above
Women's No Ref
work status Yes -0.050 0.951 0.018 0.004 [0.918,0.984]
Birth order 1 Ref
2-3 0.045 1.046 0.024 0.062 [0.998,1.096]
4-5 0.061 1.063 0.027 0.025 [1.007,1.121]
6+ 0.179 1.196 0.028 <0.001 [1.133,1.263]
Religion Orthodox Ref
Protestant 0.206 1.229 0.025 <0.001 [1.170,1.290]
Mudim 0.112 1.118 0.020 <0.001 [1.076,1.162]
Others 0.459 1.583 0.078 <0.001 [1.359,1.844]
Wealth index | Poor Ref
Middle -0.165 0.848 0.026 <0.001 [0.806,0.892]
Rich -0.178 0.837 0.025 <0.001 [0.797,0.879]
Mediaaccess | No Ref
Yes -0.134 0.874 0.021 <0.001 [0.838,0.912]
Decision on No Ref
healthcare | yeg 0075 0928 0023 | <0001 | [0.887, 0.970]
Distance Not abig Ref
problem
A big problem 0.128 1.137 0.018 <0.001 [1.096, 1.178]
Husband No education Ref
education Primary -0.158 0.854 0.021 <0.001 [0.819, 0.891]
Secondary & -0.200 0.819 0.031 <0.001 [0.771, 0.869]
above
Region Tigray Ref
Afar 0.499 1.646 0.045 <0.001 [1.506 1.800]
Amhara 0.246 1.279 0.035 <0.001 [1.193 1.370]
Oromia 0.505 1.656 0.038 <0.001 [1.536 1.785]
Somali 0.577 1.780 0.044 <0.001 [1.632 1.942]
Benishangul 0.274 1.316 0.041 <0.001 [1.214 1.426]
SNNPR 0.264 1.302 0.040 <0.001 [1.202 1.409]
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Gambela 0.334 1.397 0.047 <0.001 [1.274 1.532]
Harari 0.241 1.273 0.047 <0.001 [1.161 1.396]
AddisAbaba 0.186 1.205 0.047 <0.001 [1.099 1.320]
Dire Dawa -0.066 0.937 0.048 0.171 [0.853 1.029]
Scale parameter (A) = 0.652 log-Likelihood =- 6538.73 AIC = 1313546

Gamma Shared Frailty M odel

Gamma shared frailty model with three baseline distribution were fitted by using region asa
frailty term and it is highly significant for all the three baseline distributions whereas it was not
significant in inverse Gaussian shared frailty distribution using Weibull and log logistic basdline.
The log-logistic gamma shared frailty model had a smaller AIC (12947.93) than Weibull
(13521.46) and Log-normal (13018.05) gamma shared frailty model. The result also showed that
the value of the shared frailty (0) is0.127, 0.527 and 0.157 for Weibull, log-logistic and Log-
normal gamma shared frailty models respectively; the heterogeneity between regions was high
when estimated by log-logistic gamma shared frailty model, which was 0.527. The Kendall’s tau
(7) ishigher for higher values of theta (6) which measure the association within region. The
estimated T = 0.209 shows that there is strong dependence within the cluster (region). This
indicates log-logistic gamma shared frailty model is more efficient model to describe time-to-
first ANC visit dataset.

Theresult in Table 5 shows that the frailty in thismodel is assumed to follow a gamma
distribution with mean 1 and variance equal to theta (6). The estimated value of theta (0) is
0.527. A likdlihood ratio test for the hypothesis 6 =0 is shown in the last row of Table 5 indicate
a chi-square value of 620.42 with one degree of freedom resulted a highly significant p-value of
<0.001. Thisimplied that the frailty component had significant contribution to the model. And
the associated Kendall’ s tau (t), which measures dependence within clusters (region), is
estimated to be 0. 209. The estimated value of the shape parameter (y) in this model is11.273.
This value showed the shape of hazarded function is Unimodal because the value is greater than
unity it increases up to optimum point and then decreases.

Theresult in Table 5 shows that the confidence intervals of the accelerated factor for all
significant categorical covariates do not include one at 5% level of significance. This shows that
they are significant factors for determining the survival of timeto first ANC visit among
pregnant women in Ethiopia. However, from the covariate mother’ s Protestant religion is not
significant by taking orthodox religion as reference (p-value = 0.2131, 71 = 1.036, 95% Cl,
(0.980, 1.095). The covariate place of residence, birth order, protestant religion and distance to
health facility had acceleration factor greater than one (C1>1), indicating this covariate extending
timeto first ANC visit, while education level of spouses, wealth index of the family, women’s
media access, mother’s involvement on health care decision and Muslim religion had
acceleration factor less than one ([J<1) indicating this covariate shortened time to first ANC visit
compared with to the reference category.

Table 5 Results of the final multivariable log- logistics gamma shared frailty model
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Variables Category Coef(B) SE(B) @ p-value 95% for (0)
Cl
Residence Urban Ref
Rural 0.255 0.040 1.291 <0.001 [1.193, 1.397]
Mothers No education Ref
educational Primary -0.097 0.022 0.908 <0.001 [0.870, 0.947]
level Secondary& above | 0139 | 0033 0870 <0001  [0.815, 0.929]
Birth order 1 Ref
2-3 0.062 0.022 1.064 0.0051 [1.019, 1.112]
4-5 0.075 0.026 1.077 0.0038 [1.024, 1.133]
6+ 0.189 0.027 1.208 <0.001 [1.147, 1.273]
Religion Orthodox Ref
Protestant 0.035 0.028 1.036 0.2131 [0.980, 1.095]
Muslim -0.126 0.023 0.882 <0.001 [0.843, 0.922]
Others 0.329 0.081 1.389 <0.001 [1.186, 1.628]
Wealth index | Poor Ref
Middle -0.131 0.025 0.878 <0.001 [0.835, 0.922]
Rich -0.143 0.024 0.867 <0.001 [0.827, 0.909]
Mediaaccess | no Ref
ye -0.117 0.023 0.890 <0.001 [0.851,0.930]
Decision on No Ref
health care Yes -0.046 0.022 0.955 0.0414 [0.914, 0.998]
Distanceto Not abig problem | Ref
health facility = A big problem 0.076 0.018  1.079 <0.001 | [1.041, 1.117]
Husbands No education Ref
educational Primary -0.090 0021 0914 <0.001  [0.878,0.952]
level Secondary& above | -0.168 | 0020 | 0845 | <0.001  [0.799, 0.895]
Residence Urban | No Ref
with Rural Yes 0.156 0.046 1.169 0.007 [1.068, 1.280]
media access
A =0.292 y=11273  log- Likelihood = - 6453.965

Theta (0) = 0.527 KendallOs(t) =0.209 AIC = 12947.93

Likelihood-ratio test of @ = 0: chi-square2(01) = 620.42, Prob>=chibar?2 = 0.000*

Ref. Reference, Coef: Coefficient of parameter, SE (B"): standard error for B*; ¢= Acceleration
factor; 95%Cl ¢: 95% confidenceinterval for (¢); 6= frailty variance; A= scale parameter; y = Shape

par ameter

Comparison of Log-normal AFT and L og-logistic Gamma shared Frailty model

When the mother who was not educated was used as a reference, the acceleration factor () for
women who attended primary, secondary, and higher education levels was 0.908 and 0.870 with
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95% confidence intervals (0.870, 0.947) and (0.815, 0.929) respectively, at the 5% significance
level. This shows that compared to an illiterate mother, an educated mother had a shorter survival
period until her first ANC visit.

With one birth order used as a reference category, the acceleration factor () and its 95%
confidence interval for the mother's birth orders of 2-3, 4-5, and 6+ were, respectively, 1.064
(2.019, 1.112), 1.077 (1.024, 1.133), and 1.208 (1.147, 1.273). Mothers with two or more birth
orders had alater first ANC visit than mothers with one birth order, and mothers with six or more
birth orders had alonger wait time to the first ANC visit—by a factor of 1.207 at the 5% level of
significance than mothers with one birth order. These accelerated factors were greater than one.

With the poor as the reference, the accel erated factor (1) and its 95% confidence interval (CI)
for the wealth index of the middle-class and rich families were, respectively, 0.878 (0.835 0.922)
and 8657 (0.827, 0.909). A significant p-value of less than 0.001 indicates that the family's
wealth index was a statistically significant factor for the survival of the time until the first ANC
visit.

The mother who had access to the media had an acceleration factor (71) of 0.890 with a95%
confidence interval (Cl) of (0.851, 0.930); the fact that v is less than one indicates that the time
to thefirst ANC visit was shorter for women who used media access than for those who did not.
Compared to women who did not participate in health care choice-making (no decision as
reference; 95% ClI: (0.914, 0.998)), moms who participated in health care decision-making
reduced the duration to the first ANC visit by a factor of 0.955.

Using a non-educated husband as a reference, the acceleration factor (1) for women whose
husbands had only completed primary school was estimated to be 0.914 with a 95% confidence
interval (CI) of (0.878, 0.952) and 0.845 (8.749) for secondary education and above. Compared
to women whose husbands were illiterate, moms whose husbands were educated had shorter
survival times for timeto first ANC visit by afactor of 0.914 and 0.952, respectively.

At the 5% significance level, the distance to the health facility had a statistically significant
effect on the time until a pregnant mother in Ethiopia had her first ANC visit (p-value<0.001).
For the mother's long-distance trip to the medical facility, the acceleration factor (v) was 1.079
with a 95% confidence interval (1.041, 1.117). This shows that mothers who travel a
considerable distance to a health facility have alonger time until their first ANC visit by afactor
of 1.079 at the 5% significance level than mothers who reside close to a health facility.

Using orthodox religion as a reference, the acceleration factor (I ') for mothers who follow the
Muslim faith was estimated to be 0.882 with 95% CI (0.843, 0.922) while for mothers who
follow other religions, it was 1.389 with 95% CI (1.186, 1.628). This suggests that, even while
there is no appreciable difference in the duration to the first ANC visit between women's
protestant and orthodox religious followers, Muslim religious followers had a shorter survival
time than orthodox religious followers.

The women who lived in rural areas and had access to media had an acceleration factor (o) of
1.169 with a 95% confidenceinterval (Cl) of 1.068 to 1.280. Thisindicates that the women who
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had media access and lived in rural areas had alonger survival time before their first ANC visit
compared to the women who lived in urban areas and had no media access.

Model diagnostics
Cox-Snell residual plots

One method for determining how well the model fits the dataisto look at the Cox-Snell
residuals. Fig 3 below shows the plot for the fitted model of residuals for log logistic to our data
using cumulative hazard function and maximum likelihood estimate. The cumulative hazard
function against Cox-Snell residuals graphic indicates that the log logistic baseline distribution is
nearly a straight line through the origin with slop 1, indicating that it is more suited for the time
to first ANC visit data set than the Weibull and log normal distributions.

Discussion

The main aim of the study was to assess the timing of pregnant women’s first antenatal care visit
and to identify its determinant factors among pregnant mothers in Ethiopiausing AFT and
parametric shared frailty models by considering three baseline distributions (Weibull, log-
logistic, log-normal distributions) and gamma frailty.

According to WHO recommendation on ANC for a positive pregnancy experience; every
pregnant mother should start ANC booking during the first trimester of pregnancy (WHO, 2018).
However, in this study out of the total 7559 pregnant women in Ethiopia, only one-fifths (20.4%)
of mothers started their first ANC visit within the right time, and the rest 79.6% started late. This
is consistent with studies conducted in Ethiopia Gamo Gofa [14], Dembecha [15] 6%, Wollega
[14], 19%, 21.7% respectively and Nigeria [16] 17.4%; but this finding is comparatively lower
than the study finding from Ethiopia Addis Ababa [17] 42%, Gondar [18], 35%, Debre Markos
[9] 66.6% and Tigray [8] 41% and from abroad Tanzania[19] 29%.

The estimated median survival time of the first ANC visit during pregnancy of Ethiopia pregnant
women is found to be 18 weeks (4.5 months) with 95% confidence interval (4.1, 4.9). Thisis
almost analogous to a previous study from Ethiopia which was 4.5 months from Gondar [18], 5
monthsin Tigray [8] and 5 monthsin Tanzania[19]. This finding is almost similar with the
EDHS-2016 report of 4.7 months[7]. This study result is relatively lower compared to the
finding of another study reported 6 months in Nigeria[16].

Multivariable analysis using log-logistic gamma shared frailty model show that from
predisposing factors, place of residence, women’s educational level, birth order, religion, media
access, women's involvement on health care decision, husband's educational level and from
enabling factors wealth index of the family and distance to health facility were significantly
associated with timeto first ANC visit during pregnancy in Ethiopia at 5% level of significant.
The result of the current review isin agreement with the systematic review and meta-analysis by
Gezahegn Tesfaye [20] and other studies conducted in Ethiopia, Tigray [8], Gondar [18],
Wollega[21], Denbecha[15], in Tanzania[19] and in Nigeria[16]. But gender of the household
head, women’s marital status, women’s work status, pregnancy type and age of the mother are
not significant predictor of timing of first ANC visit.
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The results of this study suggested that place of residencesis significant predictive factor for
tome-to-first ANC visits of Ethiopian pregnant women. Those pregnant women's living in rural
areawas 1.291 times late to start their first ANC visit as compared to their counterpart with
urban area. The finding is supported by the study conducted in Ethiopia East Wollega zone, [20],
Gondar Town [18], Tigray [8], and abroad Ethiopiain Tanzania[19] and Nigeria[16].

This study showed that women’s education level has a significant effect on timing of first ANC
visit, indicates that women with primary, secondary and above education level start ANC visit
earlier than illiterate women. This result agreed with those studies conducted in Ethiopia, East
Wollega zone [20], North West Gondar Town [18], Tigray [8]. It could be reasonable to say that
educated women, compared to uneducated, have better access to information, possess a level of
health literacy that could empower them to exercise their choice and overcome cultural barriers
of ANC service utilization [22].

The finding of this study revealed that religion had a significant effect on the timeto first ANC
visit. This shows that there was the difference in the timing of ANC visits along religion, where
women who followed the Muslim religion had a shorter time to first ANC visit. The study
conducted in the East Wollega zone, Ethiopia[20] and Nigeria[16] shows the same resullt.

As part of enabling factors, this study shows that the economic status of the family isa
significant determinant factor of the timing of first ANC visit. Pregnant women who had high
household income shortened the time to first ANC visit by a factor of 0.867 times as compared to
those households with low economy. This finding isin line with studies conducted in Ethiopia,
East Wollega Zone [20], North West Gondar Town [18], Tigray Ethiopia[8], and abroad Ethiopia
in Tanzania[19] and Nigeria[16]. Thisis because the fact that those mothers in wealthy
households used the health service more than those in poor and middle-income ones, high
income increases the ability to pay for health care services, transportation, and other indirect
costs and better education.

Access to mediais one of the determinant factors of timeto the first ANC visit. The findings of
this study show that those pregnant women who exposed to media have 0.890 times shortened
timeto their first ANC visit as compared to their counterparts who had no access to media. The
finding is supported by the study conducted in the Central Zone, Tigray Ethiopia[8], south
Ethiopia[23], and East Wollega Zone [20].

The result of this study shows that women’s involvement in health care decisions is another
variable found that is associated with the timing of the first ANC visit. Women who had been
involved in health care decisions shortened their first ANC visit by a factor of 0.955 times than
those who had not been involved. This could be because noninvolved women were under the
influence of their family or husband (especially in male-headed householder families), restricted
from complying with family norms, and had alack of family or social support. Thefindingis
supported by the study done in the East Wollega zone, Ethiopia[20], North West Gondar Town
Ethiopia[18], Tanzania[19] and Nigeria[16].

In this study as part of enabling factors revealed that distance to health facilities was found to be
a determinant factor of the first ANC visit. Pregnant women who lived far from the health
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facility were 1.079 times more likely to be started late for their first ANC visit as compared to
their counterparts who lived near to health facility. The finding is supported by the study
conducted in Nigeria[16], women who live within an hour's walking distance from the health
facility were about eight times more likely to visit ANC than those above an hour distance
walking.

This study also found that women’s having husband who attended primary, secondary, and above
education level start ANC visits earlier than those women whose husbands never attended formal
education. Thisresult agreed with those studies conducted in Ethiopia, East Wollega zone [20],
and Tigray Ethiopia[8]. Education of the mother and husband could play a great rolein
improving awareness of health matters and the importance of ANC in particular, having
awareness enables women to seek ANC and utilize the service early in pregnancy [20].

This study finds that the gender of the household head, women’s marital status, women's work
status, pregnancy type, and age of the mother are not significant predictors of the timing of the
first ANC visit. which isin line with the prior study conducted in Nigeria[16] and Ethiopia, [20],
[21]. A study from Nigeria[16] aso shows that the variable pregnancy type does not affect
timing of thefirst ANC visit. Other studiesin Tigray Ethiopia (Gidey et al., 2017) and East
Wolloga (Ejeta et al, 2017) find that mothers' age is not significantly associated with thetimeto
first ANC visit. In contrast to this study result, studies from Nigeria[16], Tanzania[19], Gondar
[18], and Wollega[20], revealed that mother’s age and women’s work status, were significantly
associated with first ANC visit. Mothers aged greater than 25 years and below were more likely
to commence at the recommended time compared to their counterparts [23]; and employed
women were less likely to delay their ANC as compared to their counterparts [20]; a study from
Tanzania[19] and Gondar Ethiopia [18], shows that unmarried younger women were more likely
to booking ANC visit early than married women. This difference may be due to sample size, time
of study, and population composition.

Conclusions

The study subjects (pregnant women) in this study came from clustered communities and hence
clustered survival data correlated at the regional level, indicates the presence of heterogeneity
and necessitates between regions; assuming that women within the same region share similar
unobserved risk factors. The results of the log-logistic gamma shared frailty model showed that
place of residence, mother's and husband's level of education, birth order, religion, wealth index,
media access, women'’s involvement in health care decisions and distance to health facility were
found significant predictors for time-to-first ANC visit of pregnant women in Ethiopia. In
general, this study illustrates that women’s and their husbands primary and high level of
education, having media access, urban resident women, involved on health care decision,
orthodox and Muslim religion follower, women’s who had lower birth order, lived near to health
facility and increasing wealth index of the family were significantly shorten time-to-first ANC
visit, while women’'s residing in rural areas, other religion follower, had higher birth order, had
no media access, not involved on health care decision and women'’s lived far from health facility
have significantly prolong timeto first ANC visit. From the category of women's religion,
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protestant was not statistically significant. The current finding illustrates that highest proportion
of women in Ethiopia still late for first ANC booking, which in turn implies that many women
are at risk of several obstetric complication.
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