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Abstract

Background

Alcohol consumption during pregnancy is a known contributor to teratogen and causes a
range of effects on pregnancy and birth outcomes. This study aimed to investigate the spa-
tial variation and determinants of alcohol consumption among pregnant women in Ethiopia.

Methods

A secondary data analysis was conducted using the 2016 Ethiopian Demographic and
Health Survey data. A total of 1,135 pregnant women were included in the analysis. ArcGIS
version 10.7 software was used to explore the spatial distribution of alcohol consumption,
and SaTScan version 9.6 was employed to identify the significant spatial clusters of alcohol
consumption. A mixed multi-level logistic regression analysis was employed to identify the
determinant factors of alcohol consumption during pregnancy.

Results

The result showed that the prevalence of alcohol consumption during pregnancy was
22.49% (with a 95% CI: 18.18 to 26.17). The spatial analysis showed that the spatial distri-
bution of alcohol consumption significantly varied across the country [Global Moran’s | value
=0.30 (P<0.001)]. The SaTScan analysis identified two most likely clusters with high rates
of alcohol consumption such as northwest Ethiopia (Log-Likelihood Ratio (LLR) = 155.586,
p<0.001) and central Ethiopia (LLR = 19.27, p<0.01). Never in union, divorced and/ widowed
[Adjusted odds ratio (AOR) = 2.56; 95% ClI: 1.07, 10.14], attended primary school [AOR =
0.45; 95% Cl: 0.27, 0.95], having two or more lifetime sexual partners [AOR = 2.59; 95% ClI:
1.11, 6.18], living in rural [AOR = 1.52; 95% ClI: 1.12, 2.93] and higher community media
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exposure [AOR = 0.54; 95% CI: 0.28, 0.97] were the factors associated with alcohol
consumption.

Conclusion

Alcohol consumption during pregnancy in Ethiopia was high. The spatial distribution of alco-
hol consumption was significantly varied across the country. Therefore, public health inter-
ventions targeting areas with high alcohol consumption are needed for drinking cessation
and to prevent poor pregnancy outcomes related to alcohol use.

Introduction

Pregnancy alcohol consumption is a modifiable risk factor for adverse effects on mothers and
birth outcomes [1,2]. Maternal alcohol consumption is a known contributor to the high inci-
dence of preterm delivery, low birth weight, spontaneous abortion, congenital malformations,
and intrauterine growth retardation [3,4]. It results in a substantial risk of fetal alcohol spec-
trum disorders (FASDs) and fetal alcohol syndrome (FAS) [5,6]. FAS affects a newborn child’s
development in a number of ways, including learning and memory impairments, attention
deficits, and troubles with social and emotional development [3,5,7]. Consumption of alcohol
during the first trimester is extremely hazardous to the health and neurodevelopment of the
baby [8,9]. Negative pregnancy outcomes can be reduced by avoiding alcohol consumption
because there is no safe amount of alcohol for pregnant women [10].

Globally, the estimated prevalence of alcohol consumption among pregnant women was
9.8% [11]. As the study report of different sub-Saharan African countries among pregnant
women indicated, the prevalence of maternal alcohol consumption ranges from 2.5% to 59.3%
[2,12-14], and from 3.4% to 20.5% in eastern Africa WHO region [11]. Alcohol consumption
is widespread in Ethiopia, and it is used in a variety of social and religious contexts. As previ-
ous studies indicated, in Ethiopia, the prevalence of alcohol consumption among pregnant
women was ranging from 7.9% to 34% [11,15,16]. These studies also showed the discrepancy
in alcohol consumption across different geographical settings. Younger maternal age, divorce
in marital status, lower educational level, unplanned pregnancy, lack of awareness about the
effect of alcohol consumption, husband alcohol consumption, presence of partners and friends
who consume alcohol, unemployment, and low socioeconomic status were the factors contrib-
uting for alcohol consumption among pregnant women [15,17-19]. Intimate partner violence,
null parity, current tobacco smoking and use of other substances like Khat, cocaine, and mari-
juana during pregnancy, previous alcohol and other substance use when they were not preg-
nant, and having chronic medical and mental illness were also important predictors of
maternal alcohol consumption [2,17,20,21]. It is also indicated that women who are living in
rural areas are at high risk for drinking during pregnancy [19,22].

Previous primary studies have focused on alcohol drinking among pregnant women attend-
ing the facilities and lack focus on community-based using the population dataset at the
national level [16,23]. However, there were no studies about the spatial distribution of alcohol
consumption among pregnant women in Ethiopia. The current study was based on the recent
Ethiopian Demographic and Health (EDHS) data that incorporates the entire nation with a
large representative sample size. In addition, the study employed a multilevel logistic model to
accommodate the hierarchical nature of the EDHS data. Identifying the spatial distribution
and determinants of alcohol consumption during pregnancy is crucial for policymakers to
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evaluate programs; design interventions in major hot spot areas, and for planning maternal
health care services related to alcohol consumption to have a healthy newborn baby. The
results of this study could also be used for the delivery of strong health information and to bol-
ster the existing strategies regarding maternal alcohol consumption. Therefore, the study
aimed to investigate the spatial distribution and identify the individual and community level
determinants of alcohol consumption among pregnant women in Ethiopia based on the
EDHS 2016 data.

Methods and materials

Study setting, participants and procedures

The study used the Ethiopian Demographic and Health Survey (EDHS) data of Ethiopia. Ethi-
opia is classified into nine regional states, two administrative cities, 611 Woredas, and 15,000
Kebeles. Administratively each region is divided into zones and zones into Woredas which is
the third administrative division of the country. Finally, at the fourth level, Woredas are fur-
ther subdivided into Kebeles which are the lowest administrative unit [24]. A population-
based cross-sectional study was employed in Ethiopia in which the data was extracted from the
EDHS 2016 dataset; this was collected from January 18 to June 27, 2016. All pregnant women
aged 15-49 years in the selected enumeration areas of the survey were considered the study
participants.

The Ethiopian Demographic and Health Statistics 2016 survey used a two-stage stratified
cluster sampling technique. The sampling frame was selected from the 2007 Population and
Housing Census [24]. The regions were stratified into urban and rural, producing 21 strata. In
each stratum, sample Enumeration Areas (EA) were selected independently in two stages by
using proportional allocation and implicit stratification. In the first stage, a total of 645 EA
(202 in urban areas and 443 in rural areas) were selected out of 84,915 EA. In the second stage
of selection, a mean number of 28 households per cluster were systematically selected sup-
ported by the newly created household listing. EAs with “0” longitude and latitude data were
dropped. Among 645 EAs two of them were not included initially in the DHS coordinate file.
Of 643 EAs 487 were included in our analysis, the rest EAs were excluded due to dropped the
zero GPS cells. Further detailed information about the sampling procedures and household
selection has existed in the 2016 EDHS report [24]. For this study, the 2016 EDHS of the
women dataset were used. A weighted sample of 1,135 pregnant women was used for the final
analysis.

Study variables

The outcome variable for this study was alcohol consumption responses from the two survey
questions. The first question was “have you ever taken a drink that contains alcohol?” and the
second: “during the last 30 days, how many days did you have a drink that contains alcohol?”
Current alcohol consumption was defined as those pregnant women who drank daily or had
drunk in the past 30 days that contain alcohol based on these questions. The individual and
community-level variables were considered independent variables in the study. Individual-
level parameters comprised age, marital status, maternal education level, household wealth
index, individual’s media exposure, current employment, tobacco smoking, Khat chewing,
pregnancy term, number of sex partners/ husbands, wanted pregnancy, parity, and religion.
The household wealth index was a categorized variable by the DHS as poorest, poor, middle,
rich, and richest, and we used it as is for analysis; we have used it as it is. Some of these factors
were re-categorized for the simplicity of analysis. Only half of the pregnant women in the data
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were screened for intimate partner violence and partner/husband alcohol consumption, hence
these parameters were not included in the analysis.

The variables considered as community-level factors were the place of residence and com-
munity-level media exposure. In the EDHS, participants’ media exposure was ascertained by 3
survey questions: “how often do you have read newspaper or magazine; how often do you lis-
ten to the radio, and how often do you have watching television? The responses were “not at
all”, “at least once a week” and “more than once a week” for each question. Based on these
questions, the individual level of media exposure was obtained by aggregating the specified
ways of getting information such as reading news or magazine, listening to the radio, and
watching television which gives a sum-total score ranging from zero to six. Then, the total
score of media exposure was categorized as “yes” if the total score was greater than zero and
“no” if the sum score was zero. Therefore, in this study, individuals’ media exposure was
defined as those individuals who have a chance to get information through at least one of a
specified mass media such as reading news or magazines, listening to the radio, and/or watch-
ing television at least once per a week.

The community-level media exposure was obtained by aggregating the individual-level
media exposure into clusters by using the proportion of those who had media exposure. This
community-level media exposure shows the general media exposure within the community.
Since the aggregated variable had a skewed distribution, and therefore median values were
used to categorize as higher and lower.

Data management and statistical analysis

Data extraction, recoding, and descriptive statistics such as frequencies and percentages of var-
iables were done using STATA-version 14. Sampling weights were performed before the analy-
sis to restore the representativeness and to adjust the non-proportional allocation of the
sample to strata and regions during the survey process. After the data adjustment and descrip-
tion, three statistical analysis models were preformed such as spatial autocorrelation and inter-
polation, spatial Scan distribution, and multilevel logistic regression analysis. Spatial
distribution and a mixed multi-level logistic regression model were employed to identify the
spatial variation and determinant factors of alcohol consumption during pregnancy,
respectively.

Spatial data analysis. Spatial data analysis was performed using ArcGIS version 10.7 and
Spatial Scan Statistics (SaTScanTM version 9.6) software. ArcGIS 10.7 was used for doing
Moran’s I Analysis. Global Moran’s I statistics was used to determine the presence of spatial
autocorrelation and whether alcohol consumption was dispersed, clustered, or randomly dis-
tributed across the country. Moran’s I value close to -1 indicated dispersed, Moran’s I value
close to + 1 indicated clustered, or Moran’s I value was zero indicated randomly distributed.
Moran’s I p-value < 0.05 indicated the presence of spatial autocorrelation. Hot spot analysis
was done using Getis-Ord Gi* statistics to measure how spatial autocorrelation varies over the
study location by calculating GI Bin for each area. High GIBin" in the statistical output indi-
cated "hotspot" whereas low GI* indicated "cold spot. The ordinary Kriging spatial interpola-
tion analysis was used to predict alcohol consumption for un-sampled areas based on sampled
EAs.

Spatial SaTscan analysis. It was conducted using Kuldorff’s SaTscan version 9.6 software.
This helps to identify the geographical locations of statistically significant spatial clusters of
alcohol consumption among pregnant women. Pregnant women who were not drinking alco-
hol were considered controls, and those who were drinking alcohol were taken as cases repre-
sented by a 0/1 variable and fitted in the Bernoulli model. The number of cases in each
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location had a Bernoulli distribution and the model required data with or without alcohol con-
sumption. The default maximum spatial cluster size of < 50% of the population was used as an
upper limit, which allowed both small and large clusters to be detected and ignored clusters
that contained more than the maximum limit. The result was reported using both table and
figure. Areas with a high log likely hood ratio (LLR) and p-value < 0.05 were considered to
high risk of alcohol consumption as compared to areas outside the window. Finally significant
and most likely clusters with LLR, RR, and P-values were reported.

Multi-level analysis

First bi-variable multilevel logistic regression analysis was performed using STATA-14 and
those variables with a p-value <0.20 were selected for multivariable analysis. After selecting
variables for multivariable analysis, four models; the null model (without explanatory vari-
ables), model II (containing only individual-level factors), model III (examined the effect of
community-level factors), and model IV (which incorporates both individual and community
level factors) were fitted. In the multivariable analysis, variables with a p-value of <0.05 were
considered statistically significant and the factors associated with alcohol consumption were
reported by an Adjusted Odds Ratio (AOR) at a 95% confidence interval. Model comparison
and fitness was assessed using the log-likelihood and deviance and the model with a lower
result of log-likelihood and deviance (Model IV) was considered the best-fitted model. The
final model (model IV) was the best-fitted model and was selected for reporting of the results
of the study. In addition, the measures of community variation (random effects) such as the
Intra-Class Correlation (ICC), median odds ratio (MOR), and proportional change in variance
(PCV) [25-27] were computed. These parameters were calculated to quantify; the degree of
homogeneity of substance use within clusters, the degree of variation of substance use across
clusters in terms of the odds ratio scale, and the proportion of variance explained by consecu-
tive models, respectively.

Ethics approval and consent to participate

Ethics approval was not required since this study is a secondary analysis based on the 2016
EDHS data. Before conducting our study, we registered and requested the dataset from DHS
online archive and received approval to access and download the data files from the DHS web-
site: https://dhsprogram.com/data/dataset_admin/index.cfm All DHS data should be treated
as confidential, and no effort should be made to identify any household or individual respon-
dent interviewed in the survey. The data could be used only for statistical reporting and analy-
sis, and only for our registered research. According to the EDHS 2016 report, all respondents’
data were anonymized during the collection of the survey data [24].

Results
Socio-demographic, pregnancy, and behavioral characteristics

Weighted samples of 1,135 pregnant women were included in this analysis of the data. Of the
participants, 333 (29.29%) were aged between 25 and 29 years, and 43.12% of them were Mus-
lims. The majority of the participants (96.59) were married; more than half (53.20) had no for-
mal education, and nearly three-quarters (73.93%) were working at a moment. Moreover,
85.83% of the women lived in rural areas, and 23.33% of the households had a lower wealth
index. The majority (70.34%) of the women wanted the current pregnancy, and 448 (39.45%)
of the women were in the second trimester of their pregnancy (Table 1).

PLOS ONE | https://doi.org/10.1371/journal.pone.0279405 December 21, 2022 5/18


https://dhsprogram.com/data/dataset_admin/index.cfm
https://doi.org/10.1371/journal.pone.0279405

PLOS ONE

Spatial distribution and determinants of alcohol consumption among pregnant women in Ethiopia

Table 1. Socio-demographic, pregnancy and behavioral characteristics of pregnant women according to EDHS of 2016 (n = 1135).

Variables Categories Frequency (n) Percent (%)
Age in years 15-19 101 8.93
20-24 299 26.34
25-29 333 29.29
30-34 223 19.64
35-39 126 11.11
>40 53 4.69
Marital status Married 1088 95.86
Never in union 11 0.97
Widowed 10 0.88
Divorced 26 2.29
Religion Orthodox 365 32.15
Protestant 244 21.50
Muslim 489 43.12
Others* 37 3.23
Educational status No formal education 604 53.20
Primary school 397 35.03
Secondary school 94 8.28
Higher 40 3.49
Working status Not working 839 73.93
Yes working 296 26.07
Media exposure No 726 63.97
Yes 409 36.03
Household Wealth index Poorest 257 22.67
Poorer 265 23.33
Middle 213 18.77
Richer 198 17.45
Richest 202 7.78
Region Tigray 56 4.93
Afar 12 1.07
Ambhara 220 19.41
Oromia 496 41.93
Somali 59 5.24
Benishangul 11.65 1.03
SNNP 264 23.26
Gambella 3 0.23
Harari 4 0.31
Addis Ababa 24 2.16
Dire Dawa 5 0.44
Living Residence Urban 161 14.17
Rural 974 85.83
Term of pregnancy First trimester 241 21.23
Second trimester 448 39.45
Third trimester 446 39.32
Number of living children No 240 21.19
1-3 children 550 48.41
4-6 children 284 25.06
>6 children 61 5.33

(Continued)
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Table 1. (Continued)

Variables Categories Frequency (n) Percent (%)
Number of sex partners One 908 79.96
Two or more 227 20.04
Current pregnancy wanted Yes 1,028 90.61
Not at all 107 9.39
Ever terminated pregnancy No 1,025 90.33
Yes 110 9.67
Visited by health field workers No 786 69.26
Yes 349 30.74
Smoke tobacco products No 1,120 98.72
Yes 15 1.28
Ever chewed Khat No 948 83.56
Yes 187 16.44
Note:-

Others*: Catholic, traditional; Others**: Never in union, divorced, widowed, and/separated.

https://doi.org/10.1371/journal.pone.0279405.t001

Prevalence of alcohol consumption among the pregnant women

The estimated prevalence of alcohol consumption during the current pregnancy among preg-
nant women in Ethiopia was 22.49% with a 95% CI of 18.18 to 26.17. It is varied across the
regions of the country. The highest prevalence (73.21%) was observed in the Tigray region and
the lowest (0%) in Somali (Fig 1).

80
73{21

70

60.9
60

55.31

50

40

32.35

30
2493

20

10.99
10 6.74 7.99

2.87 2.87

® Regional prevalence

Fig 1. Regional prevalence of alcohol consumption during pregnancy in Ethiopia, 2016.
https://doi.org/10.1371/journal.pone.0279405.g001
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The spatial distribution of alcohol consumption among pregnant women in Ethiopia, 2016
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Fig 2. Spatial distribution of alcohol consumption among pregnant women across regions in Ethiopia, 2016.

https://doi.org/10.1371/journal.pone.0279405.9002

Spatial analysis result

Spatial distribution of alcohol consumption among pregnant women. As shown in Fig
2, the higher proportion of alcohol consumption has occurred in the entire part of Tigray,
most parts of Amhara, Addis Ababa, and some parts of Benishangul Gumuz and Gambella
regions. On the other hand, a low proportion of alcohol consumption occurred in Dire Dawa,
Harari, Eastern Oromia, Afar, Somali, central Gambella, and Northeast SNNP regions of
Ethiopia.

Spatial auto-correlation. In this study, the spatial distribution of alcohol consumption
among pregnant women in Ethiopia was non-random with Global Moran’s I value = of 0.30
(P-value <0.001). High rates of alcohol consumption were observed across the country as
shown in the clustered patterns (on the right side). A Z-score value of 6.124 indicated that
there is less than a 1% likelihood that this clustered pattern could be the result of random
chance (Fig 3).

Hot spot analysis of alcohol consumption among pregnant women

As shown in Fig 4, the red color indicated significant hot spot clusters (high alcohol consump-
tion) and was observed in the entire part of Tigray, most parts of Amhara, Addis Ababa, east
Beneshangul Gumuz, north Afar, and the northern part of the Oromia regions.

Spatial interpolation of alcohol consumption

Based on the ordinary Kriging interpolation analysis, the red color indicated the more intense
areas of alcohol consumption as observed from the predicted prevalence-filled contours. The
entire part of Tigray and the majority part of Amhara regions were identified as predicted
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Fig 3. Spatial autocorrelation of alcohol consumption among pregnant women in Ethiopia, 2016 EDHS data.

https://doi.org/10.1371/journal.pone.0279405.9003

more intense areas of alcohol consumption as compared to other regions of the country with a
prevalence of 75.23% to 100% (Fig 5).

Spatial scan statistical analysis. A spatial scan statistical analysis identified 2 significant
clusters with a total of 124 enumeration areas, of them the first was a primary (most likely)
cluster, and the left one was a secondary cluster. The primary cluster spatial window red color
as shown in Fig 6 was located in the majority parts of the Tigray and Ambhara regions that
were centered at 12.669915 N, 36.775082 E with 313.13 km radius, a Relative Risk (RR) of 7.47
and Log-Likelihood Ratio (LLR) of 155.56, at p-value <0.001 (Table 2). It showed that the
pregnant women inside the spatial window had 7.47 times higher risk of consuming alcohol
than pregnant women outside the spatial window.

Multilevel logistic regression analysis

Random effects and model fitness. There was a significant variation in log odds of alco-
hol consumption during pregnancy across the communities in the null model (Model-I) (62
u0 =4.70, P < 0.001). This variation remained significant after controlling the individual- and
community-level factors in all models. According to the computed ICC coefficient, differences
in clusters account for about 58.83 percent of the overall variation in pregnant women’s alco-
hol consumption, while individual differences account for 41.27 percent. The null model also
had the highest MOR value (7.84) indicating that when individuals were randomly selected
from one cluster with a higher risk of alcohol consumption and the other cluster with a lower
risk, those in the higher risk cluster had 7.84 times higher odds of alcohol consumption than
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The hot spot analysis of alcohol consumption among pregnant women in Ethiopia, 2016
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Fig 4. The Hot spot analysis of alcohol consumption among pregnant women in Ethiopia, 2016.
https://doi.org/10.1371/journal.pone.0279405.9004

Kriging interpolation analysis of alcohol consumption among pregnant women in Ethiopia, 2016
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Fig 5. Spatial interpolation of alcohol consumption among pregnant women in Ethiopia, 2016.
https://doi.org/10.1371/journal.pone.0279405.9005
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Spatial scan statistical nalysis of alcohol consumption among pregnant women in Ethiopia, 2016
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Fig 6. SaTScan analysis of hotspot clusters of alcohol consumption among pregnant women in Ethiopia, 2016.

https://doi.org/10.1371/journal.pone.0279405.9006

those in the lower risk cluster. In addition, the highest (65.5%) PCV in the full model (model
IV), indicates that the combined factors at both the individual and community levels explained
65.5 percent of the variation in log odds of having alcohol consumption variation across the
community level (Table 3).

Model fitness was determined using Log-likelihood and deviance values, as shown in
Table 3, with lower values in the entire model (model IV), indicating that model-IV was a bet-
ter explanatory model for alcohol consumption during pregnancy. This also suggests that the
addition of community compositional factors increased the multilevel model’s ability, con-
firming the multilevel model’s goodness of fit.

The fixed effect analysis result. For the determinant factors analysis, the fixed-effect anal-
ysis was used. In multivariable multilevel logistic regression analysis, being never in the union,
divorced and/ widowed, maternal education, having two or more lifetime sex partners, living
in rural areas and higher community media exposure were all found to be significantly associ-
ated with alcohol consumption with a p-value of <0.05.

Table 2. SaTScan analysis result of alcohol consumption among pregnant women in Ethiopia, 2016.

Clusters | Enumeration areas Coordinate/ radius Population |Case |RR |LLR | P-value
1(88) 279, 292, 638, 52, 296, 312, 327, 612, 163, 152, 169, 158, 431, 73, 602, 516, 512, 80, (12.669915 N, 36.775082 | 167 128 | 7.47 | 155.56 | <0.001
258, 361, 253, 541, 386, 132, 548, 167, 199, 515, 425, 615, 429, 403, 583, 340, 3, 551, E)/313.13 km
268, 246, 98, 559, 181, 255, 256, 38, 528, 36, 584, 542, 66, 156, 375, 579, 150, 636, 183,
545, 597, 474, 35, 364, 400, 244, 81, 494, 538, 300, 184, 392, 136, 591, 176, 355, 84,
482, 531, 430, 160, 45, 604, 229, 449, 94, 351, 218, 200, 442, 479, 350
2 (36) 108, 31, 11, 339, 414, 532, 582, 59, 463, 159, 144, 153, 274, 112, 293, 645, 464, 19, 110, | (9.03217N, 38.733008 E) | 56 32 3.09 | 19.27 | <0.01
225, 61, 428, 451, 509, 539, 330, 211, 261, 402, 252, 353, 303, 121, 125, 217, 423 /78.91 km
https://doi.org/10.1371/journal.pone.0279405.t1002
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Table 3. Model comparison and goodness of fit test in the multilevel analysis.

Random effect Model I Model IT Model III Model IV
Community variation 4.70 (.17)** 2.26 (0.25)** 3.14 (0.42)* 1.62 (0.26)**
ICC 0.5882 0.4072 0.4883 0.2769
MOR 7.84 4.17 5.38 3.35

PCV Ref 0.52 0.33 0.66

Model fit statistics Model I Model IT Model III Model IV
Log-likelihood ratio test -393.25 -245.47 - 368.62 -226.26
Deviance 786.50 490.94 737.24 452.52
Note:

* = p-value <0.05
** = p-value<0.001.

https://doi.org/10.1371/journal.pone.0279405.t003

Mothers who were never married, divorced, or widowed in their marital status had 2.56
times [AOR = 2.56; 95% CI: 1.07, 10.14] higher odds of consuming alcohol while pregnant
than those who were married. Women who had attended primary school education had 55%
[AOR = 0.45; 95% CI: 0.27, 0.95] lower odds of alcohol consumption during the current preg-
nancy as compared to women who hadn’t attended formal education. The women who had
two or more ever sex partners/ husbands had 2.59 times [AOR = 2.59; 95% CI: 1.11, 6.18]
higher odds of alcohol consumption as compared with the women who had one sex partner/
husband. The odds of having alcohol consumption among women who are living in the rural
areas was increased by 52% [AOR = 1.52; 95% CI: 1.12, 2.93] as compared to women living in
urban. In terms of community media exposure, pregnant mothers who lived in a community
with more media exposure had a 46% reduced odds of alcohol consumption [AOR = 0.54;
95% CI: 0.28, 0.97] than those who lived in a community with less media exposure (Table 4).

Discussion

Using nationally representative EDHS data, this study looked into the spatial distribution and
determinants of alcohol intake among pregnant women in Ethiopia. The information pre-
sented was gathered before the COVID-19 epidemic. Alcohol consumption was found to be
22.49 percent in the current study. This finding is consistent with previous research in Uganda
[19] and Congo [28]. This finding matched the findings of systematic review of research con-
ducted in Sub-Saharan African countries [2]. This finding was lower than the results of previ-
ous studies done in northwest Ethiopia [15], South Africa [20], Nigeria [13], Ghana [29], and
Russia [7]. It could be related to differences in study settings, screening instruments for alcohol
consumption, and study design. Participants in the Ethiopian and Ghanaian studies, for exam-
ple, were recruited from a small geographically located health facility. In the South Africa,
Nigeria, and Russia studies, a standardized alcohol consumption identification tool question-
naire was employed. The current study, on the other hand, used national-level population-
based data and only two alcohol use assessment DHS items. The Ghana study utilized a longi-
tudinal study design, whereas this study employed a cross-sectional study design. A longitudi-
nal follow-up of alcohol use patterns is more accurate than a one-time measurement of alcohol
consumption status [30], and drinking behavior may be under-reported in the current cross-
sectional study. Discrepancies in pregnant women’s drinking habits could be associated with
social, cultural, religious, and health policy differences [31,32]. Furthermore, due to social
desirability bias, recall bias, and societal and cultural norms regarding drinking alcohol,
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Table 4. Multivariable multilevel logistic regression analysis result of the individual and community level determinants of alcohol consumption among pregnant
women in Ethiopia, 2016.

Variables Model I Model IT (AOR 95% CI) Model ITI(AOR 95% CI) Model IV (AOR 95% CI)
Age in years
15-19 1 1
20-24 0.56 (0.15, 1.90) 0.53 (0.17, 1.71)
25-29 0.70 (0.20, 2.40) 0.67 (0.21, 2.14)
30-34 0.56 (0.15, 2.01) 0.66 (0.20, 2.21)

>35 0.75(0.19, 2.83) 0.91 (0.25, 3.32)

Maternal Educational
No formal education 1 1
Primary school 0.51 (0.32, 0.85) 0.45 (0.27, 0.95)*
Secondary school 0.77 (0.39, 1.52) 0.41 (0.13, 1.37)
Higher 0.89 (0.25, 3.12) 0.74 (0.29, 1.60)
Currently working
No 1 1
Yes 0.94 (0.40, 2.21) 0.79 (0.37, 1.90)

Media exposure
1 1
1.32 (0.81, 2.18) 1.77 (0.86, 3.62)

Sex partners

One

Two or more 2 71 (1.61, 4.58) 2 59(1.11, 6.18)**
Ever chewed Khat

No 1 1

Yes 0.36 (0.17, 1.43) 0.27 (0.04, 1.07)

Living Residence
Urban 1 1
Rural 2.04 (1.52, 3.06) 1.52(1.12,2.93)*abl

Constant 0.26 (0.09,0.77) 0.14 (0.09, 0.23) 0.15 (0.05, 0.91) 0.08 (0.01, 0.60)

Note:
* = p-value<0.05
** = p-value<0.01; Others = never in union, divorced and/widowed.

https://doi.org/10.1371/journal.pone.0279405.t1004
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under-reporting of drinking behavior is common, making it difficult to determine the accurate
magnitude and amount of alcohol consumption during pregnancy [2,33].

The result of this study, on the other hand, was higher than those of previous studies in cen-
tral Ethiopia [34] and southern Ethiopia [16], Tanzania [14], Burkina Faso [35], and Sweden
[32]. The reason for the discrepancy might be that the majority of studies mentioned are facil-
ity-based and have small sample sizes. This could also be related to the increased drinking pat-
tern and availability of local alcoholic beverages such as “Tella”, “Areki” and “Tej” in the rural
areas and agrarian regions of Ethiopia [36]. Furthermore, the discrepancy between this finding
and those obtained outside of Ethiopia could be related to socio-demographic and cultural dif-
ferences. The current study has shown many pregnant mothers and their fetuses in Ethiopia
are suffering from the detrimental health impacts of alcohol consumption during pregnancy.
As a result, an effective maternal health promotion program aimed at preventing alcohol-
exposed pregnancy is essential, as is an understanding of why women drink during pregnancy.

The spatial analysis showed that the spatial distribution of alcohol consumption was highly
variable across the country. In Tigray, Addis Ababa, Northern Afar, and the majority of
Ambara and North Oromia regions, significant hotspot areas with high alcohol consumption
were observed. The Christian religion may be the dominant religion in these areas, where con-
suming alcoholic beverages is socially accepted [37]. In addition, these areas are more agrarian
regions where the survivors have produced local alcoholic beverages such as “Tella”, “Areki”
and “Tej” in the rural areas, and “beer” and “wine” in the urban areas from agricultural prod-
ucts [36]. This finding suggests that policymakers and programmers should boost community-
based maternal health interventions in order to improve the quality of treatment and positive
mother and newborn health outcomes in these high-alcohol-consumption areas.

This study showed that alcohol consumption during pregnancy was significantly associated
with marital status, education status, the number of sex partners/ husbands, residence, and
community media exposure. Maternal alcohol consumption was significantly associated with
unmarried, divorced and/or widowed marital status. This finding was consistent with those of
previous studies [13,19,38]. These mothers who were not married, divorced, and/or widowed
might live alone which leads to feelings of loneliness, helplessness, and perceive themselves as
disadvantaged. Individuals with feelings of loneliness and negative emotions drink alcohol to
cope with and escape from negative feelings. Maternal education level is an important contrib-
utor to alcohol use during pregnancy. The odd of alcohol consumption was lower among
mothers who attended primary school compared to those who hadn’t attended formal educa-
tion. This finding was supported by previous studies in Ethiopia [15], Nigeria [13], and the
Netherlands [39]. This could be because women’s awareness of the potentially negative effects
of alcohol on the fetus increases in tandem with their maternal education level. This forces the
mother to limit and avoid using alcohol while pregnant.

We observed a significant association between maternal alcohol use during pregnancy and hav-
ing two or more lifetime sexual partners in our study. Previous studies also support our finding
[2,40], these studies have found a strong association between maternal alcohol use and multiple
lifetime sexual partners. Unsuccessful previous sexual partner is the main reason to have more
than one sexual partner which is associated with a woman to have social and psychological impacts.
As a result, pregnant women might drink alcohol to get relief from their stress [41]. In addition, if
a woman has a partner who drinks alcohol that can have the potential to force the woman to initi-
ate and drink alcohol concordantly because different persons have different behaviors.

Fourth, the place of residence is associated with maternal alcohol use during pregnancy.
Pregnant mothers from rural areas were more likely to consume alcohol than those in urban
areas. This result is consistent with the studies done in Ethiopia [38], Uganda [19], and South
Africa [22]. This might be due to the ease with which homemade alcoholic beverages such as

PLOS ONE | https://doi.org/10.1371/journal.pone.0279405 December 21, 2022 14/18


https://doi.org/10.1371/journal.pone.0279405

PLOS ONE

Spatial distribution and determinants of alcohol consumption among pregnant women in Ethiopia

“Tella”, “Areki” and “Tej” are produced and distributed in Ethiopia’s rural rather than urban
areas. In this study, the majority of the participants were from rural areas where there is insuf-
ficient information sharing, discussion, and service delivery on the adverse effects of alcohol
use during pregnancy. And it affects a large segment of the community that could pose chal-
lenges for intervention [38,42].

Furthermore, according to the current study, pregnant women who had higher media
exposure at the community level were less likely drinks alcohol during pregnancy than those
who had lived in a community with lower media exposure. This result is consistent with earlier
findings [43,44]. This could be due to the presence of higher media exposure in the community
helps to have media campaigns on alcohol consumption and its negative health-related out-
comes [45]. Sharing information about alcohol and health with communities through mass
media (reading newsletters/magazines, listening to the radio, and/or watching television)
influences mothers to limit their alcohol consumption during pregnancy in order to maintain
good health for themselves and their fetuses. This implies that expanding mass media cam-
paigns and health education may be an effective way to increase mothers’ awareness of the
dangerous effects of alcohol use during pregnancy.

Strength and limitations of the study

The main strength of this study, it can be generalized to all women who were pregnant during
the study period since the study was based on weighted data to make it representative at
national and regional levels. Furthermore, the study used GIS and SaTScan statistical tests, and
advanced analysis models. Those are crucial to detect significant hotspot areas of alcohol con-
sumption and to get reliable standard errors and estimates. On the other hand, there are limi-
tations to this work. One of the main limitations of this work might be the recall bias because
the data collection took place preceding five years of the survey of the study. Under-reporting
of drinking behavior is common because of social desirability bias regarding drinking alcohol
which makes it difficult to determine the accurate magnitude and amount of alcohol consump-
tion during pregnancy. Secondly, questions relating to alcohol consumption in the survey
were not a standardized tool. Besides, the research could not show the cause-effect relation-
ships between factors and outcomes owing to its cross-sectional nature.

Conclusion

Alcohol consumption was prevalent among Ethiopian pregnant women. The spatial distribu-
tion of alcohol consumption was significantly varied across the country. Significant hotspot
clusters with a high prevalence of alcohol consumption were identified in the entire part of
Tigray, Addis Ababa, Northern Afar, majority parts of Amhara and North Oromia regions.
Therefore, public health interventions targeting major hot spot clusters are needed for drink-
ing cessation and to prevent poor pregnancy outcomes related to alcohol use. A Great effort of
mass media campaigns should be done to enhance awareness of women about the adverse
effect of alcohol intake during pregnancy, especially in rural areas. Again, early interventions
target women at risk such as never being in a union, being divorced, and/or widowed, and
those who have two or more lifetime sexual partners are important to achieve abstinence
through support and assistance.
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