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Abstract

Introduction

In 2016, the WHO published recommendations increasing the number of recommended

antenatal care (ANC) visits per pregnancy from four to eight. Prior to the implementation of

this policy, coverage of four ANC visits has been suboptimal in many low-income settings. In

this study we explore socio-demographic factors associated with early initiation of first ANC

contact and attending at least four ANC visits (“ANC4+”) in Malawi using the Malawi Demo-

graphic and Health Survey (MDHS) data collected between 2004 and 2016, prior to the

implementation of new recommendations.

Methods

We combined data from the 2004–5, 2010 and 2015–16 MDHS using Stata version 16. Par-

ticipants included all women surveyed between the ages of 15–49 who had given birth in the

five years preceding the survey. We conducted weighted univariate, bivariate and multivari-

able logistic regression analysis of the effects of each of the predictor variables on the binary

endpoint of the woman attending at least four ANC visits and having the first ANC atten-

dance within or before the four months of pregnancy (ANC4+). To determine whether a fac-

tor was included in the model, the likelihood ratio test was used with a statistical significance

of P< 0.05 as the threshold.

Results

We evaluated data collected in surveys in 2004/5, 2010 and 2015/6 from 26386 women who

had given birth in the five years before being surveyed. The median gestational age, in

months, at the time of presenting for the first ANC visit was 5 (inter quartile range: 4–6). The

proportion of women initiating ANC4+ increased from 21.3% in 2004–5 to 38.8% in 2015–
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16. Frommultivariate analysis, there was increasing trend in ANC4+ from women aged 20–

24 years (adjusted odds ratio (aOR) = 1.27, 95%CI:1.05–1.53, P = 0.01) to women aged

45–49 years (aOR = 1.91, 95%CI:1.18–3.09, P = 0.008) compared to those aged 15–19

years. Women from richest socio-economic position ((aOR = 1.32, 95%CI:1.12–1.58,

P<0.001) were more likely to demonstrate ANC4+ than those from low socio-economic posi-

tion. Additionally, women who had completed secondary (aOR = 1.24, 95%CI:1.02–1.51, P

= 0.03) and tertiary (aOR = 2.64, 95%CI:1.65–4.22, P<0.001) education were more likely to

report having ANC4+ than those with no formal education. Conversely increasing parity was

associated with a reduction in likelihood of ANC4+ with women who had previously deliv-

ered 2–3 (aOR = 0.74, 95%CI:0.63–0.86, P<0.001), 4–5 (aOR = 0.65, 95%CI:0.53–0.80,

P<0.001) or greater than 6 (aOR = 0.61, 95%CI: 0.47–0.79, <0.001) children being less

likely to demonstrate ANC4+.

Conclusion

The proportion of women reporting ANC4+ and of key ANC interventions in Malawi have

increased significantly since 2004. However, we found that most women did not access the

recommended number of ANC visits in Malawi, prior to the 2016WHO policy change which

may mean that women are less likely to undertake the 2016WHO recommendation of 8

contacts per pregnancy. Additionally, our results highlighted significant variation in coverage

according to key socio-demographic variables which should be considered when devising

national strategies to ensure that all women access the appropriate frequency of ANC visits

during their pregnancy.

Introduction

Following the ratification of the Millennium Development Goals in 2000, significant progress

has been made in improving maternal and perinatal health internationally, demonstrated

through a global 29% reduction in maternal deaths between 2000 and 2015 [1] and a 19%

reduction in stillbirths in the same time period [2]. However, low-income countries (LIC) con-

tinue to experience disproportionately greater rates of maternal and perinatal mortality when

compared to high income-countries (HIC) [1–4]. An estimated two-thirds of all maternal

deaths in 2015 occurred in Sub-Saharan Africa, with the region experiencing a maternal mor-

tality ratio (MMR) twice that of HIC and with latest data suggesting that geographic inequali-

ties in maternal health continue to widen [1]. International and intraregional disparities in

maternal health outcomes are, in part, attributable to the substantial variation in both coverage

and uptake of key maternity services [5]. Antenatal care (ANC), the care of a woman and her

foetus from conception until the onset of labour, is one such service in which coverage, espe-

cially within the first trimester of pregnancy, is particularly variable. Many LICs reporting

higher MMR than the global average have low ANC coverage [6].

Since its inception in 2002, many LICs have adopted the World Health Organization’s

(WHO) Focused Antenatal Care (FANC) model in which women are recommended to under-

take at least four ANC visits during their pregnancy, at around weeks 12, 26, 32 gestation and

between 36 and 38 weeks of gestation [7]. Whilst this model involves fewer visits per-preg-

nancy than models of care employed across HICs, both women’s attendance of their initial

ANC visit within the first trimester and attending at least four visits (ANC4+) remains very
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low across the region of SSA [8]. Despite low uptake of ANC services under the FANCmodel,

the WHO published recommendations in 2016, doubling the previous number of recom-

mended ANC visits, now renamed as ‘contacts’, to eight within the duration of a woman’s

pregnancy at 12, 20, 26, 30, 34, 36, 38 and 40 weeks of gestation [9]. These guidelines are sup-

ported by evidence from a number of trials which demonstrates that this model of care, more

closely resembling contact-schedules employed across HICs, may lead to a reduction in peri-

natal death and improvements in women’s perception of care-quality when compared to the

FANCmodel [10,11].

Malawi is one such country which, despite demonstrating progress in improving maternal

outcomes since 2000 [12], continues to report women attend ANC both later and at a lesser

frequency than recommended by the FANCmodel [13]. Pooled data from the Malawi Demo-

graphic and Health Surveys (MDHS) collected between 2000 and 2010 showed that only 10%

of women accessed ANC within the first trimester and 49% of women achieved ANC4+ under

the FANCmodel [13]. Ensuring both early access to ANC and ANC4+ for women in Malawi

is important, as not only does ANC lead to improved maternal [10], newborn [14] and early

childhood outcomes [15] but early initiation of ANC is positively associated with women

attending both ANC4+ and attending at eight or more ANC visits in other settings [8]. Addi-

tionally, access to ANC is associated with improved probability that women will undergo facil-

ity-based delivery with the assistance of a skilled birth attendant, a vital service in improving

maternal and perinatal health [16].

In this study we explore the social and demographic factors which are associated with

women attending fourth contacts with her first visit occurring during or prior to 4 months ges-

tation in Malawi between 2004 and 2016; we define this ‘ANC4+’. We have undertaken an

analysis of MDHS data which was collected prior to publication of the WHO’s 2016 guidelines

and adoption of these guidelines by the Malawian government. Whilst ours is not the first

study to explore determinants or timeliness of ANC attendance in Malawi [13,17–20], our

study is the first to include data collected as part of the 2015–2016 MDHS, the year prior to the

implementation of the most recent WHOANC guidelines. Our study is also the first to explore

what factors are associated with both early initiation of ANC and attendance of four or more

ANC visits through the use of a combined outcome variable. Therefore, this study is less likely

to over-estimate the true proportion of women with ANC4+ visits since mostly the women

with at least 4 ANC visits. Most women with at least four ANC visits but with first ANC visit

was after five months tended to have pregnancy complications. In additional to socio-demo-

graphic factors we also explored the services that were accessed by the women during their

ANC visits. Finally, we believe that the results of this study will provide vital insight into poten-

tial barriers for early initiation of ANC4+ visits in Malawi and other similar settings, providing

key information to guide policy makers, clinicians or programme managers working in mater-

nal and reproductive health.

Methods

Study design

We conducted a secondary analysis of the women’s questionnaire data collected from three

Malawi Demographic and Health Surveys (MDHS) administered between 2004 and 2016 [21–

23]. The Women’s Questionnaire is one of the four primary DHS survey questionnaires,

accompanying the Household, Men’s and Biomarker Questionnaires, employed within the

data collection process for the MDHS. This questionnaire is used to collect data from female

participants on topics such as maternal and child health and healthcare use, contraception and

women’s socio-economic status in the country of study. All women aged between 15–49 years
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are eligible for inclusion and any relevant participants are identified for recruitment via

administration of the national Household Questionnaire. Within this study only those respon-

dents who had given birth during in the preceding five years were included in the analysis.

Sampling procedure

The sampling frame used for the 2010 and 2015–16 MDHS is the frame of the Malawi Popula-

tion and Housing Census (MPHC) conducted in Malawi in 2008 while the sampling frame for

the 2004–5 MDHS was the 1998 MPHC provided by the Malawi National Statistical Office

(NSO) [21–23] The sampling frame is a complete list of all census standard enumeration areas

(SEAs) created for the 1998 or 2008 MPHC depending on the wave of the MDHS. A SEA is a

geographic area that covers an average of 235 households. The sampling frame contains infor-

mation about the SEA location, type of residence (urban or rural), and the estimated number

of residential households.

The MDHS samples were stratified and selected in two stages. Each district was stratified

into urban and rural areas; this yielded 56 sampling strata [21–23]. Sample of SEAs were

selected independently in each stratum in two stages. Implicit stratification and proportional

allocation were achieved at each of the lower administrative levels by sorting the sampling

frame within each sampling stratum before sample selection, according to administrative units

in different levels, and by using a probability proportional to size selection at the first stage

point sampling [21–23].

Data management

We extracted and combined data from the 2004–5, 2010 and 2015–16 MDHS. We classified

the variables as relating to external environment (rural/urban location, survey year, and region

of residence), socio-demographics (age of the woman, household wealth index, education,

marital status and number of children ever born), knowledge (frequency of listening to radio

or watching television)) and enablers (permission to visit health services, money to pay for

health services, distance to health facilities, presence of companion, and desire for pregnancy).

We also extracted the tests performed during ANC visits (blood, urine and blood pressure) as

well as the services that were received (Iron tablets for 90+ days, HIV testing and counselling,

sulfadoxine-pyrimethamine (SP)/Fansidar for malaria prophylaxis) amongst the women that

had ANC.

The primary outcome was whether or not women had four or more antenatal care visits

with a skilled service provider, namely a doctor/medical officer, clinical officer, assistant clini-

cal officer, or nurse/midwife, with the first visit occurring in or prior to the four months of

pregnancy. This was the recommended ANC schedule at the time for all the observations in

the dataset (i.e., 2004–2016). This analysis included women with their most recent birth within

two years preceding each MDHS.

Statistical analysis

We calculated counts, weighted percentages, weighted odds ratios (OR) and their associated

95% confidence intervals (95%CI). We performed data management and analysis using Stata

version 16 (Stata Corp., Texas, USA). The weighting variable from each of the MDHS was

divided by 1000000 [24]. We further calculated the equal weights for each sample cluster and

divided the average weight for each cluster by three (as data from three survey rounds being

used together), as illustrated by Friedman and Jang in 2002 [25]. We conducted weighted uni-

variate, bivariate and multivariable logistic regression analysis of the effects of each of the pre-

dictor variables on the binary endpoint of early initiation of ANC4+. Multiple weighted
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logistic regression models were used with a forward and back-ward step-wise selection

method. To determine whether a factor was included in the model, the likelihood ratio test

(LRT) was used with a statistical significance of P< 0.05 as the threshold.

Ethical considerations

The individual consent was conducted by National Statistical Office (NSO) of Malawi during

the DHS 2004/2005, 2010 and 2015/2016. We obtained permission to use this data from the

MEASURE DHS. The Malawi DHS datasets were downloaded from https://www.dhsprogram.

com/data/available-datasets.cfm. Furthermore, this study was approved by the College of Med-

icine Research Committee (COMREC) in Blantyre, Malawi (protocol #: P.10/19/2820). As this

study used secondary anonymised data, individual informed consent was not required.

Results

Characteristics of women included in this study

The characteristics of the women included in the study are shown in Table 1. A total of 26386

women were evaluated between 2004 and 2016. Of these 6012 (23%) were interviewed in 2004/

5 MDHS; 10802 (41%) were interviewed in the 2010 MDHS while 9572 (36%) were inter-

viewed in the 2015/16 MDHS. We observed variation in the proportions of women by age

group, with an increasing trend from 15 to 29 years and a decreasing trend from 25 years to 49

years (see Table 1). The median age of the respondents was 26 years (interquartile range

(IQR): 22–32). Between 2004 and 2016, the highest proportion of women had between 2 and 3

children previously (37%) while the lowest proportion of the women had six or more children

(18%). The median number of previous children was 3 (IQR: 2–5). The majority of women

had primary education while the minority had tertiary education (see Table 1). Almost 44%

(11702 of 26386) were from households of poor socio-economic level and we observed a

higher proportion of the households from poor socio-economic position.

Eighty-seven percent of the women were from rural areas while twelve percent were from

the urban areas, and more women were interviewed from rural areas (see Table 1). Although

12815 of 26386 listened to radio between 2004 and 2016, we observed a decreasing trend from

65% in 2004/5 to 30% in 2015/16. Overall, the majority of women (24136 of 26386) did not

watch a television (TV) for more than once a week but the numbers watching TV increased

from 5% in 2004/5 to 10% in 2015/16. Over the 2004 to 2016 surveys, women cited different

barriers for them to access ANC and these barriers had different trends. The major barriers

were long distance to health facilities (59% of 26386) and lack of money to use in accessing

health services (55% of 26386). Across the survey populations, the majority of the women were

married while the lowest proportion were widowed (see Table 1).

Factors associated with early antenatal care of at least four visits

Distribution of women by number of ANC visits. The distribution of women by number

of ANC visits is shown in Table 2. Of the 26386, 7449 (28%) of the women had attended early

initiation of ANC4+. We observed increasing trends in the proportion of women with early

initiation of ANC4+ from 21% in 2004/5 to 37% in 2015/16 (P<0.001). The proportion of

women with early initiation of ANC4+ decreased with increasing number of children ever

born (see Table 2). The women from richest households (35%) had the highest coverage of

early initiation of ANC4+ compared to those from the poorest households (25%). The rural

women were less likely to demonstrate early initiation of ANC4+ than the urban women (see

Table 2).
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Table 1. Characteristics of women interviewed during the Malawi Demographic and Health Surveys conducted between 2004 and 2016.

Characteristics Total 2004–5 2010 2015–16

Number % Number % Number % Number %

Total 26386 100.0 6012 100.0 10802 100.0 9572 100.0

Age group

15–19 2671 10.0 602 9.7 997 9.0 1072 11.3

20–24 8212 31.4 2081 35.4 3118 29.4 3013 31.3

25–29 6542 24.9 1486 25.0 2903 26.8 2153 22.8

30–34 4507 16.9 894 14.4 1897 17.4 1716 17.9

35–39 2889 10.9 583 9.7 1221 11.2 1085 11.3

40–44 1176 4.4 273 4.4 491 4.6 412 4.3

45–49 389 1.4 93 1.4 175 1.6 121 1.3

Region

North 4506 15.1 746 12.4 1955 15.1 1805 16.7

Centre 9204 38.3 2247 40.1 3679 38.3 3278 37.3

South 12676 46.6 3019 47.5 5168 46.6 4489 46.0

Number of children ever born

1 5787 22.2 1284 21.4 2023 19.0 2480 26.2

2–3 9621 36.7 2212 37.3 3859 36.2 3550 37.0

4–5 6274 23.6 1376 22.7 2713 24.8 2185 22.8

6+ 4704 17.5 1140 18.5 2207 20.1 1357 14.0

Education level

None 4274 16.1 1481 24.0 1711 15.9 1082 11.5

Primary 17753 67.1 3859 64.8 7517 69.0 6377 66.5

Secondary 4104 15.7 659 11.0 1507 14.4 1938 20.0

Tertiary 255 1.1 13 0.2 67 0.7 175 1.9

Wealth index quintile

Poorest 5768 21.9 1160 18.7 2439 22.3 2169 23.2

Poorer 5934 22.4 1392 23.2 2446 22.4 2096 22.0

Middle 5670 21.3 1389 23.4 2428 22.1 1853 19.1

Richer 4968 18.6 1183 19.7 2030 18.6 1755 18.0

Richest 4046 15.8 888 14.9 1459 14.6 1699 17.7

Residence

Urban 3240 12.9 655 11.2 1037 11.1 1548 16.0

Rural 23146 87.1 5357 88.8 9765 88.9 8024 84.0

Sources of antenatal care knowledge

Frequency of listening to radio

Less than once a week 13571 52.0 2146 35.4 4767 44.7 6658 70.3

At least once a week 12815 48.0 3866 64.6 6035 55.3 2914 29.7

Frequency of watching television

Less than once a week 24136 91.4 5732 95.5 9762 90.0 8642 90.6

At least once a week 2250 8.6 280 4.5 1040 10.0 930 9.4

Barriers to access antenatal care

Permission to visit health services

No problem 23076 87.2 5490 91.5 9524 87.9 8062 83.8

Big problem 3310 12.8 522 8.5 1278 12.1 1510 16.2

Money to pay for health services

No problem 11893 44.6 2157 35.4 4948 46.1 4788 48.6

Big problem 14493 55.4 3855 64.6 5854 53.9 4784 51.4

(Continued)
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Crude odds ratios of women having early antenatal care of at least four visits. The

crude odds ratios for early initiation of ANC4+ are presented in Table 3. There was increasing

trend in the odds of women demonstrating early initiation of ANC4+ from 2004 to 2016

(P<0.001). There was a decreasing trend in the odds in early initiation of ANC4+ with the

number of children ever born (Table 3). Watching TV was associated with higher likelihood of

ANC4+ (OR = 1.53, 95%CI: 1.31–1.79, P<0.001).

Adjusted odds ratios of women having early antenatal care of at least four visits. The

adjusted odds ratios for early initiation of ANC4+ are presented in Table 3. The likelihood of

women having early initiation of ANC4+ varied by age, survey year, number of children ever

born to the woman, education level and wealth index quintile. After adjusting for age, number

of children ever born to the woman, education level and wealth index quintile; there was an

increasing trend in the likelihood of having early initiation of ANC4+ by year of survey.

Women who were wealthier, and more educated, and married were more likely to have had

early initiation of ANC4+ (see Table 3). On the other hand, women with more children were

less likely to have reported early initiation of ANC4+ visits.

Services received by antenatal care women. The services accessed by women that

attended ANC in Malawi are shown in Fig 1. The proportion of women that had a blood sam-

ple taken for full blood count increased from 32% in 2004/5 to 91% in 2015/16 (Chi-Square P

<0.001). Similarly, there was increasing trend in the proportion of women with urine test

from 18% in 2004/5 to 32% in 2015/16 (P<0.001). We also observed an increasing trend in the

proportion of ANC women that were given at least two doses of Fansidar/SP for malaria pro-

phylaxis from 79% in 2004/5 to 91% in 2015/16 (P<0.001). The percentage of women that had

HIV testing at ANC increased from 0% in 2004/5 to 92% in 2010 and 88% in 2015/16. There

was an increase in the proportion of women with blood pressure measurement from 73% in

Table 1. (Continued)

Characteristics Total 2004–5 2010 2015–16

Number % Number % Number % Number %

Distance to health facilities

No problem 10910 41.4 2224 36.7 4274 40.6 4412 45.2

Big problem 15476 58.6 3788 63.3 6528 59.4 5160 54.8

Presence of companion

No problem 18762 70.6 4411 73.7 7380 67.8 6971 71.9

Big problem 7624 29.4 1601 26.3 3422 32.2 2601 28.1

No drugs at health facility

No problem 13473 49.7 6012 100.0 4253 38.5 3208 31.4

Big problem 12913 50.3 0 0.0 6549 61.5 6364 68.6

No female provider

No problem 20981 79.3 5158 86.1 8419 77.4 7404 77.2

Big problem 5405 20.7 854 13.9 2383 22.6 2168 22.8

Marital status

Never married 871 3.3 138 2.2 281 2.6 452 4.7

Married 22522 85.4 5257 87.7 9311 86.3 7954 83.1

Widowed 445 1.7 113 2.0 185 1.7 147 1.5

Divorced 2548 9.6 504 8.1 1025 9.5 1019 10.7

% = weighted percentage.

https://doi.org/10.1371/journal.pone.0263650.t001
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Table 2. Distribution of women by number of antenatal care visits in Malawi between 2004 and 2016.

Characteristics Total 2004–5 2010 2015–16

<4 ANC ANC4+ <4 ANC ANC4+ <4 ANC ANC4+ <4 ANC ANC4+

n % n % n % n % n % n % n % n %

Total 18937 71.9 7449 28.1 4755 78.7 1257 21.3 8199 76.0 2603 24.0 5983 63.2 3589 36.8

Age group

15–19 1931 72.6 740 27.4 467 76.7 135 23.3 735 74.4 262 25.6 729 68.9 343 31.1

20–24 5857 71.4 2355 28.6 1613 77.2 468 22.8 2348 75.3 770 24.7 1896 63.3 1117 36.7

25–29 4678 71.7 1864 28.3 1197 80.4 289 19.6 2182 75.0 721 25.0 1299 61.3 854 38.7

30–34 3244 72.2 1263 27.8 723 80.1 171 19.9 1472 78.0 425 22.0 1049 61.9 667 38.1

35–39 2077 71.8 812 28.2 461 77.8 122 22.2 938 76.3 283 23.7 678 63.6 407 36.4

40–44 877 74.7 299 25.3 222 82.0 51 18.0 384 79.0 107 21.0 271 65.0 141 35.0

45–49 273 71.4 116 28.6 72 78.2 21 21.8 140 82.5 35 17.5 61 50.5 60 49.5

Region

North 3180 70.7 1326 29.3 588 77.9 158 22.1 1462 75.3 493 24.7 1130 62.8 675 37.2

Centre 6541 71.5 2663 28.5 1804 80.1 443 19.9 2707 74.1 972 25.9 2030 63.0 1248 37.0

South 9216 72.6 3460 27.4 2363 77.7 656 22.3 4030 77.8 1138 22.2 2823 63.5 1666 36.5

Number of children ever born

1 3905 67.3 1882 32.7 951 73.3 333 26.7 1435 70.8 588 29.2 1519 61.6 961 38.4

2–3 6909 72.1 2712 27.9 1762 79.6 450 20.4 2937 76.2 922 23.8 2210 63.0 1340 37.0

4–5 4586 73.6 1688 26.4 1128 81.3 248 18.7 2091 77.5 622 22.5 1367 64.2 818 35.8

6+ 3537 75.0 1167 25.0 914 79.9 226 20.1 1736 78.8 471 21.2 887 65.0 470 35.0

Education level

None 3267 76.7 1007 23.3 1206 81.4 275 18.6 1337 79.0 374 21.0 724 67.1 358 32.9

Primary 12893 72.7 4860 27.3 3065 79.1 794 20.9 5767 76.7 1750 23.3 4061 64.3 2316 35.7

Secondary 2678 65.6 1426 34.4 478 71.1 181 28.9 1061 70.6 446 29.4 1139 59.8 799 40.2

Tertiary 99 39.9 156 60.1 6 32.7 7 67.3 34 50.5 33 49.5 59 36.0 116 64.0

Wealth index quintile

Poorest 4323 75.1 1445 24.9 954 82.2 206 17.8 1939 79.8 500 20.2 1430 66.5 739 33.5

Poorer 4309 72.8 1625 27.2 1111 79.1 281 20.9 1873 77.1 573 22.9 1325 63.9 771 36.1

Middle 4110 72.7 1560 27.3 1103 79.1 286 20.9 1820 75.3 608 24.7 1187 64.6 666 35.4

Richer 3563 71.7 1405 28.3 925 77.9 258 22.1 1533 75.0 497 25.0 1105 63.7 650 36.3

Richest 2632 65.4 1414 34.6 662 73.9 226 26.1 1034 70.9 425 29.1 936 55.8 763 44.2

Residence

Urban 2108 67.3 1132 32.7 491 74.8 164 25.2 751 73.2 286 26.8 866 56.6 682 43.4

Rural 16829 72.8 6317 27.2 4264 79.0 1093 21.0 7448 76.4 2317 23.6 5117 64.4 2907 35.6

Sources of antenatal care knowledge

Frequency of listening to radio

Less than once a week 9740 71.9 3831 28.1 1765 81.8 381 18.2 3692 77.8 1075 22.2 4283 64.7 2375 35.3

At least once a week 9197 71.9 3618 28.1 2990 77.0 876 23.0 4507 74.6 1528 25.4 1700 59.7 1214 40.3

Frequency of watching television

Less than once a week 17503 72.7 6633 27.3 4550 78.9 1182 21.1 7444 76.5 2318 23.5 5509 64.5 3133 35.5

At least once a week 1434 63.5 816 36.5 205 73.0 75 27.0 755 72.0 285 28.0 474 50.6 456 49.4

Barriers to access antenatal care

Permission to visit health services

No problem 16620 72.1 6456 27.9 4357 78.9 1133 21.1 7250 76.2 2274 23.8 5013 62.9 3049 37.1

Big problem 2317 70.4 993 29.6 398 76.7 124 23.3 949 74.8 329 25.2 970 64.8 540 35.2

Money to pay for health services

No problem 8303 70.2 3590 29.8 1668 76.7 489 23.3 3728 75.8 1220 24.2 2907 61.3 1881 38.7

(Continued)
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2004/5 to 82% in 2015/16. We observed increasing trend in the percentage of women that

received iron tablets from 80% to 92% (see Fig 1).

Timing of antenatal care visits. The median time of presenting for the first ANC care

was 5 months (IQR: 4–6). Over the time period, there is strong evidence of association between

timing of first ANC visit by survey year (P<0.001). The proportion of women with less than

four ANC visits varied by survey year and month of first ANC visit. In general, the proportion

of women with less than four ANC visits was the highest in 2010 while the least was observed

in 2004.

The characteristics of women with at least four ANC visits regardless of the timing of the

first ANC visit are shown in Table 4. A total of 12738 women had at least 4 ANC visits regard-

less of timing of their first visit. Of these, 9353 (74%) started ANC after the fourth month of

pregnancy. Between 2004 and 2016, we observed a decreasing trend in the proportion of

women with who attended their first ANC visit after four months from 88% in 2004/5 to 61%

in 2015/16. There was increasing trend in proportion of women with late attendance of ANC

by parity (see Table 4). However, increasing level of education was associated with increasing

trend in the proportion of women with early attendance of ANC from 21% amongst those

with no education to 52% amongst those with tertiary education.

Discussion

The primary aim of this study was to explore the social and demographic factors associated

with early initiation of ANC4+ in women in Malawi between 2004 and 2016 using MDHS data

Table 2. (Continued)

Characteristics Total 2004–5 2010 2015–16

<4 ANC ANC4+ <4 ANC ANC4+ <4 ANC ANC4+ <4 ANC ANC4+

n % n % n % n % n % n % n % n %

Big problem 10634 73.3 3859 26.7 3087 79.7 768 20.3 4471 76.2 1383 23.8 3076 64.9 1708 35.1

Distance to health facilities

No problem 7674 70.6 3236 29.4 1720 76.7 504 23.3 3258 76.4 1016 23.6 2696 61.9 1716 38.1

Big problem 11263 72.8 4213 27.2 3035 79.8 753 20.2 4941 75.8 1587 24.2 3287 64.3 1873 35.7

Presence of companion

No problem 13428 71.8 5334 28.2 3487 78.6 924 21.4 5625 76.3 1755 23.7 4316 62.9 2655 37.1

Big problem 5509 72.1 2115 27.9 1268 78.7 333 21.3 2574 75.4 848 24.6 1667 64.0 934 36.0

No drugs at health facility

No problem 9991 74.2 3482 25.8 4755 78.7 1257 21.3 3246 76.1 1007 23.9 1990 62.7 1218 37.3

Big problem 8946 69.7 3967 30.3 0 0.0 0 100.0 4953 76.0 1596 24.0 3993 63.4 2371 36.6

No female provider

No problem 15046 71.8 5935 28.2 4090 78.8 1068 21.2 6391 76.1 2028 23.9 4565 62.2 2839 37.8

Big problem 3891 72.3 1514 27.7 665 77.8 189 22.2 1808 75.8 575 24.2 1418 66.4 750 33.6

Marital status

Never married 629 73.7 242 26.3 110 80.2 28 19.8 213 74.9 68 25.1 306 71.1 146 28.9

Married 16134 71.7 6388 28.3 4146 78.4 1111 21.6 7057 75.9 2254 24.1 4931 62.4 3023 37.6

Widowed 330 74.1 115 25.9 92 80.2 21 19.8 144 78.2 41 21.8 94 64.1 53 35.9

Divorced 1844 73.1 704 26.9 407 80.6 97 19.4 785 77.4 240 22.6 652 65.4 367 34.6

<4 ANC = Less than four early antenatal care (ANC) visits.

ANC4+ = At least four ANC visits prior to six months of first ANC visit.

% = weighted percentage.

https://doi.org/10.1371/journal.pone.0263650.t002
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Table 3. Bivariate and multivariate odds ratios for factors associated with attending at least four or more antenatal care visits prior to prior to six months of first
antenatal care visit in Malawi, 2004–2016.

Characteristics (n = 26386) Bivariate analysis Multivariate analysis

OR (95%CI) P-value OR (95%CI) P-value

Age group

15–19 1.00 1.00

20–24 1.06 (0.90–1.26) 0.49 1.27 (1.05–1.53) 0.01

25–29 1.05 (0.88–1.25)0.59 0.22 1.44 (1.15–1.81) 0.002

30–34 1.02 (0.85–1.23) 0.82 1.49 (1.15–1.93) 0.003

35–39 1.04 (0.85–1.28) 0.69 1.64 (1.22–2.20) 0.001

40–44 0.90 (0.68–1.18) 0.44 1.51 (1.05–2.16) 0.02

45–49 1.06 (0.70–1.61) 0.77 1.91 (1.18–3.09) 0.008

Year

2004/5 1.00 1.00

2010 1.16 (1.02–1.33) 0.025 1.15 (1.01–1.32) 0.04

2015/16 2.15 (1.89–2.45) <0.001 2.03 (1.78–2.32) <0.001

Region

North 1.00

Centre 0.96 (0.84–1.11) 0.56

South 0.91 (0.79–1.04) 0.18

Number of children ever born

1 1.00 1.00

2–3 0.80 (0.71–0.90) <0.001 0.74 (0.63–0.86) <0.001

4–5 0.74 (0.65–0.85) <0.001 0.65 (0.53–0.80) <0.001

6+ 0.69 (0.59–0.80) <0.001 0.61 (0.47–0.79) <0.001

Education level

None 1.00 1.00

Primary 1.23 (1.08–1.41) 0.003 1.10 (0.95–1.28) 0.19

Secondary 1.72 (1.46–2.03) <0.000 1.24 (1.02–1.51) 0.032

Tertiary 4.95 (3.20–7.66) <0.001 2.64 (1.65–4.22) <0.001

Wealth index quintile

Poorest 1.00 1.00

Poorer 1.12 (0.97–1.30) 0.11 1.14 (0.98–1.31) 0.09

Middle 1.13 (0.98–1.31) 0.10 1.15 (1.00–1.34) 0.06

Richer 1.19 (1.02–1.38) 0.023 1.16 (0.99–1.35) 0.06

Richest 1.60 (1.37–1.86) <0.001 1.32 (1.12–1.58) <0.001

Residence

Urban 1.00

Rural 0.72 (0.63–0.83) <0.001

Sources of antenatal care knowledge

Frequency of listening to radio

Less than once a week 1.00

At least once a week 1.00 (0.91–1.10) 1.00

Frequency of watching television

Less than once a week 1.00

At least once a week 1.53 (1.31–1.79) <0.001

Barriers to access antenatal care

Permission to visit health services

No problem 1.00

(Continued)
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from three nationally representative surveys. Most studies exploring the factors associated

with ANC uptake have not taken into account the month of the first ANC visit in calculating

the distributions of women with ANC4+ visits. To our knowledge, this is the first study in

Malawi that has analysed the likelihood of a pregnant woman having early initiation of ANC4

+ visits. Whilst attendance of ANC4+ has often been a focus of ANC service use research in

SSA, both early attendance for the first ANC visit and undertaking the recommended number

of visits per-pregnancy are important for pregnancy outcomes. Early initiation of ANC allows

healthcare workers to improve both maternal and perinatal outcomes by undertaking screen-

ing and tests that are more efficacious in early pregnancy, including accurate gestational dating

or screening for maternal anaemia [9]. Identification of these complications early allows for

the appropriate management for the length of pregnancy to improve outcomes. It is equally

important that women also undertake visits for the length of their pregnancy, not only so indi-

cated screening and treatment can continue, but to prepare women for birth and potential

complications of delivery, which can lead to increased likelihood of women seeking facility

delivery [26].

The results of this study provide vital insight into how coverage of ANC4+ changed during

this time period and may highlight potential barriers that could be faced whilst rolling-out the

updated WHO eight ‘contact’ ANC model, through identification of which women are at risk

of attending ANC too late and at an insufficient frequency. However, it should be noted that

whilst early initiation of ANC is significantly associated with attendance of ANC4+ and ANC8

Table 3. (Continued)

Characteristics (n = 26386) Bivariate analysis Multivariate analysis

OR (95%CI) P-value OR (95%CI) P-value

Big problem 1.09 (0.95–1.25) 0.23

Money to pay for health services

No problem 1.00

Big problem 0.86 (0.78–0.94) 0.001

Distance to health facilities

No problem 1.00

Big problem 0.90 (0.82–0.99) 0.028

Presence of companion

No problem 1.00

Big problem 0.99 (0.89–1.09) 0.80

No drugs at health facility

No problem 1.00

Big problem 1.25 (1.14–1.37) <0.001

No female provider

No problem 1.00

Big problem 0.98 (0.87–1.09) 0.67

Marital status

Never married 1.00

Married 1.11 (0.85–1.45) 0.45

Widowed 0.98 (0.62–1.55) 0.94

Divorced 1.03 (0.76–1.40) 0.85

OR = weighted odds ratios of attending at least four antenatal care (ANC) visits prior to six months of first ANC visit.

95%CI = 95% Confidence Interval.

https://doi.org/10.1371/journal.pone.0263650.t003
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+ in other LMIC settings [8], other socio-demographic determinants of ANC8+ in Malawi

may not be consistent with those found in this study due to increased time commitment and

possible associated costs of attending an increased number of visits. Additionally, the focus of

this study is limited to individual-level socio-demographic factors and their influence on early

initiation of ANC4+. As we outline below, we are unable to fully explore the effect of other key

determinants of health care seeking such as quality of care on ANC attendance as this is not

suitably captured within the datasets we used for our analysis.

Significant predictors of early initiation of ANC4+ attendance, determined through our

analysis and discussed below, included maternal factors (number of children ever born, age,

marital status) and socio-economic factors (wealth quintile and education status). The positive

relationship between higher wealth and education status and increased likelihood of early initi-

ation of ANC4+ highlight considerable inequalities present in ANC attendance in the popula-

tion. Our results demonstrate that women are significantly more likely to have initiated ANC4

+ early in 2015 than in 2004 (21% of women in 2004 vs 37% of women in 2015). Similarly,

women who received care were more likely to receive key interventions during their ANC as

we found substantial increases in the coverage of essential interventions between 2004 and

2016 including undertaking full blood counts, performing urine dipsticks to detect bacteremia

and/or pre-eclampsia, malaria prophylaxis and HIV testing suggesting an overall improvement

in quality of ANC services. Whilst this is promising, only 37% of women surveyed in 2015 had

initiated ANC4+ early. With the sub-optimal number of women attending the ANC4+, the

implementation of the at least eight ANC visits in settings like Malawi may not be feasible as

echoed by authors of studies analyzing coverage of ANC in other LIC settings [8].

Fig 1. Services received by women that attended antenatal care in Malawi between 2004 and 2016. SP = Sulfadoxine-Pyrimethamine, % =
weighted percentage.

https://doi.org/10.1371/journal.pone.0263650.g001
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Table 4. Distribution of women with at least four antenatal care visits by the socio-demographic characteristics of
the women in Malawi between 2004 and 2016.

Characteristics ANC attendance for women with ANC4+

Early Late

n % n %

Total 3385 26.0 9353 74.0

Age group

15–19 327 26.4 888 73.6

20–24 1046 26.5 2867 73.5

25–29 870 25.9 2371 74.1

30–34 581 26.4 1604 73.6

35–39 373 25.5 1035 74.5

40–44 133 22.8 444 77.2

45–49 55 26.2 144 73.8

Year

2004/5 405 12.1 2957 87.9

2010 1081 22.5 3507 77.5

2015/16 1899 39.1 2889 60.9

Region

North 674 30.2 1523 69.8

Centre 1158 25.0 3396 75.0

South 1553 25.5 4434 74.5

Number of children ever born

1 834 27.5 2151 72.5

2–3 1255 26.9 3297 73.1

4–5 771 25.3 2233 74.7

6+ 525 23.1 1672 76.9

Education level

None 417 21.3 1541 78.7

Primary 2224 25.9 6177 74.1

Secondary 645 28.1 1545 71.9

Tertiary 99 52.0 90 48.0

Wealth index quintile

Poorest 691 27.7 1807 72.3

Poorer 678 23.9 2139 76.1

Middle 708 25.1 1988 74.9

Richer 637 25.8 1803 74.2

Richest 671 28.0 1616 72.0

Residence

Urban 527 28.0 1268 72.0

Rural 2858 25.7 8085 74.3

Sources of antenatal care knowledge

Frequency of listening to radio

Less than once a week 1805 28.1 4486 71.9

At least once a week 1580 24.0 4867 76.0

Frequency of watching television

Less than once a week 2982 25.5 8515 74.5

At least once a week 403 30.8 838 69.2

Barriers to access antenatal care

(Continued)
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We have reported a number of key determinants of early initiation of ANC4+ in this study.

Increasing number of children ever born was associated with a reduced likelihood of ANC4+,

with those women who have delivered more than 5 children being the least likely to undergo

early initiation of ANC4+ visits. These findings are largely consistent with literature both in

Malawi [13] and across SSA [27] and other LIC with high MMR [13]. It is plausible that

women who have given birth and accessed these services before, possibly multiple times, are

less likely to seek care as they feel that they are equipped with sufficient knowledge to proceed

without formal maternity care. Additionally, the quality of maternity care women receive in

Malawi remains variable, with some women reporting extensive stock outs and reception of

treatment that lacked dignity or respect [28]. Although we infer quality of ANC service, we did

not have data on quality of ANC services as such data were not collected by the MDHS.

Women who have experienced poor quality may be less likely to seek care again, something

that may happen with increasing frequency as number of children ever born increases. The

relationship between increasing number of children ever born and reduced access to services

is not unique to ANC but is present across other essential maternal and child health services

both in Malawi and a number of countries with higher fertility rates [28]. The link between

higher order births and increased risk of maternal and perinatal mortality is well described in

the literature and it is possible that the inverse relationship between number of children ever

born and service-use may be a contributing factor in this phenomenon [29].

Table 4. (Continued)

Characteristics ANC attendance for women with ANC4+

Early Late

n % n %

Permission to visit health services

No problem 2934 25.6 8247 74.4

Big problem 451 29.0 1106 71.0

Money to pay for health services

No problem 1716 28.4 4158 71.6

Big problem 1669 24.1 5195 75.9

Distance to health facilities

No problem 1530 27.1 3914 72.9

Big problem 1855 25.2 5439 74.8

Presence of companion

No problem 2454 26.0 6720 74.0

Big problem 931 26.0 2633 74.0

No drugs at health facility

No problem 1532 21.9 5277 78.1

Big problem 1853 30.5 4076 69.5

No female provider

No problem 2717 25.9 7556 74.1

Big problem 668 26.5 1797 73.5

Marital status

Never married 102 25.8 274 74.2

Married 2903 25.8 8079 74.2

Widowed 46 22.2 170 77.8

Divorced 334 28.5 830 71.5

% = weighted percentage.

https://doi.org/10.1371/journal.pone.0263650.t004
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Interestingly, whilst increasing number of children ever born was found to be associated

with a reduced likelihood of early initiation of ANC4+, the opposite appears true regarding

age, as women aged between 45 and 49 in our study population were nearly twice as likely to

attend ANC4+ earlier than the youngest mothers after adjusting for number of children ever

born and other factors. Whilst this association has been supported by findings from a number

of studies exploring coverage of ANC, it has not been universally reported in the literature

[27]. Older age does seem to affect care-seeking for other maternity services with older nullipa-

rous women more likely to access facility delivery than their younger counterparts in a number

of SSA regions [30].

Factors pertaining to a woman’s socio-economic status, namely wealth quintile and level of

education were found to be associated with early initiation of ANC4+ in this study. Women in

the highest wealth quintile and those who had undertaken tertiary education were more likely

to have initiated ANC early than their counterparts. The associations between both education

and wealth level and maternal care seeking are similarly well documented in SSA and is not

limited to access to ANC [13,27,31]. Despite women from lower wealth quintiles being least

likely demonstrate early initiation of ANC4+ services provided through both public and Chris-

tian mission (CHAM) facilities in Malawi have been exempt from user-fees, and therefore free

at the point of use, since 2004. This suggests that out-of-pocket payments provided to health-

care workers when accessing services is unlikely to explain the relationship between wealth

level and the primary outcome. This relationship however could be explained by other costs

associated with accessing services such as transportation. Initial exemption of user-fees follow-

ing the initialization of service-level agreement between the Malawian Ministry of Health and

CHAM facilities lead to increased utilization of maternity services in CHAM facilities [32].

However, in Tanzania cost was found to be a barrier for accessing ANC services [33].

Our study does have several limitations. Whilst the combined outcome variable capturing

early attendance and complete attendance of the FANC model may be useful in determining

who is more likely to engage successfully with ANC services, we were unable to assess the qual-

ity of these visits which may have impacted on a woman’s propensity to seek further care.

Additionally, the results for any variable captured in the MDHS survey at the time of adminis-

tration may differ from the result at the time of last pregnancy and birth (i.e., changes in wealth

or education over time). Similarly, time lag between administration and last birth may make

survey responses vulnerable to recall bias and, as with all survey data, data captured in the

MDHS is self-reported and subject to reporting bias, such as social desirability bias. We also

recognize that the important factors which might influence ANC such as hypertension, diabe-

tes and previous HIV status prior to the current pregnancy were not captured in the MDHS

hence these were not included in this analysis. Finally, although HIV status being captured in

the MDHS, there is no information on the timing of the HIV status to the pregnancy.

Conclusion

In conclusion, whilst coverage of early initiation of ANC4+ and key ANC interventions in

Malawi have increased significantly since 2004, there remains inequality in determinants of

access to early initiation of ANC4+. Key socio-economic factors (education and and wealth)

continue to impact women’s likelihood of accessing these vital services and in 2016, just over a

third of women surveyed were undertaking the recommended number of visits under the

FANCmodel with the first ANC visit initiated early. Ensuring that all women are able to

engage with ANC services at the appropriate point in their pregnancy and at the correct fre-

quency will require consideration of the impact of inequality on how women engage with

ANC services.

PLOS ONE Early antenatal care visits in Malawi

PLOSONE | https://doi.org/10.1371/journal.pone.0263650 February 8, 2022 15 / 18

https://doi.org/10.1371/journal.pone.0263650


Supporting information

S1 File.

(ZIP)

Author Contributions

Conceptualization:Wingston Felix Ng’ambi, Joseph H. Collins, Tim Colbourn, Andrew Phil-

lips, Timothy B. Hallett.

Data curation:Wingston Felix Ng’ambi.

Formal analysis:Wingston Felix Ng’ambi.

Methodology:Wingston Felix Ng’ambi, Tim Colbourn, Tara Mangal, Andrew Phillips, Timo-

thy B. Hallett.

Project administration: Joseph Mfutso-Bengo, Paul Revill.

Software:Wingston Felix Ng’ambi.

Validation:Wingston Felix Ng’ambi, Andrew Phillips, Timothy B. Hallett.

Visualization:Wingston Felix Ng’ambi, Timothy B. Hallett.

Writing – original draft:Wingston Felix Ng’ambi, Joseph H. Collins.

Writing – review & editing:Wingston Felix Ng’ambi, Joseph H. Collins, Tim Colbourn, Tara

Mangal, Andrew Phillips, Fannie Kachale, Joseph Mfutso-Bengo, Paul Revill, Timothy B.

Hallett.

References
1. Kassebaum N, Barber R, Bhutta Z, Dandona L, Gething P, Hay S et al. Global, regional, and national

levels of maternal mortality, 1990–2015: a systematic analysis for the Global Burden of Disease Study
2015. The Lancet. 2016; 388(10053):1775–1812.

2. Blencowe H, Cousens S, Jassir F, Say L, Chou D, Mathers C et al. National, regional, and worldwide
estimates of stillbirth rates in 2015, with trends from 2000: a systematic analysis. The Lancet Global
Health. 2016; 4(2):e98–e108. https://doi.org/10.1016/S2214-109X(15)00275-2 PMID: 26795602

3. HoganM, Foreman K, Naghavi M, Ahn S, Wang M, Makela S et al. Maternal mortality for 181 countries,
1980–2008: a systematic analysis of progress towardsMillennium Development Goal 5. The Lancet.
2010; 375(9726):1609–1623. https://doi.org/10.1016/S0140-6736(10)60518-1 PMID: 20382417

4. TheWorld Bank. Trends in maternal mortality 2000 to 2017: Estimates byWHO, UNICEF, UNFPA,
World Bank Group and the United Nations Population Division [Internet]. Documents.worldbank.org.
2019 [cited 17 June 2020]. Available from: http://documents.worldbank.org/curated/en/
793971568908763231/Trends-in-maternal-mortality-2000-to-2017-Estimates-by-WHO-UNICEF-
UNFPA-World-Bank-Group-and-the-United-Nations-Population-Division.

5. Yaya S, Bishwajit G, Shah V. Wealth, education and urban–rural inequality and maternal healthcare
service usage in Malawi. BMJ Global Health. 2016; 1(2):e000085. https://doi.org/10.1136/bmjgh-2016-
000085 PMID: 28588940

6. Moller A, Petzold M, Chou D, Say L. Early antenatal care visit: a systematic analysis of regional and
global levels and trends of coverage from 1990 to 2013. The Lancet Global Health. 2017; 5(10):e977–
e983. https://doi.org/10.1016/S2214-109X(17)30325-X PMID: 28911763

7. WHOAntenatal Care Randomized Trial: Manual for the Implementation of the NewModel [Internet].
Apps.who.int. 2002 [cited 17 June 2020]. Available from: https://apps.who.int/iris/bitstream/handle/
10665/42513/WHO_RHR_01.30.pdf.

8. Jiwani S, Amouzou-Aguirre A, Carvajal L, Chou D, Keita Y, Moran A et al. Timing and number of ante-
natal care contacts in low and middle-income countries: Analysis in the Countdown to 2030 priority
countries. Journal of Global Health. 2020;10(1). https://doi.org/10.7189/jogh.10.010502 PMID:
32257157

PLOS ONE Early antenatal care visits in Malawi

PLOSONE | https://doi.org/10.1371/journal.pone.0263650 February 8, 2022 16 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263650.s001
https://doi.org/10.1016/S2214-109X%2815%2900275-2
http://www.ncbi.nlm.nih.gov/pubmed/26795602
https://doi.org/10.1016/S0140-6736%2810%2960518-1
http://www.ncbi.nlm.nih.gov/pubmed/20382417
http://documents.worldbank.org/curated/en/793971568908763231/Trends-in-maternal-mortality-2000-to-2017-Estimates-by-WHO-UNICEF-UNFPA-World-Bank-Group-and-the-United-Nations-Population-Division
http://documents.worldbank.org/curated/en/793971568908763231/Trends-in-maternal-mortality-2000-to-2017-Estimates-by-WHO-UNICEF-UNFPA-World-Bank-Group-and-the-United-Nations-Population-Division
http://documents.worldbank.org/curated/en/793971568908763231/Trends-in-maternal-mortality-2000-to-2017-Estimates-by-WHO-UNICEF-UNFPA-World-Bank-Group-and-the-United-Nations-Population-Division
https://doi.org/10.1136/bmjgh-2016-000085
https://doi.org/10.1136/bmjgh-2016-000085
http://www.ncbi.nlm.nih.gov/pubmed/28588940
https://doi.org/10.1016/S2214-109X%2817%2930325-X
http://www.ncbi.nlm.nih.gov/pubmed/28911763
https://apps.who.int/iris/bitstream/handle/10665/42513/WHO_RHR_01.30.pdf
https://apps.who.int/iris/bitstream/handle/10665/42513/WHO_RHR_01.30.pdf
https://doi.org/10.7189/jogh.10.010502
http://www.ncbi.nlm.nih.gov/pubmed/32257157
https://doi.org/10.1371/journal.pone.0263650


9. WHO recommendations on antenatal care for a positive pregnancy experience [Internet]. Apps.who.int.
2016 [cited 17 June 2020]. Available from: https://apps.who.int/iris/bitstream/handle/10665/250796/
9789241549912-eng.pdf?sequence=1.

10. WHO recommendations on antenatal care for a positive pregnancy experience: evidence base [Inter-
net]. Apps.who.int. 2016 [cited 17 June 2020]. Available from: https://apps.who.int/iris/bitstream/
handle/10665/250796/9789241549912-websupplement-eng.pdf?sequence=8.

11. Vogel J, Habib N, Souza J, Gülmezoglu A, Dowswell T, Carroli G et al. Antenatal care packages with
reduced visits and perinatal mortality: a secondary analysis of theWHOAntenatal Care Trial. Repro-
ductive Health. 2013; 10(1). https://doi.org/10.1186/1742-4755-10-19 PMID: 23577700

12. Colbourn T, Lewycka S, Nambiar B, Anwar I, Phoya A, Mhango C. Maternal mortality in Malawi, 1977–
2012. BMJ Open. 2013; 3(12):e004150. https://doi.org/10.1136/bmjopen-2013-004150 PMID:
24353257

13. Kuuire V, Kangmennaang J, Atuoye K, Antabe R, Boamah S, Vercillo S et al. Timing and utilisation of
antenatal care service in Nigeria and Malawi. Global Public Health. 2017; 12(6):711–727. https://doi.
org/10.1080/17441692.2017.1316413 PMID: 28441926

14. Tekelab T, Chojenta C, Smith R, Loxton D. The impact of antenatal care on neonatal mortality in sub-
Saharan Africa: A systematic review and meta-analysis. PLOSONE. 2019; 14(9):e0222566. https://doi.
org/10.1371/journal.pone.0222566 PMID: 31518365

15. Kuhnt J, Vollmer S. Antenatal care services and its implications for vital and health outcomes of chil-
dren: Evidence from 193 surveys in 69 low-income and middle-income countries. BMJ Open. 2017 Nov
1; 7(11). https://doi.org/10.1136/bmjopen-2017-017122 PMID: 29146636

16. Adjiwanou V, LeGrand T. Does antenatal carematter in the use of skilled birth attendance in rural Africa:
A multi-country analysis. Soc Sci Med. 2013 Jun 1; 86:26–34. https://doi.org/10.1016/j.socscimed.
2013.02.047 PMID: 23608091

17. Rai RK, Singh PK, Kumar C, Singh L. Factors AssociatedWith the Utilization of Maternal Health Care
Services Among Adolescent Women in Malawi. Home Health Care Serv Q [Internet]. 2013 Apr [cited
2020 Jun 10]; 32(2):106–25. Available from: http://www.tandfonline.com/doi/abs/10.1080/01621424.
2013.779354. https://doi.org/10.1080/01621424.2013.779354 PMID: 23679661

18. Creanga AA, Gullo S, Kuhlmann AKS, Msiska TW, Galavotti C. Is quality of care a key predictor of peri-
natal health care utilization and patient satisfaction in Malawi? BMC Pregnancy Childbirth. 2017May
22; 17(1). https://doi.org/10.1186/s12884-017-1331-7 PMID: 28532462

19. McHenga M, Burger R, Von Fintel D. Examining the impact of WHO’s Focused Antenatal Care policy
on early access, underutilisation and quality of antenatal care services in Malawi: A retrospective study.
BMCHealth Serv Res. 2019 May 8; 19(1). https://doi.org/10.1186/s12913-019-4130-1 PMID:
31068183

20. Mamba KC, Muula AS, StonesW. Facility-imposed barriers to early utilization of focused antenatal care
services in Mangochi District, Malawi—amixed methods assessment. BMC Pregnancy Childbirth
[Internet]. 2017 Dec 29 [cited 2020 May 29]; 17(1):444. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/29284439. https://doi.org/10.1186/s12884-017-1631-y PMID: 29284439

21. “National Statistical Office (NSO) [Malawi], and ORCMacro. 2005. Malawi Demographic and Health
Survey 2004. Calverton, Maryland: NSO and ORCMacro”.

22. “National Statistical Office (NSO) and ICFMacro. 2011. Malawi Demographic and Health Survey 2010.
Zomba, Malawi, and Calverton, Maryland, USA: NSO and ICFMacro”.

23. “National Statistical Office (NSO) [Malawi] and ICF. 2017. Malawi Demographic and Health Survey
2015–16. Zomba, Malawi, and Rockville, Maryland, USA. NSO and ICF”.

24. Croft Trevor N., Marshall AileenM. J., Allen Courtney K., et al. 2018. Guide to DHS Statistics. Rockville,
Maryland, USA: ICF. Availible from: https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_
Statistics_DHS-7_v2.pdf.

25. Friedman EM, Jang D. &Williams TV. (2002) Combined estimates from four quarterly survey data sets.
Proceedings of the American Statistical Association Joint Statistical Meetings—Section on Survey
Research Methods, pp.1064–1069. Alexandria, VA: American Statistical Association.

26. Tura G, Afework MF, Yalew AW. The effect of birth preparedness and complication readiness on skilled
care use: A prospective follow-up study in Southwest Ethiopia. Reprod Health [Internet]. 2014 Aug 5
[cited 2020 Jul 14]; 11(1):60. Available from: https://reproductive-health-journal.biomedcentral.com/
articles/10.1186/1742-4755-11-60. https://doi.org/10.1186/1742-4755-11-60 PMID: 25091203

27. Okedo-Alex IN, Akamike IC, Ezeanosike OB, Uneke CJ. Determinants of antenatal care utilisation in
sub-Saharan Africa: A systematic review. BMJ Open. 2019 Oct 1; 9(10):e031890. https://doi.org/10.
1136/bmjopen-2019-031890 PMID: 31594900

PLOS ONE Early antenatal care visits in Malawi

PLOSONE | https://doi.org/10.1371/journal.pone.0263650 February 8, 2022 17 / 18

https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-websupplement-eng.pdf?sequence=8
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-websupplement-eng.pdf?sequence=8
https://doi.org/10.1186/1742-4755-10-19
http://www.ncbi.nlm.nih.gov/pubmed/23577700
https://doi.org/10.1136/bmjopen-2013-004150
http://www.ncbi.nlm.nih.gov/pubmed/24353257
https://doi.org/10.1080/17441692.2017.1316413
https://doi.org/10.1080/17441692.2017.1316413
http://www.ncbi.nlm.nih.gov/pubmed/28441926
https://doi.org/10.1371/journal.pone.0222566
https://doi.org/10.1371/journal.pone.0222566
http://www.ncbi.nlm.nih.gov/pubmed/31518365
https://doi.org/10.1136/bmjopen-2017-017122
http://www.ncbi.nlm.nih.gov/pubmed/29146636
https://doi.org/10.1016/j.socscimed.2013.02.047
https://doi.org/10.1016/j.socscimed.2013.02.047
http://www.ncbi.nlm.nih.gov/pubmed/23608091
http://www.tandfonline.com/doi/abs/10.1080/01621424.2013.779354
http://www.tandfonline.com/doi/abs/10.1080/01621424.2013.779354
https://doi.org/10.1080/01621424.2013.779354
http://www.ncbi.nlm.nih.gov/pubmed/23679661
https://doi.org/10.1186/s12884-017-1331-7
http://www.ncbi.nlm.nih.gov/pubmed/28532462
https://doi.org/10.1186/s12913-019-4130-1
http://www.ncbi.nlm.nih.gov/pubmed/31068183
http://www.ncbi.nlm.nih.gov/pubmed/29284439
http://www.ncbi.nlm.nih.gov/pubmed/29284439
https://doi.org/10.1186/s12884-017-1631-y
http://www.ncbi.nlm.nih.gov/pubmed/29284439
https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7_v2.pdf
https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7_v2.pdf
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/1742-4755-11-60
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/1742-4755-11-60
https://doi.org/10.1186/1742-4755-11-60
http://www.ncbi.nlm.nih.gov/pubmed/25091203
https://doi.org/10.1136/bmjopen-2019-031890
https://doi.org/10.1136/bmjopen-2019-031890
http://www.ncbi.nlm.nih.gov/pubmed/31594900
https://doi.org/10.1371/journal.pone.0263650


28. Machira K, Palamuleni M. Women’s perspectives on quality of maternal health care services in Malawi.
Int J Womens Health. 2018; 10:25–34. https://doi.org/10.2147/IJWH.S144426 PMID: 29386917

29. Sonneveldt E, Decormier PloskyW, Stover J. Linking high parity and maternal and child mortality: What
is the impact of lower health services coverage among higher order births? [Internet]. Vol. 13, BMC
Public Health. BioMed Central; 2013 [cited 2020 Jun 10]. p. S7. Available from: http://bmcpublichealth.
biomedcentral.com/articles/10.1186/1471-2458-13-S3-S7. https://doi.org/10.1186/1471-2458-13-S3-
S7 PMID: 24564721

30. Dunlop CL, Benova L, Campbell O. Effect of maternal age on facility-based delivery: analysis of first-
order births in 34 countries of sub-Saharan Africa using demographic and health survey data. BMJ
Open [Internet]. 2018 [cited 2020 Jun 11]; 8:20231. Available from: http://bmjopen.bmj.com/ https://doi.
org/10.1136/bmjopen-2017-020231 PMID: 29654024

31. Yaya S, Bishwajit G, Shah V. Wealth, education and urban-rural inequality and maternal healthcare ser-
vice usage in Malawi. BMJ Glob Heal. 2016; 1(2). https://doi.org/10.1136/bmjgh-2016-000085 PMID:
28588940

32. Manthalu G. User fee exemption and maternal health care utilisation at mission health facilities in
Malawi: An application of disequilibrium theory of demand and supply. Health Econ [Internet]. 2019 Apr
21 [cited 2020 Jun 11]; 28(4):461–74. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1002/
hec.3856. https://doi.org/10.1002/hec.3856 PMID: 30666749

33. Rwabilimbo A.G., Ahmed K.Y., Page A. et al. Trends and factors associated with the utilisation of ante-
natal care services during the MillenniumDevelopment Goals era in Tanzania. Trop Med Health 48, 38
(2020). https://doi.org/10.1186/s41182-020-00226-7. https://doi.org/10.1186/s41182-020-00226-7
PMID: 32518496

PLOS ONE Early antenatal care visits in Malawi

PLOSONE | https://doi.org/10.1371/journal.pone.0263650 February 8, 2022 18 / 18

https://doi.org/10.2147/IJWH.S144426
http://www.ncbi.nlm.nih.gov/pubmed/29386917
http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-S3-S7
http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-S3-S7
https://doi.org/10.1186/1471-2458-13-S3-S7
https://doi.org/10.1186/1471-2458-13-S3-S7
http://www.ncbi.nlm.nih.gov/pubmed/24564721
http://bmjopen.bmj.com/
https://doi.org/10.1136/bmjopen-2017-020231
https://doi.org/10.1136/bmjopen-2017-020231
http://www.ncbi.nlm.nih.gov/pubmed/29654024
https://doi.org/10.1136/bmjgh-2016-000085
http://www.ncbi.nlm.nih.gov/pubmed/28588940
https://onlinelibrary.wiley.com/doi/abs/10.1002/hec.3856
https://onlinelibrary.wiley.com/doi/abs/10.1002/hec.3856
https://doi.org/10.1002/hec.3856
http://www.ncbi.nlm.nih.gov/pubmed/30666749
https://doi.org/10.1186/s41182-020-00226-7
https://doi.org/10.1186/s41182-020-00226-7
http://www.ncbi.nlm.nih.gov/pubmed/32518496
https://doi.org/10.1371/journal.pone.0263650

