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Abstract  35 

Despite growing literature on the impact of Covid-19 on antenatal care (ANC) and 36 
maternal/neonatal and child health outcomes globally, substantial knowledge gaps remain about the 37 

population-level impact in sub-Saharan Africa (SSA). Existing evidence on ANC impact of Covid-38 
19 in SSA is largely based on health-facility or small-scale qualitative research which are limited in 39 
providing population-level understanding. This paper examines the extent to which Covid-19 40 
impacted ANC service utilization and identifies what population sub-groups were most adversely 41 
impacted. It is based on secondary analysis of Madagascar Demographic and Health Survey (DHS), 42 

the first DHS in SSA released following the Covid-19 pandemic. Multilevel logistic regression 43 
analysis was used to estimate the net effect of Covid-19 on ANC and identify the most at-risk 44 
population sub-groups. The findings show that all ANC measures considered (no ANC, early ANC, 45 
adequate ANC visits) were significantly affected by Covid-19 (p<0.05). On average, Covid-19 was 46 
associated with 42% increase in odds of having no ANC, 22% reduction in odds of starting early 47 

ANC during first trimester, and 22% reduction in odds of receiving adequate ANC (at least 4 visits, 48 

starting during first trimester).  Births to older mothers and to mothers with no education were 49 
disproportionately affected during Covid-19. Although youth aged 15-24 had poorer ANC 50 

compared to older women before the pandemic, the pattern was reversed during the pandemic. 51 
Also, the protective effect of education was stronger during than before the pandemic. These 52 
findings underscore the importance of Covid-19 impact mitigation strategies targeting the most at-53 

risk groups (e.g older mothers). Furthermore, essential information/education during pandemics 54 
should be in formats accessible to non-literate women. This paper advances understanding of 55 
population-level impact of Covid-19 on ANC and emphasizes the need for further research to better 56 

understand the population-level impact of Covid-19 across countries of SSA.  57 

 58 

Key words: antenatal care; Covid-19 impact; multilevel determinants. 59 



3 
 

 60 

Impact of Covid-19 on Antenatal Care: Evidence from Madagascar Demographic and Health 61 

Survey 62 

Introduction  63 

The profound global impact of Covid-19 pandemic on healthcare systems is widely recognised, 64 

with worrying increases in adverse maternal, neonatal and child health (MNCH) outcomes 65 

(Chmielewska et al 2021; Pillay et al, 2021; Townsend et al, 2022). Notwithstanding the direct 66 

impact due to pregnant women with symptomatic Covid-19 experiencing more severe outcomes 67 

than non-pregnant counterparts (Kotlar et al, 2021), the indirect impact is likely to be substantial. 68 

The disruption and diversion of resources toward fighting the pandemic and away from essential 69 

MNCH care led to poor MNCH outcomes, including increased maternal and child morbidity and 70 

mortality (McGinn 2000; Hall et al, 2020; Pfitzer et al 2020). It was estimated that a 10% decline in 71 

the use of essential MNCH care due to Covid-19 would result in 1.7 million additional women and 72 

2.6 million additional newborns experiencing major complications as a direct result of health care 73 

disruptions (Riley et al 2020), resulting in hundreds of thousands of additional child and maternal 74 

deaths (Roberton et al, 2020). The impact of the pandemic is believed to have been particularly 75 

devastating in low- and middle-income countries (LMICs), especially sub-Saharan Africa (SSA), 76 

where additional strains on healthcare systems that were already overburdened and under-resourced 77 

even in normal times particularly exposed the vulnerabilities of high-risk population groups 78 

(Ameyaw et al, 2021), especially pregnant women and children. Within the continuum of MNCH 79 

care, antenatal care (ANC) provides a platform for important healthcare functions, including health 80 

promotion, screening and diagnosis, and disease prevention (Ncube, 2021).  81 

The current study aims to determine the impact of Covid-19 on ANC service utilization in 82 

SSA using the case of Madagascar. Specific objectives are to: (i) establish the extent of Covid-19 83 

impact on ANC in Madagascar; (ii) examine sub-population variations of Covid-19 impact on 84 

ANC; and (iii) explore potential mediation of Covid-19 on multilevel predictors of ANC. The study 85 

strengthens the ANC empirical evidence-base, required to boost national and sub-national 86 

preparedness for current and future pandemics in Madagascar and similar SSA settings. Despite 87 

growing literature on the impact of Covid-19 on ANC and MNCH outcomes globally, substantial 88 

knowledge gaps remain about the population-level impact of the pandemic on ANC in SSA and the 89 

most at risk sub-groups. Most of existing empirical evidence on the extent of ANC impact of 90 

Covid-19 is largely based on health facility studies (Butt et al, 2021; Goyal et al 2021;  Patabendige 91 

et al, 2021; Pillay et al, 2021; Rabbani et al, 2021; Ariani, 2022; Landrian et al, 2022; Yadollahi et 92 
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al, 2022). However, health facility data in most of SSA have well-recognised limitation of selection 93 

bias since such data exclude a sizeable proportion of the population who do not attend health 94 

facilities. There is need for stronger empirical evidence for a nuanced understanding of the 95 

population-level impact of Covid-19 on ANC in SSA.  96 

Madagascar provides an ideal setting for the study, being the first country in SSA to release 97 

data under the international Demographic and Health Surveys (DHS) programme, after the onset of 98 

Covid-19 pandemic. Even before the pandemic, Madagascar had poor maternal health indicators, 99 

maternal mortality remaining high at 426 deaths per 100,00 live births, largely due to delay or lack 100 

of use of maternal healthcare services, with only 30% of pregnant women receiving  4+ ANC visits 101 

as recommended  by WHO (Andrianantoandro et al, 2021). Like elsewhere in the world, 102 

Madagascar health care system was overwhelmed by Covid-19 (WHO, 2022), and the country 103 

endured severe disruptions in essential health services for safe births, putting years of health 104 

progress at risk (World Bank, 2022). The first cases of Covid-19, including community 105 

transmission in Madagascar were detected in March 2020, around the same time when Covid-19 106 

was declared a global pandemic by the WHO, and the country responded by adopting various 107 

interventions to prevent the spread of the virus in the country, including curfew, lockdowns, travel 108 

restrictions, closure of non-essential businesses and social distancing (Randremanana, et al, 2021). 109 

State-wide surveillance data from different types of high-risk individuals  (including passengers and 110 

contacts based on WHO guidelines and patients visiting hospitals) showed 21% of 26,415 111 

individuals tested being positive during the first wave of the pandemic: March-September 2020, 112 

suggesting that despite stringent measures to prevent and control the spread of Covid-19, 113 

Madagascar was unable to stop the spread of the virus in the country (Randremanana, et al, 2021).  114 

The pandemic exacerbated challenges faced by Madagascar’s health system, intensifying the need 115 

to accelerate fight and prioritize reduction of maternal mortality, among other key health needs in 116 

the country (WHO, 2023). However, little is known about the impact of the pandemic on women of 117 

childbearing age in Madagascar (Rakotosamimanana et al, 2023), calling for stronger empirical 118 

evidence to inform strategies towards improved maternal/neonatal health in the country. 119 

The literature on Covid-19 impact on ANC in LMICs is rapidly expanding. With the 120 

emergence of Covid-19 outbreak, access to quality ANC services in the SSA region was threatened 121 

due to the competition for limited health care resources and disruption due to the urgent need to 122 

shift limited resources to contain the Covid-19 pandemic (Ogunkola et al, 2021). The lack of in-123 

person clinics during Covid-19 impacted the ability to screen for physical or psychosocial issues, 124 

such as elevated blood pressure and mental illness (Lucas and Bamber, 2021). A number of health 125 

facility-based studies in different LMIC settings have shown a significant impact of Covid-19 on 126 
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missed ANC appointments (Rabbani et al, 2021), delayed start of ANC (Pillay et al, 2021; Landrian 127 

et al, 2022) and quality of ANC (Patabendige et al, 2021). The impact of Covid-19 on MNCH 128 

service use and delayed care-seeking has been linked to worsened MNCH outcomes, including an 129 

increase in pregnancy complications and adverse fetal and infant outcomes (Butt et al, 2021; Kassie 130 

et al, 2021), with some studies indicating a possible indirect effect rather than a causative 131 

relationship (Goyal et al 2021; Yadollahi et al, 2022).  Identified predictors of ANC use during 132 

Covid-19 include husband's support, not being afraid of contracting Covid-19, easy access to 133 

transportation, ease of ANC fees, no lockdown policy, knowledge regarding Covid-19, Covid-19 134 

information on social media, and Covid-19 prevention protocols in health facilities (Goyal et al 135 

2021; Ariani, 2022).  136 

This paper builds on existing limited population-based evidence to quantify the extent to 137 

which Covid-19 and associated containment measures impacted ANC in SSA, using evidence from 138 

the 2021 Madagascar Demographic and Health Survey (DHS). Ahonsi (2020) underscores the need 139 

for stronger evidence-base for ensuring adequate attention to the sexual and reproductive health 140 

(SRH) related fall-outs of the pandemic, adding that emerging and re-emerging infections are here 141 

to stay and that SRH researchers across SSA have an important role to play in boosting national 142 

preparedness for future pandemics. The current study focuses on the coverage, timing and 143 

frequency of ANC before and during the Covid-19 pandemic, and the sub-groups most impacted in 144 

Madagascar. The main research questions include: To what extent has Covid-19 impacted ANC in 145 

Madagascar? What sub-groups of the population were most impacted? The analysis of at-risk sub-146 

groups takes into account multilevel (individual, household and community) predictors of ANC 147 

established in existing literature (Magadi 2000; Appiah 2022). 148 

 149 

Data and Methods 150 

The Data 151 

This paper is based on secondary analysis of the 2021 Madagascar Demographic and Health 152 

Surveys (DHS). The DHS are repeated cross-sectional nationally representative household-based 153 

surveys that provide data for a wide range of monitoring and impact indicators in the areas of 154 

population and health, including ANC in most low-and middle income countries (LMICs), such as 155 

SSA. The 2021 Madagascar DHS was the first DHS to be released in SSA following the Covid-19 156 

pandemic. As such, it is the first DHS in SSA where pregnancies cover the period of Covid-19 157 

lockdown from March 2020. Despite the timing of 2021 Madagascar DHS in relation to Covid-19, 158 

both household and individual women’s response rates were high at 99% and 95%, respectively 159 
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(INSTAT et ICF., 2022), and comparable to previous DHS (Household – 94%, eligible women – 160 

99%) in the country (INSTAT et ICF Macro. 2010). The analysis of the impact of Covid-19 in this 161 

paper focused on comparison of births that occurred pre-Covid in 2019 and during the pandemic in 162 

2021. To cater for seasonality effects, the sample before Covid-19 was extracted for births during 163 

the same months as births during Covid-19 sample (i.e January-July 2019 pre-Covid-19 versus 164 

January-July 2021 during Covid-19). A total of 2223 births were included in the analysis, 1201 165 

cases pre-Covid-19 and 1022 cases during Covid-19. 166 

The variables 167 

The outcome variable of interest is ANC, focussing on three measures: skilled ANC 168 

coverage; timing of first ANC; and frequency of visits, all of which have established links with 169 

maternal/neonatal outcomes. Attending ANC remains an integral part of maternity care as it allows 170 

for close monitoring of pregnancy development and management of disorders associated with the 171 

pregnancy and birth preparedness. The WHO recommends a minimum of eight ANC contacts 172 

starting during first semester for a positive pregnancy experience (WHO 2018), and promotes a 173 

model of reduced but ‘focused’ or ‘basic’ ANC (WHO, 2011) consisting of least four visits 174 

targeting LMICs.  Among essential tests for maternal and foetal assessments during ANC include: 175 

regular blood pressure monitoring for all pregnancies to enable detection of dangerous conditions 176 

such as preeclampsia; and context-specific full blood count testing for diagnosing anaemia in 177 

pregnancy and urine test for diagnosing asymptomatic bacteriuria in pregnancy (WHO, 2018). 178 

Existing research evidence in diverse LMIC settings have established a significant impact of 179 

professional ANC coverage and content on the risk of neonatal and infant mortality in SSA (Arunda 180 

et al, 2017; Tekelab et al 2019; Islam and Tabassum, 2021).  A systematic review of the impact of 181 

ANC in SSA established that ‘utilization of at least one antenatal care visit by a skilled provider 182 

during pregnancy reduced the risk of neonatal mortality by 39%, highlighting the need for all 183 

pregnant women to receive professional antenatal care in order to accelerate progress towards the 184 

reduction of neonatal deaths (Tekelab et al 2019).  185 

Routinely collected DHS data on birth/pregnancy history during the five years preceding the 186 

survey provided key data for the analysis, including data on ANC timing and frequency. All women 187 

who had a last birth within the five years preceding the DHS were asked specific questions on ANC 188 

for the most recent birth. Specific data on ANC were: (i) source/provider of ANC received during 189 

pregnancy (doctor, nurse/midwife, community health worker (CHW), traditional birth attendant or 190 

no one) (ii) Timing of first ANC (in months) and (iii) frequency of visits. These measures were used 191 

to derive specific binary outcome variables for:  skilled ANC (doctor, nurse/midwife or CHW as 192 

ANC provider); early initiation of ANC (timing of first ANC during first trimester); and frequent 193 
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ANC (4+ visits). A final outcome variable for ‘adequate ANC’ was derived for early start and 194 

frequent ANC, with ‘adequate ANC’ defined as at least 4 ANC visits starting during the first 195 

trimester. Additionally, data on content of ANC included tests on blood pressure and blood/urine 196 

samples.  197 

The main explanatory variable was period of birth, classified as pre-Covid (i.e January to 198 

July 2019) or during Covid-19 (i.e. from January to July 2021). Births during 2020 include 199 

pregnancies where ANC may have been partially affected by the pandemic, while those in different 200 

months from the comparison Covid-19 may have been subject to seasonality effects and therefore 201 

excluded from the analysis to avoid contamination. Pregnancies for births during January-July 202 

2021, and associated ANC, will have taken place within the nine months preceding the birth, hence 203 

during Covid-19 period from March 2020. July 2021 is used as the cut-off date, being the last date 204 

for births reported in 2021 Madagascar DHS. To ensure comparability, births pre-Covid are for the 205 

same months in 2019 to account for seasonality effects. Births during January-July 2020 are 206 

excluded from the comparison since most of the pregnancies will have been partly before and partly 207 

during Covid-19, contaminating the comparison and masking Covid-19 impact.   Only pregnancies 208 

that ended in a live birth are included in the analysis since the DHS only collects detailed ANC data 209 

on recent live births.  210 

Besides Covid-19, a number of variables known to be associated with ANC based on 211 

previous literature were included in the analysis as controls. These included a range of demographic 212 

factors, namely: age, parity, marital status, birth interval and pregnancy intention, as well as socio-213 

economic factors: education, wealth, occupation and urban/rural residence (Magadi 2000; Okedo-214 

Alex et al, 2019; Appiah 2022; Andegiorgish et al 2022). The classification of demographic and 215 

socio-economic predictors of ANC included in the analysis are consistent with categories used in 216 

previous studies (Appiah 2022; Andegiorgish et al 2022), while merging similar risk categories 217 

with few cases, to facilitate comparison and ensuring sufficient cases in each category (e.g age 218 

groups) for statistical inference.  The distribution of the study sample (classified by ‘pre-Covid-19’ 219 

and ‘during Covid-19’) by key characteristics included in the analysis is presented in Table 1. 220 

Analytical methods 221 

The analytical strategy in this paper is guided by a socio-ecological model for understanding 222 

barriers and facilitators of health service access which has been widely applied in public health 223 

research, including maternal health care (Ma et al, 2017; Kaiser et al 2019). In the context of ANC, 224 

existing evidence has established that utilization is influenced by factors operating at multiple 225 

levels, including individual, household, community and wider societal levels (Magadi 2000; Appiah 226 
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2022). The emergence of Covid-19 pandemic and the associated containment measures adopted by 227 

various governments may have modified how the factors operating at various levels influence ANC 228 

access and utilization.  229 

The analysis first examined the distribution of study sample by key demographic and socio-230 

economic ANC risk factors, classified by period before and during Covid-19 to assess 231 

representativeness of the study sample. This was followed with descriptive analysis of comparisons 232 

between pre-Covid and during Covid-era of ANC measures on uptake, timing and frequency of 233 

visits, as well as essential tests (blood pressure and blood/urine samples) taken during ANC to 234 

establish the potential impact of Covid-19 on ANC. Chi-Square tests were used to assess significant 235 

differences in ANC measures pre-Covid  and during Covid-19 era. Bivariate analysis of sub-236 

population variations in Covid-19 impact was then used to identify sub-groups most impacted by 237 

Covid-19. This involved comparison of factors associated with coverage, early start and adequate 238 

ANC before and during Covid-19, with Chi-Square tests used to identify significant demographic 239 

and socio-economic factors associated with ANC before and during Covid-19. 240 

The bivariate analysis was followed with multilevel logistic regression models to examine 241 

individual, household and community-level predictors of ANC. The multilevel analysis was 242 

considered appropriate to account for the hierarchical DHS data structure which involves multi-243 

stage sampling design, starting with selection of clusters, followed with selection of households and 244 

individuals within households. The Madagascar DHS has an additional data hierarchy, with clusters 245 

nested within regions. Thus, the analysis sample consists of individual births/mothers (Level 1) 246 

nested within clusters (Level 2) which are in turn nested within regions (Level 3). The DHS clusters 247 

are normally equivalent to census enumeration areas covering a group of households in a 248 

geographic locality (ICF International, 2012). The term clusters and communities are used 249 

interchangeably in this paper, as in previous studies (Magadi et al, 2000).  The analysis involved 250 

application of three-level random intercepts Logistic regression models of the form: 251 

Logit πijk = 0 + X1ijk1 …  Xnijkn + ujk + vk     (1)   252 

where:  πijk is the probability of an ANC outcome (no ANC, Early ANC start, Adequate 253 

ANC) for an individual birth i, in the jth  cluster in the kth region; B0 is the regression 254 

constant;  X1ijk – Xnijk are covariates at individual, cluster or region level; 1…Bn are the 255 

associated regression parameter estimates; and the measures vk, and  ujk  are the residuals at 256 

region and cluster level, which are assumed to be normally distributed with means of zero 257 

and variances of 2
v and 2

u , respectively (Goldstein, 2011).  258 
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Estimates of region and cluster level variances were used to derive intra-cluster and intra-259 

region correlation coefficients to estimate potential clustering of ANC outcomes within 260 

communities and regions in Madagascar. Since individual births/mothers in the same cluster are 261 

also in the same region, the intra-cluster correlations include region variances (Siddiqui et al, 1996). 262 

Hence, estimates of intra-region (ρv) and intra-cluster (ρu) correlation coefficients are obtained as: 263 
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         where:  σv
2 is the region-level variance; σu

2 is cluster-level variance; and  σe
2 is individual-265 

level variance. For multilevel logistic regression models, the level-1 residuals, eijk, , 266 

are assumed to have a standard Logistic distribution with mean zero and variance 267 

2/3, where  is the constant 3.1416 (Hedeker and Gibbsons, 1996). 268 

The modelling strategy began with an examination of Covid-19 effect on ANC coverage, 269 

early start and adequate ANC using pooled samples for before and during Covid-19.  The key study 270 

variable for Covid-19 period was first added to the model before introducing sets of covariates to 271 

the model in sequential stages to establish mechanisms through which Covid-19 may have been 272 

linked to ANC outcomes.  Interactions of period (pre-Covid, and during Covid) with other ANC 273 

risk factors were considered to examine potential mediation of Covid-19 on multilevel predictors of 274 

ANC, and to identify sub-groups most impacted by Covid-19. To ease interpretation of potential 275 

interaction effects, risk factors of adequate ANC for equivalent time periods were compared before 276 

and during Covid-19 using separate samples, rather than interaction effects presented based on 277 

pooled sample. The MLwiN software was used to run the multilevel models and estimation of 278 

parameters based on second order penalised quasi-likelihood (PQL) procedure (Rasbash et al, 279 

2020). 280 

 281 

Findings  282 

An examination of the distribution of the study sample by background demographic and socio-283 

economic characteristics (Table 1) suggests that the study sample is generally representative of the 284 

national population based on overall DHS sample, apart from a few exceptions. There is evidence 285 

that births during Covid-19 comprised a higher proportion of young mothers aged 15-24, rural 286 

residents, unemployed/self-employed mothers or unintended births compared to overall births or 287 

births before Covid-19. Furthermore, the study sample before or during Covid-19 had a slightly 288 

higher proportion of births in lower socio-economic groups (i.e. mothers with no education or in 289 
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lowest household wealth quintile) compared to overall births in Madagascar. These patterns may 290 

have important implications on the interpretation of findings presented in this paper in relation to 291 

national representativeness. 292 

To what extent has Covid-19 impacted ANC? 293 

 294 

A comparison of ANC measures pre-Covid (births in Jan-July 2019) and during the Covid-19 295 

(births in Jan-July 2021) shows that ANC coverage, timing and frequency of visits were all 296 

significantly impacted by the pandemic (Table 2a). Approximately 16% of births received no ANC 297 

during Covid-19, a significant increase from 12% pre-pandemic (p=0.009). Early start of ANC 298 

during the first trimester was significantly lower (p=0.017) during the pandemic (29%) than before 299 

the pandemic (34%). Furthermore, a lower proportion of births (p=0.007) had received at least four 300 

ANC visits during the pandemic (52%) compared to pre-pandemic (58%). Consequently, a lower 301 

proportion of births (p=0.011) received adequate ANC (at least four visits, starting during the first 302 

trimester) during the pandemic (21%), compared to pre-pandemic (25%). 303 

A later start of ANC, coupled with less frequent visit during the pandemic is likely to lead to 304 

lack of essential tests done during pregnancy to safeguard the health of the mother and newborn.  305 

Essential tests, including blood pressure, blood and urine tests all significantly reduced during the 306 

pandemic (Table 2b).  Among those who attended ANC, about 21% of births had no blood pressure 307 

taken during the pandemic, compared to 17% before the pandemic (p=0.027). Similarly, a 308 

significantly higher (p<0.001) proportion of births during the pandemic did not have blood samples 309 

taken during ANC (58%), than before the pandemic (50%). Overall, approximately 27% of births 310 

before the pandemic had all the three essential tests taken during ANC, while less than a quarter 311 

(23%) did so during the pandemic.     312 

A comparison of the number of essential ANC tests taken before and during the Covid-19 313 

pandemic (Figure 1) confirms that a lower proportion of pregnancies during the pandemic 314 

(compared to pre-pandemic) had at least two of the three ANC tests taken, while the reverse was the 315 

case for having only one or no test taken. 316 

 317 

How has Covid-19 moderated ANC risk factors / which population sub-groups have been 318 

disproportionately affected by Covid-19?  319 

 320 

A comparison of bivariate associations between key demographic and socio-economic factors 321 

known to be associated with ANC from previous literature, before and during Covid-19, show 322 

associations largely consistent with expected patterns (Table 3). Findings confirm generally poorer 323 
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ANC both before and during Covid-19 among higher order births of parity 5+; shorter preceding 324 

birth interval; rural residence; lower socio-economic status (i.e. lower educational attainment or 325 

poorest/poorer wealth quintiles); and those who are self or unemployed. Although births during 326 

Covid-19 were more likely to have been unintended (wanted later or no more) than births before 327 

Covid-19 (Table 1), there was no evidence of poorer ANC among unintended births during or 328 

before Covid-19.  329 

The association showing a clear difference between before and during Covid-19 is variation 330 

in ANC by age. Before Covid-19, births to women aged 25-34 years were more likely to receive 331 

adequate ANC, compared to births to younger or older women. However, during Covid-19, there 332 

was evidence of births among younger women having better ANC, such that the youngest age group 333 

of 15-24 years was associated with the best ANC.  For instance, while before Covid-19 adequate 334 

ANC was lowest among the youth aged 15-24 years (i.e. <22% versus 30% for 25-34 years and 335 

22% for 35+ years), this age group had the highest proportion of births receiving adequate ANC 336 

during Covid-19 (i.e 25% versus 18% for 25-34 years and 13% for 35+ years). Consequently, while 337 

adequate ANC among the oldest age group (35+ years) reduced by almost half during Covid-19 338 

(from 22% to 13%), the youngest age group (15-24 years) saw a slight improvement (from 22% to 339 

25%). 340 

An examination of Covid-19 risk factor on ANC, taking into account other significant ANC 341 

predictors, based on multilevel logistic regression analysis (Table 4) suggests that the impact of 342 

Covid-19 on ANC remains largely unexplained by factors considered in the analysis.  Before taking 343 

into account other predictors (results not shown), Covid-19 was associated with a 39% increase in 344 

the odds of receiving no antenatal care.  After controlling for other predictors, including pregnancy 345 

intention (unintended pregnancies more likely during Covid-19 and generally associated with 346 

poorer ANC), Covid-19 was still associated with an average of 42% increase in the odds of having 347 

no ANC across communities and regions in Madagascar, suggesting that the effect of Covid-19 on 348 

receiving no ANC was not explained by the co-variates considered. 349 

With respect to timing of ANC, the multilevel logistic regression analysis confirm a 350 

significant reduction in early start of ANC during the first trimester. Before controlling for any 351 

covariates, births during the Covid-19 had an average of 20% lower odds of early start of ANC 352 

across clusters and regions, compared to births before the pandemic.  After controlling for other 353 

significant covariates, births during Covid-19 still had 22% lower odds. For adequate ANC, the 354 

reduction in the odds during Covid-19 was 21% in the null model, and 22% in the model 355 

controlling for other significant covariates.  356 
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The effect of the other co-variates on ANC was largely as expected. Births to older women 357 

were less likely to receive early ANC and higher order births were more likely to receive no ANC, 358 

while higher socioeconomic status (educational attainment and wealth) was associated with reduced 359 

odds of receiving no ANC, and increased odds of adequate ANC. There was also evidence of 360 

preceding birth interval less than two years being more likely to receive no ANC.  Besides the 361 

observed demographic and socio-economic predictors of ANC, there was evidence of significant 362 

variations in receiving no ANC, early or adequate ANC across clusters and regions in Madagascar. 363 

There was evidence of strong variations in ANC coverage across regions and across clusters within 364 

regions in Madagascar. Before taking into account any covariates, 15% (i.e. 0.921/(0.921 + 1.798 + 365 

3.29) of the total variation in ANC coverage was attributable to regional differences, while 45% 366 

(i.e. (0.921+1.798)/(0.921+1.798+3.29)) was attributable to community/cluster level variations, 367 

with the remaining 40% attributable to individual birth/woman differences. The regional variations 368 

were largely explained by covariates included in the model but remained marginally significant at 369 

10% level and accounted for only 6% of the total unexplained variation in antenatal coverage. 370 

However, community/cluster level differences remained strong. After controlling for significant 371 

covariates, 32% of the total unexplained variation in ANC coverage was attributable to unobserved 372 

community/cluster level factors. The regional and community/cluster level variations for early and 373 

adequate ANC were less strong, but remained significant for adequate ANC even after significant 374 

covariates were accounted for.  375 

The multilevel analysis considered random coefficient models, allowing the effect of Covid-376 

19 to vary across different regions and clusters. However, there was no evidence from the random 377 

coefficient models that the effect of Covid-19 on ANC significantly varied across clusters or 378 

regions in Madagascar. Finally, a comparison of risk factors of adequate ANC before and during 379 

Covid-19 to further understand how Covid-19 may have moderated ANC risk factors, and to 380 

identify population sub-groups disproportionately affected by Covid-19 is presented in Table 5.  381 

Although the effect of age on having adequate ANC was not significant before Covid-19 382 

once other significant factors were controlled for, the relationship appears reversed for the 25-34 383 

age group, such that while before Covid-19 births to women aged 25-34 tended to have higher odds 384 

of adequate ANC than births to youth aged 15-24 years, the pattern was reversed and significant 385 

during Covid-19, with youth mothers being more likely to have adequate ANC than older mothers.  386 

The other risk factor for adequate ANC showing different patterns before and during Covid-387 

19 was educational attainment, the effect being stronger during than before Covid-19. Higher 388 

educational attainment was associated with significantly higher odds of adequate ANC during 389 

Covid-19 (p<0.01) but the effect was not significant before Covid-19 once household wealth was 390 
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controlled for. While primary or secondary education was not significantly different from no 391 

education before Covid-19, births to women with primary or secondary education had on average 392 

more than double the odds of adequate ANC than births to women with no education during Covid-393 

19. Another socio-economic factor associated with adequate ANC was household wealth, 394 

significant for both before and during Covid-19 samples. However, the effect was stronger before 395 

than during Covid-19. 396 

Besides the fixed effects, there was evidence of significant variations in adequate ANC 397 

across clusters and across regions in Madagascar before and during Covid-19. However, these were 398 

largely explained by observed co-variates included in the model and ceased to be significant once 399 

these factors were controlled for. 400 

 401 

Discussion and conclusions 402 

Overall findings presented in this paper suggest that all ANC measures considered (having no ANC, 403 

early start of ANC, frequent (4+) visits, and adequate ANC) were significantly worse during Covid-404 

19 than before the pandemic. The effect of Covid-19 remains significant after other significant 405 

demographic and socio-economic risk factors were controlled for, suggesting that observed 406 

differences could not be attributed to potential changes in any of these factors.  Population sub-407 

groups disproportionately affected during Covid-19 include births to older mothers and mothers 408 

with no education. While youth aged 15-24 had poorer ANC compared to older women before the 409 

pandemic, the pattern was reversed during the pandemic, with older mothers being associated with 410 

poorer ANC. There was further evidence that the protective effect of education was stronger during 411 

than before the pandemic. For instance, primary or secondary education was not significantly 412 

different from no education before the pandemic, once household wealth was controlled for, but  413 

those with primary or secondary education had more than double the odds of receiving adequate 414 

ANC than those with no education during the pandemic. Observed findings on the extent of the 415 

pandemic’s impact on ANC and sub-groups disproportionately affected have important implication 416 

for policy/practice and further research.  417 

Unique contribution of current paper to existing knowledge 418 

This paper makes an important contribution to existing knowledge on the impact of Covid-19 on 419 

ANC in Madagascar and similar LMIC settings, especially SSA. First, the nature of data used and 420 

intuitive analytical approach has led to an improved understanding of the extent/magnitude of the 421 

population-level impact of the pandemic on ANC, clarifying previous patterns based largely on 422 

health facility data and at the same time helped unmask important salient features of the pandemic’s 423 
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impact based on overall patterns presented in routine DHS reports. Explicit comparisons to 424 

illustrate this are provided below under ‘Extent of Covid-19 impact’. 425 

Second, it has revealed novel findings in relation to population sub-groups 426 

disproportionately impacted, with important implications for policy/practice.  In particular, the 427 

patterns observed in relation to mother’s age has important implications for adolescent/youth 428 

maternal health care policy/practice in SSA and similar settings. The existence of youth-friendly 429 

reproductive/maternal health (RMH) care policies has not often translated into youth-friendly 430 

services in many SSA countries, with unmarried youth seeking RMH often facing stigma and 431 

discrimination from health care personnel, discouraging them from seeking care (Onukwugha et al, 432 

2022). In some instances, implementation of some of the RMH policies that were meant to 433 

encourage male participation in RMH (including ANC) compromised care for unmarried youth 434 

who were often made to wait long hours or denied ANC altogether (Onukwugha et al, 2022). It is 435 

possible that ANC processes adopted during Covid-19 may have overcome existing barriers and 436 

worked better for the youth, especially where services were provided remotely or in less crowded 437 

facilities. There are potentially useful lessons to learn from Covid-19 era for improved RMH 438 

service provision for adolescents and youth who bear a disproportionate burden of poor 439 

maternal/neonatal health care and outcomes in LMICs. This is particularly relevant in the context of 440 

Madagascar where there has been expressed concerns of adolescents experiencing poor RMH, 441 

including early marriage, high fertility and maternal mortality, with approximately 20% maternal 442 

deaths being among adolescents aged 15-19 years (Gurman and Fohl, 2017). Furthermore, observed 443 

patterns relating to ANC disparities with respect to mothers’ educational attainment reinforce 444 

existing socio-economic inequalities. The findings underscore particular vulnerability of mothers 445 

with no education (or illiterate) during Covid-19 when miscommunication or lack of essential 446 

information was a major barrier to seeking and accessing essential care.  447 

While the analysis presented in this paper has provided important insights on overall impact 448 

of Covid-19 on ANC and population sub-groups disproportionately affected by Covid-19, it is 449 

important to bear in mind the distribution of the study sample by background demographic and 450 

socio-economic sub-groups reported earlier.  There was evidence that births during Covid-19 451 

comprised a higher proportion of younger mothers aged 15-24, rural residents, those with no 452 

education, in lowest wealth quintile households, unemployed/self-employed mothers or unintended 453 

births compared to overall births or births before Covid-19. These patterns suggest that the lower 454 

use of ANC during Covid-19 observed in this paper may be partly explained by the higher 455 

proportion of births during Covid-19 comprising a higher proportion of disadvantaged groups 456 

associated with lower ANC. Although the higher proportion of unemployed/self-employed mothers 457 

may be attributable to job losses during Covid-19, the higher proportion of births among other 458 
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disadvantaged groups of mothers (i.e youth, rural residents, lower socio-economic status) may 459 

suggest that these sub-groups were less able to take appropriate action to prevent unintended 460 

pregnancies/births during Covid-19. It is encouraging that some of these groups (i.e the youth) were 461 

associated with better ANC during Covid-19. However, the higher proportion of births among some 462 

of the disadvantaged groups associated with worst ANC during Covid-19 (e.g. mothers with no 463 

education) reinforce the widely expressed concern of Covid-19 penalizing the most vulnerable in 464 

society, especially those living in poverty, further amplifying existing deep inequalities in SSA 465 

(Okoi and Bwawa 2020; Anas and Musah, 2023). This underscores the threat of Covid-19 to global 466 

efforts to maintain progress towards the SDG health targets by 2030 (Amouzou et al, 2023). 467 

 468 

Extent of Covid-19 impact on ANC 469 

The findings on the extent of Covid-19 impact reveal a substantial and significant impact of Covid-470 

19 on ANC in Madagascar. These findings are consistent with other studies in SSA which also 471 

demonstrate significant reductions in the use of ANC care during the Covid-19 pandemic. In a 472 

systematic review from Ethiopia, Mekonnen et al (2023) reported a 13% reduction in ANC 473 

coverage during the Covid-19 pandemic, because of women experiencing additional access barriers 474 

during the Covid-19 pandemic. In the Ethiopian context, key access barriers included a lack of 475 

transportation to facilities, fear of getting Covid-19 in health facilities, and maternal adherence to 476 

movement restriction measures (Mekonnen 2023). It is likely that women in Madagascar 477 

encountered similar access barriers leading to significant reductions in the use of ANC services 478 

during the Covid-19 pandemic. However, more studies are needed to further understand barriers to 479 

accessing maternal and child health services specific to the context in Madagascar, especially given 480 

the substantial reduction in ANC coverage of 42% revealed by the MDHS-2021 analysis.  481 

The need for further research to better understand the extent of Covid-19 impact is 482 

reinforced by the fact that existing overall ANC patterns tend to mask important salient features of 483 

the pandemic’s impact. For instance, ANC trends reported in the Madagascar DHS report shows an 484 

upward trend of the three ANC key indicators over the last three decades: an increase by 10 485 

percentage points in the proportion of mothers receiving professional ANC, from 79% in 1992 to 486 

89% in 2021; an increase in the percentage of women who made at least four ANC visits, from 42% 487 

to 60% in the same period; and an increase in the percentage of women who had their first ANC 488 

visit during first trimester of pregnancy, from 21% in 1992 to 31% in 2021 (INSTAT et ICF. 2022). 489 

These patterns largely reflect patterns for births within the last five years of survey before Covid-19, 490 

masking important features of Covid-19 impact evident from the analysis presented in this paper: a 491 

42% reduction in ANC coverage and 22% reduction in early start or adequate ANC. This calls for 492 
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more comprehensive analysis to provide a better understanding of salient features of the impact of 493 

the pandemic in individual countries and wider SSA to inform national and international 494 

preparedness for current and future pandemics. 495 

 496 

Population sub-groups disproportionately affected by Covid-19 497 

The findings presented in this paper suggest that population sub-groups disproportionately affected 498 

during Covid-19 include births to older mothers and mothers with no education. Youth aged 15-24 499 

had poorer ANC compared to older women before the pandemic, but the pattern was reversed 500 

during the pandemic, with older maternal age being associated with poorer ANC. Also, the 501 

protective effect of education was stronger during than before pandemic. For instance, mothers with 502 

primary or secondary education were not significantly different from those with no education before 503 

the pandemic, once household wealth was controlled for. However, those with primary or secondary 504 

education had more than double the odds of receiving adequate ANC than those with no education 505 

during the pandemic (p<0.01). These findings underscore the importance of targeting the most at 506 

risk groups adversely affected by pandemics (e.g older mothers during Covid-19) when formulating 507 

effective strategies to mitigate the devastating impact of pandemics on MNCH outcomes. 508 

Furthermore, there is need for essential information, education and key messages during pandemics 509 

to be available in formats accessible to non-literate mothers.  510 

 Further research is needed to better understand population sub-groups most impacted 511 

by Covid-19. The analysis presented in this paper on what population sub-group were most 512 

impacted by Covid-19 was limited by the small sample size for births after Covid-19 in the 513 

multilevel analysis. Hence, most of the associations were not statistically significant due to lack of 514 

adequate statistical power. Pooling relevant DHS data across SSA countries may be necessary to 515 

achieve sufficient samples to enable more detailed sub-group analysis. 516 

ANC and adverse maternal/neonatal and child health outcomes amidst Covid-19 517 

Overall findings underscore the need for urgent attention and action. The lack of access to ANC is 518 

detrimental to downstream maternal and child health outcomes. Earlier predictions suggested that a 519 

10% decline in the use of essential maternal, neonatal and child health care due to Covid-19 would 520 

result in hundreds of thousands of additional child and maternal deaths (Riley et al 2020; Roberton 521 

et al, 2020), and there is compelling empirical evidence of poorer maternal and child health 522 

outcomes during the Covid-19 pandemic. A recent systematic review demonstrated significant 523 

increases in stillbirths (OR=1.28, 95% CI 1.22-1.53) and maternal deaths (OR=1.37, CI 1.22-1.53) 524 

during the Covid-19 pandemic across multiple regions (Chmielewska et al, 2021). Furthermore, a 525 
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WHO survey of 11 African countries has demonstrated a 16% increase in maternal deaths during 526 

the Covid-19 pandemic (Senkyire et al, 2023). Thus, from a policy perspective, designing and 527 

implementing interventions that maintain access to maternal health services during pandemics is a 528 

critical component of pandemic preparedness and response. Such interventions are important in 529 

maintaining gains in maternal health outcomes during pandemics particularly in LMICs. Further 530 

research studies with large sample sizes or national datasets are needed to improve understanding of 531 

the drivers of poor ANC in pandemics in LMICs. 532 

 533 
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Table 1: Distribution of study sample by key demographic and socio-economic ANC risk factors, 798 
classified by period before and during Covid-19 799 

 800 

Characteristic Before Covid-19 During Covid-19  Overall total* 

Percent 

(%) 

Unweigh

ted cases 

percent 

(%) 

Unweigh

ted cases 

percent 

(%) 

Unweight

ed cases 

Age group 

- 15-24 

- 25-34 

- 35+ 

 

39.9 

41.0 

19.2 

 

479 

492 

230 

 

50.3 

38.4 

11.4 

 

514 

392 

116 

 

38.9 

40.3 

20.8 

 

3619 

3756 

1940 

Marital status 

- No partner 

- Has partner 

 

21.6 

78.4 

 

259 

942 

 

23.3 

76.7 

 

238 

784 

 

21.7 

78.3 

 

2024 

7291 

Birth order 

- 1st birth 

- 2-4 

- 5+ 

 

29.6 

47.3 

23.1 

 

355 

568 

278 

 

27.7 

49.7 

22.6 

 

283 

508 

231 

 

27.1 

50.1 

22.8 

 

2522 

4667 

2126 

Preceding birth interval 

- 1st birth 

- < 2 years 

- 2+ years 

 

29.6 

14.7 

55.6 

 

355 

176 

668 

 

27.7 

11.6 

60.6 

 

283 

119 

619 

 

27.1 

13.1 

59.7 

 

2522 

1216 

5561 

Residence 

- Urban 

- Rural 

 

21.1 

78.9 

 

254 

947 

 

15.8 

84.2 

 

161 

861 

 

20.5 

79.5 

 

1908 

7407 

Education level 

- No education 

- Primary 

- Secondary+ 

 

24.6 

43.1 

32.3 

 

295 

518 

388 

 

25.2 

41.2 

33.6 

 

258 

421 

343 

 

22.6 

43.4 

34.1 

 

2101 

4039 

3175 

Wealth quintile 

- Poorest 

- Poorer 

- Middle 

- Richer 

- Richest 

 

26.9 

21.8 

18.5 

16.4 

16.4 

 

323 

262 

222 

197 

197 

 

26.7 

21.1 

22.6 

18.6 

11.0 

 

273 

216 

231 

190 

112 

 

24.5 

21.6 

19.3 

17.7 

16.8 

 

2282 

2014 

1798 

1652 

1569 

Employment status 

- None / self  

- Employed 

 

64.0 

36.0 

 

769 

432 

 

71.9 

28.1 

 

735 

287 

 

64.2 

35.8 

 

5981 

3334 

Pregnancy intention 

- Unintended  

- Wanted then 

 

 

11.1 

88.9 

 

133 

1068 

 

14.1 

85.9 

 

144 

878 

 

11.9 

88.1 

 

1110 

8205 

All 100 1201 100 1022 100 9315 
*Overall sample of all births within five years preceding the survey, including cases excluded from the analysis 801 

802 
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Table 2a: Comparison of ANC coverage, timing and frequency before and during Covid-19  803 
 804 

Period No 

Antenatal 

care (%)** 

Early 

ANC start 

(%)* 

Frequent (at 

least 4) visits 

(%)** 

Adequate (early 

start, 4+) ANC 

visits (%)* 

Cases 

Before Covid-19 11.9 34.1 57.7 25.2 1201 

During Covid-19 15.8 29.0 52.0 20.7 1022 

All 13.7 31.8 55.1 23.1 2223 
* - significant at 5% level (Chi Square p<0.05); ** - significant at 1% level (Chi Square p<0.01); ns - not significant 805 
 806 
Table 2b: Comparison of essential ANC tests not taken before and during Covid-19 pandemic 807 
 808 

Period % Blood 

pressure not 

taken* 

% Urine 

sample not 

taken(ns) 

% Blood 

sample not 

taken ** 

All the 3  

tests taken 

(%)* 

Cases 

Before Covid-19 16.6 67.3 50.0 26.9 1058 

During Covid-19  20.6 69.8 57.7 23.2 861 

All 18.4 68.4 53.5 25.3 1919 
* - significant at 5% level (Chi Square p<0.05); ** - significant at 1% level (Chi Square p<0.01); ns - not significant 809 
 810 

811 
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Table 3: Comparison of factors associated with coverage, early start and adequate ANC before and 812 

during Covid-19 813 

 814 

Characteristic Before Covid-19 During Covid-19  

No 

ANC 

(%) 

Early 

start 

(%) 

Adequate 

ANC (%) 

Cases No 

ANC 

(%) 

Early 

start 

(%) 

Adequate 

ANC (%) 

Cases 

Age group 

- 15-24 

- 25-34 

- 35+ 

(ns) 

12.3 

11.8 

11.3 

$ 

31.7 

37.9 

30.9 

** 

21.7 

30.0 

22.2 

 

479 

492 

230 

(ns) 

15.4 

15.8 

17.1 

** 

35.2 

24.2 

18.6 

** 

24.9 

17.6 

13.0 

 

514 

392 

116 

Marital status 

- No partner 

- Has partner 

(ns) 

12.2 

11.8 

(ns) 

33.0 

34.1 

(ns) 

21.8 

26.1 

 

259 

942 

(ns) 

16.0 

15.7 

(ns) 

29.4 

28.9 

(ns) 

21.2 

20.5 

 

238 

784 

Birth order 

- 1st birth 

- 2-4 

- 5+ 

** 

8.0 

11.3 

18.3 

(ns) 

31.8 

36.6 

31.8 

* 

23.1 

28.9 

20.1 

 

355 

568 

278 

** 

11.0 

15.3 

22.7 

* 

35.9 

27.3 

23.7 

** 

28.7 

19.4 

13.6 

 

283 

508 

231 

Preceding birth 

interval 

- < 2 years 

- 2+ years 

 

** 

23.5 

11.1 

 

(ns) 

31.8 

35.4 

 

(ns) 

21.8 

27.2 

 

355 

176 

668 

 

** 

24.8 

16.1 

 

* 

24.5 

26.4 

 

** 

13.7 

18.2 

 

283 

119 

619 

Residence 

- Urban 

- Rural 

** 

3.2 

14.2 

** 

46.1 

30.5 

** 

40.1 

21.2 

 

254 

947 

** 

6.6 

17.5 

* 

37.4 

27.2 

** 

31.3 

18.6 

 

161 

861 

Education level 

- No education 

- Primary 

- Secondary+ 

** 

25.3 

12.1 

1.6 

ns 

32.0 

32.5 

37.3 

** 

17.8 

22.1 

35.0 

 

295 

518 

388 

** 

31.3 

15.0 

5.0 

* 

21.6 

29.2 

32.9 

** 

10.5 

20.0 

29.2 

 

258 

421 

343 

Wealth quintile 

- Poorest 

- Poorer 

- Middle 

- Richer 

- Richest 

** 

25.5 

13.4 

6.3 

5.6 

0.5 

** 

31.3 

26.9 

27.4 

37.1 

50.3 

** 

16.8 

16.9 

23.4 

29.4 

48.0 

 

323 

262 

222 

197 

197 

** 

29.5 

20.3 

9.8 

5.9 

1.8 

* 

27.3 

22.0 

27.2 

34.1 

38.4 

** 

14.5 

14.4 

19.2 

29.0 

36.8 

 

273 

216 

231 

190 

112 

Employment status 

- None / self  

- Employed 

** 

13.8 

8.7 

* 

31.2 

38.9 

** 

21.9 

31.0 

 

769 

432 

** 

18.2 

9.6 

ns 

27.8 

31.8 

* 

18.7 

25.7 

 

735 

287 

Pregnancy intention 

- Unintended  

- Wanted then 

 

(ns) 

11.3 

12.0 

(ns) 

37.4 

34.0 

(ns) 

25.6 

25.2 

 

133 

1068 

(ns) 

17.4 

15.5 

(ns) 

27.2 

29.3 

(ns) 

18.8 

21.0 

 

144 

878 

All 11.9 34.1 25.0 1201 15.8 29.0 20.7 1022 

**Chi-Square p<0.01; *p<0.05; $p<0.1; (ns)p>0.05 815 
816 
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Table 4. Multilevel logistic regression of Covid-19 and other predictors of ANC in Madagascar: 817 

2019 and 2021. 818 

  No ANC Early ANC Adequate ANC 

Fixed effects Estimate (SE) OR Estimate (SE) OR Estimate (SE) OR 

Constant -0.87 (0.577)    -0.49 (0.344)  -1.92 (0.371)  
Period 

  Before Covid-19R 0.00  1.00 0.00  1.00 0.00  1.00 

  During Covid-19  0.35 (0.162)* 1.42 -0.25 (0.107)* 0.78 -0.25 (0.114)* 0.78 

Age group 

  15-24R 0.00  1.00 0.00  1.00 0.00  1.00 

  25-34 -0.33 (0.213) 0.72 -0.31 (0.140)* 0.74 -0.11 (0.147) 0.89 

  35+ -0.60 (0.311)$ 0.55 -0.66 (0.214)** 0.52 -0.40 (0.228)$ 0.67 

Marital status 

  SingleR 0.00  1.00 0.00  1.00 0.00  1.00 

  Married/cohabit -0.09 (0.199) 0.92 0.03 (0.134) 1.03 0.14 (0.143) 1.15 

Birth order 

  5+R 0.00  1.00 0.00  1.00 0.00  1.00 

  1st birth -0.66 (0.324)* 0.52 -0.36 (0.226) 0.70 -0.16 (0.241) 0.85 

  2-4 -0.22 (0.230) 0.80 -0.20 (0.172) 0.82 -0.05 (0.185) 0.95 

Preceding interval 

  2+ R 0.00  1.00 0.00  1.00 0.00  1.00 

  1st birth -0.66 (0.324)* 0.52 -0.36 (0.226) 0.70 -0.16 (0.241) 0.85 

  <2 years 0.55 (0.206)** 1.73 -0.12 (0.172) 0.89 -0.26 (0.184) 0.77 

Residence 

  UrbanR  0.00  1.00 0.00  1.00 0.00  1.00 

  Rural 0.41 (0.397) 1.50 -0.17 (0.162) 0.85 -0.06 (0.177) 0.94 

Education level 

  NoneR 0.00  1.00 0.00  1.00 0.00  1.00 

  Primary -0.54 (0.180)** 0.58 0.24 (0.153) 1.27 0.41 (0.168)* 1.51 

  Secondary -1.36 (0.327)** 0.26 0.03 (0.182) 1.04 0.46 (0.197)* 1.59 

Wealth quintile 

  PoorestR 0.00  1.00 0.00  1.00 0.00  1.00 

  Poorer -0.68 (0.197)** 0.51 -0.26 (0.168) 0.77 -0.04 (0.184) 0.96 

  Middle -1.28 (0.268)** 0.28 -0.04 (0.174) 0.96 0.38 (0.189)* 1.46 

  Richer -1.32 (0.339)** 0.27 0.36 (0.185)$ 1.43 0.76 (0.199)** 2.14 

  Richest -2.61 (0.846)** 0.07 0.76 (0.232)** 2.13 1.30 (0.248)** 3.65 

Employment 

  None/selfR 

 

0.00  

 

1.00 

 

0.00  

 

1.00 

 

0.00  

 

1.00 

  Employed -0.11 (0.200) 0.89 0.08 (0.117) 1.09 0.09 (0.125) 1.09 

Pregnancy wanted? 

  No/laterR 0.00  1.00 0.00  1.00 0.00  1.00 

  Then -0.34 (0.244) 0.71 0.05 (0.166) 1.06 0.06 (0.177) 1.06 

Random variance Estimate (SE) ICC Estimate (SE) ICC Est. (SE) ICC 

Region 0.27 (0.154)$ 0.06 0.09 (0.046)$ 0.03 0.13 (0.062)* 0.03 

Cluster 1.27 (0.271)** 0.32 0.17 (0.094)$ 0.07 0.26 (0.112)* 0.11 
R – reference category; * - significant at 5% level (p<0.05); ** - significant at 1% level (p<0.01); $ - p<0.1 819 

 820 

821 
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 822 

Table 5: Comparison of adequate ANC risk factor before and during Covid-19  823 

Parameters Before Covid-19  During Covid-19 

Fixed effects Estimate (SE) OR  Estimate (SE) OR 

Const -1.63 (0.465)   -2.33 (0.444) - 

Age group        

  15-24R 0.00  1.00  0.00  1.00 

  25-34 0.15 (0.196) 1.16  -0.46 (0.230)* 0.63 

  35+ -0.28 (0.285) 0.76  -0.75 (0.404)$ 0.47 

Marital status        

  SingleR 0.00  1.00  0.00  1.00 

  Married/cohabiting 0.12 (0.191) 1.13  0.16 (0.217) 1.17 

Birth order        

  1st birth -0.46 (0.317) 0.63  0.07 (0.377) 1.07 

  2-4 0.01 (0.233) 0.99  -0.22 (0.305) 0.80 

  5+R 0.00  1.00  0.00  1.00 

Preceding interval        

  2+ or 1st birthR 0.00  1.00  0.00  1.00 

  <2 years -0.23 (0.229) 0.79  -0.40 (0.314) 0.67 

Residence        

  UrbanR 0.00  1.00  0.00  1.00 

  Rural -0.06 (0.228) 0.94  -0.13 (0.258) 0.88 

Education level        

  NoneR 0.00  1.00  0.00  1.00 

  Primary 0.14 (0.218) 1.15  0.81 (0.266)** 2.25 

  Secondary 0.23 (0.262) 1.26  0.88 (0.302)** 2.42 

Wealth quintile        

  PoorestR 0.00  1.00  0.00  1.00 

  Poorer 0.03 (0.242) 1.03  -0.11 (0.281) 0.89 

  Middle 0.46 (0.249)$ 1.58  0.15 (0.283) 1.16 

  Richer 0.78 (0.267)** 2.18  0.68 (0.295)* 1.98 

  Richest 1.46 (0.325)** 4.31  0.98 (0.375)** 2.67 

Employment        

  No/selfR 0.00  1.00  0.00  1.00 

  Employed: 0.05 (0.161) 1.05  0.18 (0.195) 1.20 

Pregnancy wanted?        

  No /laterR 0.00  1.00  0.00  1.00 

  Then -0.13 (0.235) 0.87  0.24 (0.269) 1.27 

Random variance Estimate (SE) ICC  Estimate (SE) ICC 

Cluster 0.19 (0.165) 0.09  0.20 (0.206) 0.11 

Region 0.14 (0.080) 0.04  0.18 (0.105)$ 0.05 
R – reference category; * - significant at 5% level (p<0.05); ** - significant at 1% level (p<0.01); $ - p<0.1 824 


