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Abstract

Objective: To determine quality of antenatal care (ANC). Most literature focuses on ANC 

attendance and services. Less is known about quality of care (QoC).

Method: Data were analyzed from the 2016 Kigoma Reproductive Health Survey, a population-

based survey of reproductive-aged women. Women with singleton term live births were included 

and principal component analysis (PCA) was used to create an ANC quality index using linear 

combinations of weights of the first principal component. Nineteen variables were selected for the 

index. The index was then used to assign a QoC score for each woman and linear regression used 

to identify factors associated with receiving higher QoC.

Results: A total of 3178 women received some ANC. Variables that explained the most variance 

in the QoC index included: gave urine (0.35); gave blood (0.34); and blood pressure measured 

(0.30). In multivariable linear regression, factors associated with higher QoC included: ANC at a 

hospital (versus dispensary); older age; higher level of education; working outside the home; 

higher socioeconomic status; and having lower parity.
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Conclusion: Using PCA methods, several basic components of ANC including maternal 

physical assessment were identified as important indicators of quality. This approach provides an 

affordable and effective means of evaluating ANC programs.
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1 | INTRODUCTION

Antenatal care (ANC) is critical to promoting the health of mothers and babies. ANC is 

associated with increased birth weight, increased delivery with a skilled attendant, and 

reduced maternal mortality.1

Previously, WHO recommended initiation of ANC by 16 weeks and at least four visits for 

healthy women.2 In 2016, these guidelines were updated and at least eight antenatal contacts 

with the first occurring by 12 weeks of gestation was recommended.3 The revised guidelines 

also recommended a package of 39 services within the realms of nutritional interventions, 

maternal and fetal assessments, preventative measures, interventions for common 

physiologic symptoms, and health systems interventions to improve utilization and quality 

of ANC.3 Despite these guidelines, there remains a lack of consensus regarding what the 

precise make-up and delivery of ANC services should include to promote health and be cost-

effective.3,4

Central to the question of the optimal components of ANC is the quality of the health care 

provided. There are no validated measures of quality of ANC for use in a low-resource 

context5 and it is believed only one instrument has been psychometrically validated in a 

high-resource setting.6 In the absence of standardization, multiple authors have used 

combinations of variables to create indices. Process measures are more easily quantified and 

often used as proxies for quality.7 Of the few studies regarding quality of health care from 

sub-Saharan Africa, the majority have created a simple quality index using unweighted 

averages of a combination of ANC variables.5,8–11 Though simple to implement, equal 

weighting constricts each variable to be as important as every other and does not adjust for 

correlation between variables. A single study from Indonesia used more robust statistical 

methods to attempt to quantify quality of ANC.12

Barriers to participation in ANC in resource-constrained countries include: low educational 

attainment; being unmarried; lower income; higher parity; uncomplicated prior pregnancies; 

undesired pregnancy; and decreased accessibility of health facilities.13–15

The aim of the present study was to add to the available literature by constructing a quality 

index of ANC in a low-resource setting using rigorous statistical methods to identify factors 

that are associated with higher quality of care (QoC).
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2 | MATERIALS AND METHODS

Data for the present study come from the 2016 Kigoma Reproductive Health Survey 

(KRHS), a population-based cross-sectional cluster survey of reproductive-aged women in 

Kigoma Region, Tanzania. The 2016 KRHS enrolled women aged 15–49 years for a face-to-

face interview using a structured questionnaire. Sampling occurred in two stages. First, 

enumeration areas were selected with probability proportional to size. Subsequently, 

households within the selected enumeration area were randomly selected from a listing. The 

KRHS survey instrument included questions on demographic characteristics, reproductive 

health behaviors and attitudes, and knowledge of maternal health services including family 

planning, and perinatal care. A socioeconomic status (SES) variable was computed from 

multiple socioeconomic household variables (durable goods, dwelling characteristics, water 

and sanitation, crowdedness) and terciles were created from the resulting score.16 Interviews 

were conducted in Kiswahili and were completed in 30–60 minutes. Detailed information on 

study background and key findings are publicly available.16 Written consent was obtained 

from participants before the survey interview. Ethical approval was provided by the National 

Institute for Medical Research in Tanzania as one activity in the Maternal and Reproductive 

Health in Tanzania Project.

For the present analysis, women with a singleton term live birth were included. Data from 

only the most recent birth for each woman was used. Stata/SE v14.2 was used for analysis 

(release 14; StataCorp LP, College Station, TX, USA). First, principal component analysis 

(PCA) was used to create an ANC quality index using the first component loading. PCA is a 

multivariate statistical technique that uses correlation between multiple variables to create 

constructs (“components”) to attempt to identify a subset of variables that collectively 

represent an underlying construct (e.g. quality of ANC) that cannot be measured directly. 

The technique collapses a larger number of partially correlated variables into fewer 

uncorrelated components.17 Variables included in the index were chosen a priori on the basis 

of their inclusion in the WHO framework of essential components of ANC (Table 1).1 On 

each component, a load was calculated for each of the input variables. The sign of the load 

was used to assess positive or negative correlation between that variable and the component. 

The magnitude of the load was used to assess the contribution of the variable to the given 

component.

Each woman’s quality of ANC score was then estimated from the PCA. For ease of 

interpretation, each quality score was multiplied by 100 and quartiles computed.

The first principal component was theorized to represent quality of ANC. This assumption 

was tested by examining the direction of the loadings for logical consistency and whether a 

higher score on the QoC index predicted delivery in a health facility. Logistic regression 

modeling was used with facility-based delivery as a binary outcome and quartile of ANC 

score as an independent variable that was forced to remain in the model. A change in 

estimate approach was used for model construction.18 All variables with P<0.200 in 

bivariate analysis were entered into a full model. Individually, non-significant variables 

(P<0.050) were removed from the model but retained if any of the remaining estimates 

changed by more than 10%. The sampling weights were computed using the inverse of the 
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total probability of selecting a woman in a household and incorporated into the logistic 

regression model.

Finally, multivariable linear regression modeling was used to identify factors associated with 

higher quality ANC score. Model selection was performed using the same method described 

above for the logistic model and sampling weights were used to account for complex survey 

design. Goodness-of-fit of the linear model was assessed using the R2, plot of residuals, and 

linktest command in Stata.19 Use of sampling weights excluded estimation of some 

regression diagnostic parameters but also provided robustness to model misspecification.20

3 | RESULTS

A total of 6630 households were interviewed from July to September 2016 and 94% of the 

7506 eligible women residing in these households completed questionnaires. Of these, 3216 

(43%) women had live births in the 5 years preceding the study interview and nearly all 

(3178, 99%) of these women had some ANC and were therefore included in the analysis. 

The median age was 28 years (interquartile range [IQR] 23–35). Only 197 (6%) had 

completed more education than primary school and 1035 (33%) received income (money or 

goods) for work outside the home in the previous year. Most (2732, 86%) were married or 

living as married with their partner. Other characteristics of participants are listed in Table 2.

Nineteen variables selected a priori as related to quality of ANC were used in the PCA 

model (Table 1). There was considerable variation in prevalence of these variables in the 

sample: over 90% of women were tested for HIV and weighed at least once during ANC, 

whereas less than half initiated care by 4 months of pregnancy, had four or more ANC visits, 

or had their blood pressure checked.

Of the 19 variables entered into the full model, all except entry into ANC by the fourth 

month of pregnancy were positive, indicating positive correlation with quality of ANC score. 

The variables with the highest loadings on the first component included ever giving a urine 

or blood sample (0.35 and 0.34, respectively), having blood pressure or height measured at 

least once (0.30 and 0.27, respectively), being tested for HIV (0.26), and being advised to 

develop a birth plan (0.24). Variables with the lowest absolute value of the loading included 

receiving a tetanus vaccination (0.07) and being advised to identify a blood donor (0.11).

ANC quality scores were predicted for each participant from the PCA and multiplied by 

100. The median value of the transformed score was 25 (IQR 115–138) and was left-skewed 

(Fig. 1).

As a robustness check, it was determined whether the resulting ANC quality score was 

associated with facility-based delivery. In multivariable logistic regression modeling, ANC 

quality score predicted delivery in a health facility. Controlling for confounders, with the 

lowest quartile as the reference group, the second, third, and highest quartile had 2.00, 3.27, 

and 5.83 higher odds, respectively, of delivery in a health facility (P<0.001 for each group) 

(Table 3).
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Finally, in multivariable linear regression modeling with ANC quality score as the outcome, 

having received ANC in a hospital (versus dispensary), increasing age, working outside the 

home in the previous year, higher socioeconomic status, and lower numbers of live births 

were all associated with higher ANC quality score (Table 3). There was a statistically 

significant interaction between level of education and participation in religious services at 

least weekly. In comparison to women who completed primary school and attended religious 

services at least weekly, those with no education had lower scores, regardless of attendance 

at religious services. By contrast, of the women who received more than a primary 

education, only those who also attended weekly services had a higher score. There were no 

other significant interaction terms.

Model R2 was 0.14. On assessment of residuals, graphically they appeared approximately 

normally distributed but slightly right-skewed without severe outliers (Fig. 2). Link test 

revealed non-significant prediction squared, indicating adequate model specification.

4 | DISCUSSION

The present study utilized a robust statistical technique with existing data to create a 

measure of ANC quality in a low-resource setting and used this measure to identify factors 

associated with higher quality of ANC score. It was found that multiple basic services, 

including providing a urine and blood sample and having blood pressure checked, were most 

associated with higher quality ANC score. Number of visits and timing of initiation of care, 

having height and weight measured, being tested for HIV, receiving malarial prophylaxis, 

and reporting receiving key counseling messages about pregnancy complications and birth 

preparation were also important components of quality. Conversely, receiving a tetanus 

vaccination, receiving counseling about family planning, and sleeping under a mosquito net 

were less related to quality of ANC score. This mix of variables differs somewhat from a 

study12 constructing a quality index using Demographic and Health Survey (DHS) data from 

Indonesia, which found counseling messages, especially advice related to pregnancy 

complications and discussion of transportation and place and payment for delivery, had the 

highest loadings on a quality index. This difference highlights that the mix of individual 

variables included in a PCA quality model will be unique for each dataset and will vary by 

region and practice environment. Nevertheless, the PCA methodology may be applied in 

each individual circumstance to derive quality estimates.

The present analysis goes beyond isolated components of the provision of ANC to consider 

the larger context of individual, correlated elements. This method may be an inexpensive and 

comparatively simple way for government and program officials to use existing data to 

follow quality of ANC at the national or sub-national level. Although some statistical 

expertise would be required for implementation, most low- and middle-income countries 

have conducted and analyzed DHS data, which routinely use PCA in the estimation of the 

wealth index, a key background variable. Furthermore, PCA may be implemented in major 

statistical packages including SAS, Stata, and SPSS.

The prevalence of the individual quality indicators was variable. Nearly all women report 

being tested for HIV at least once, but only one-quarter of women both initiated care by 4 
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months and had at least four visits. Just half of women ever had their blood pressure checked 

and one-third were advised to identify transport at the time of delivery. Factors identified as 

having a positive association with ANC quality score included having higher SES and 

working outside the home. A lower level of education was associated with a lower quality 

score, but higher educational attainment was only associated with a higher quality score 

among the subset of women who attended religious services weekly. Previous studies21,22 

have found religious affiliation to be associated with utilization of ANC or facility-based 

delivery but such studies do not typically take into account frequency of attendance. A 

recent analysis23 of quality of ANC in 91 low- and middle-income countries defined quality 

as having blood pressure checked and receiving blood and urine testing. In that analysis, 

among women in low-income countries, 85% had blood pressure measured, 72% had blood 

sample taken, and 62% had urine samples taken. The authors found sub-national region, 

urban/rural residence, maternal age and education, and number of ANC visits accounted for 

much of the variation in QoC. These data and those of the present study indicate 

opportunities for improvement on basic, fundamental components of ANC and highlight 

important contributions to variation in quality.

In 2016, WHO published comprehensive recommendations for ANC3 that were adopted by 

the Tanzanian Ministry of Health in 2018.24 A number of the recommended interventions (or 

a proxy)— including HIV screening, provision of malaria prophylaxis, screening for 

asymptomatic bacteriuria, measurement of hemoglobin, and provision of tetanus vaccine—

were included in the quality index in the present study and all of these, with the exception of 

tetanus vaccination, were predictive of a higher quality score.

The updated guidance also recommended eight ANC visits. We chose to use the previous 

recommendation of four visits because 75% of the births in the present study occurred 

before the updated guidance and less than 1% of women in the sample had eight or more 

contacts. In a comment published in The Lancet, Weeks and Temmerman25 suggest, 

especially in resource-constrained settings, there may be a tension between implementing an 

aspirational recommendation (such as eight contacts) and improving quality, which is less 

tangible. There will be continued opportunity to understand how each of these 

recommendations from WHO contribute to QoC and the methods in the present study could 

assist policy makers determine their utility in individual settings.

The present study has several limitations. The primary data collection tool did not include 

data on all ANC components recommended by WHO. All measures of quality were process 

measures and were self-reported. The proportion of variance explained by the first 

component was modest at 14%. However, this may be reasonable in light of typical R2 

values obtained for PCA utilized in other common scenarios. For example, in a review26 of 

PCA for creating SES indices, the first component explained 12%–27% of the total 

variation. Further, the construction of the quality index assumes the first component 

represents QoC and this cannot be tested empirically, although the PCA model did have 

logical consistency (with signs of all loadings in the anticipated direction) and was 

associated with delivery in a health facility. Finally, any index or global measure will 

necessarily be a simplification of the true underlying construct of quality, which is complex 
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and multifaceted. Nevertheless, the current formulation hopes to improve on even more 

simplistic earlier representations of ANC quality.

Strengths include the population-based sample and use of data comparable to that collected 

in the DHS and therefore potentially applicable to a wide range of settings.

Overall, the results from the present study highlight the opportunity to improve ANC and the 

opportunity to address QoC as a whole rather than as merely discrete components. In a 

population-based sample of women in western Tanzania, basic components of ANC were 

identified as drivers of quality. High-quality ANC is one important component in the effort 

to improve perinatal outcomes for mothers and babies.
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FIGURE 1. 
Distribution of transformed quality of care score from principal component analysis.
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FIGURE 2. 
Kernel density estimate.
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TABLE 2

Unweighted characteristics of study population (n=3178).

Variable

Age (years) 28 (23–35)

Education

 <Primary 907 (29)

 Primary 2074 (65)

 >Primary 197 (6)

Worked outside the home 1035 (33)

Married/living as married 2732 (86)

Husband/partner is health decision maker 1257 (40)

Live births 4 (2–6)

Location of ANC

 Hospital 217 (7)

 Health center 453 (14)

 Dispensary 2457 (78)

 Other 30 (1)

Delivered in a health facility 1935 (61)

Attend religious services weekly or more frequently 2580 (81)

Source of water

 Public tap 662 (21)

 Well 863 (27)

 Surface water 1343 (42)

 Other 310 (10)

Distance to water

 On site/<10 min 669 (21)

 10 to <30 min 1002 (32)

 30 to <60 min 846 (27)

 +60 min 661 (21)

Electricity in the home 542 (17)

Owns a mobile phone 2037 (64)

Abbreviations: ANC, antenatal care; IQR, interquartile range.

a
Values are given as number (percentage) or median (IQR).
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