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ABSTRACT

Background: To assess the reproductive, maternal, newborn and child health (RMNCH) service coverage
in Vietnam with trends in 2000—2014, projections and probability of achieving targets in 2030 at na-
tional and sub-national levels; and to analyze the socioeconomic, regional and urban-rural inequalities in
RMNCH service indicators.

Methods: We used national population-based datasets of 44,624 households in Vietnam from 2000 to
2014. We applied Bayesian regression models to estimate the trends in and projections of RMNCH in-
dicators and the probabilities of achieving the 2030 targets. Using the relative index, slope index, and
concentration index of inequality, we examined the patterns and trends in RMINCH coverage inequality.

Findings: We projected that 9 out of 17 health service indicators (53%) would likely achieve the 2030
targets at the national level, including at least one and four ANC visits, BCG immunization, access to
improved water and adequate sanitation, institutional delivery, skilled birth attendance, care-seeking for
pneumonia, and ARI treatment. We observed very low coverages and zero chance of achieving the 2030
targets at national and sub-national levels in early initiation and exclusive breastfeeding, family planning
needs satisfied, and oral rehydration therapy. The most deprived households living in rural areas and the
Northwest, Northeast, North Central, Central Highlands, and Mekong River Delta regions would not reach
the 80% immunization coverage of DPT3, Polio3, Measles and full immunization. We found socioeconomic,
regional, and urban-rural inequalities in all RMNCH indicators in 2014 and no change in inequalities over
15 years in the lowest-coverage indicators.

Interpretation: Vietnam has made substantial progress toward UHC. By improving the government's
health system reform efforts, re-allocating resources focusing on people in the most impoverished rural
regions, and restructuring and enhancing current health programs, Vietnam can achieve the UHC targets
and other health-related SDGs.
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Research in context

Evidence before this study

We systematically searched PubMed for literature and re-
search published in any language before January 1, 2021,
about assessing Reproductive, maternal, newborn, and child
health (RMNCH) service and progress toward Universal
Health Coverage (UHC) in Vietnam. We found none study in-
vestigated the trends in and projections of RMNCH service
coverage in Vietnam with national and sub-national levels
and calculated the probability of reaching the 2030 targets.
Also, none provided a comprehensive analysis of estimations,
patterns, and trends in RMNCH service coverage inequalities
between socioeconomic groups, living areas, and regional lev-
els.

Added value of this study

This study is the first and most comprehensive study pro-
viding reliable estimates of RMNCH indicators for Vietnam,
using multiple nationally representative surveys to the best
of our knowledge. We used a Bayesian approach to present
trends in and projections of RMNCH service coverage and
the probabilities of achieving the 2030 targets, along with
comprehensive inequality analyses. The overall coverage of
prevention and treatment composite indices have both been
significantly increasing from 2000 to 2014. Most indicators
are projected to achieve the 2030 targets at the national
level. However, we found decreasing trends in health-related
behaviours of families and mothers with shallow coverage
levels, which unlikely to reach the targets in 2030. Several
health indicators and access to health services are more con-
centrated among the wealthiest than the poorest, with more
significant gaps in rural than urban areas, showing that in-
equalities still exist. Additionally, our analyses suggest some
regions lag and need to pay more attention and resources to
maternal and child health in Vietnam.

Implications of all the available evidence

Our findings indicated that although Vietnam is mov-
ing toward UHC, maternal and child health and inequali-
ties in healthcare coverage might pose barriers to achieve
global UHC targets by 2030. Supportive policies are needed
for improving women’s empowerment and gender equality,
focusing on the most impoverished rural people. The Viet-
namese government must continue to improve and reform
the healthcare system, re-allocate resources focusing on lag-
ging localities and evaluate and enhance current health pro-
grams and interventions.

1. Background

Achieving Universal health coverage (UHC) is a global health
priority and plays a central role in achieving other health-related
targets in the Sustainable Development Goals (SDGs).! The UHC
targets include at least 80% population in each country covered
for essential health services regardless of social-economic status
or place of residence.2 World Health Organization (WHO) and the
World Bank have developed a framework to monitor UHC progress,
which measures expanded health services coverage and financial
protection.> Nevertheless, to accomplish the commitments to-
ward health for all,* each country should develop its plans and
approaches to UHC, considering specific national social, economic,
and political circumstances.

Women, newborns and children can experience particular diffi-
culties in accessing quality care and financial protection.” Primary
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healthcare, including reproductive, maternal, newborn and child
health (RMNCH) services, are a critical part of the UHC frame-
work with essential reproductive health services, care for pregnant
women, preventive and curative interventions for newborns and
children. Monitoring RMNCH service coverage in both national
and sub-national groups plays a critical role in supporting govern-
ment and policymakers in their efforts toward UHC progress. Viet-
nam was a "fast-track country” for health-related outcomes in the
Millennium Development Goals (MDGs), given its comparatively
low socioeconomic development. However, it faces difficulties and
challenges in achieving UHC and health equity due to rapid demo-
graphic and social transition.” According to World Bank’s report,
poor people are more likely to be ill and less likely to receive bene-
fits from Vietnam’s healthcare system.® Previous analysis has iden-
tified inequities in health in Vietnam in multiple dimensions, in-
cluding socioeconomic status and place of residence.” Additionally,
Vietnam has 63 provinces with diverse demographic, geographic,
and socioeconomic characteristics, grouped into eight regions. This
regional and provincial diversity might associate with significant
geographical health inequalities.’® Monitoring and measuring these
inequalities in RMINCH by socioeconomic status, regional level and
living area are essential to achieving UHC in Vietnam. This will en-
sure not only appropriate resource allocation but also that disad-
vantaged populations are not left behind.

Previously, progress toward UHC in Vietnam has only been as-
sessed superficially as part of multi-country analyses.'!-12 However,
a specific approach to comprehensive and informative measure-
ments is required for a particular country using disaggregated data.
Additionally, no previous study has presented national and sub-
national trends in and projections of RMNCH indicators in Vietham
to 2030, neither offered comprehensive inequality analyses in mul-
tiple dimensions. This study investigated trends in and projections
of RMNCH service coverage in Vietnam up to 2030 at national and
sub-national levels and estimated the probability of achieving UHC
targets by 2030. We also provided a comprehensive analysis of
socioeconomic, regional, and urban-rural inequalities and changes
from 2000-2014 to monitor RMNCH service coverage inequalities.

2. Methods
2.1. Data sources

We performed secondary data analysis using nationally rep-
resentative household surveys, including the Demographic and
Household Surveys (DHS) and Multiple Indicator Cluster Surveys
(MICS). Finally, we included 44,624 households from five datasets
from 2000 to 2014 (Supplementary Table S1). All selected data are
open access, and ethical approval is not required.

2.2. Measurement of outcomes

All health service coverage indicators and inequality indices
were measured using sampling weights and survey designs accord-
ing to guidance of analysing data from DHS and MICS, and rec-
ommendations from World Health Organization (WHO) and World
Bank.2-13.14

2.3. RMNCH service coverage

We selected RMNCH service indicators based on data availabil-
ity and consistency with previous studies.”” The final indicator
set included 12 prevention indicators and five treatment indica-
tors (Supplementary Table S2). We estimated the composite pre-
vention and treatment indices as the weighted mean of prevention
and treatment indicators, respectively, using random-effects meta-
analysis.’6 We compared these results with the arithmetic mean
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proportions commonly used as an alternative measurement of cov-
erage,”>17 and with geometric mean proportions recently used by
the WHO.? There were no notable differences among these meth-
ods (Supplementary Table S6, S7, S8). Following the previous for-
mula of composite coverage, service coverage and SDG 3+8+1, and
under the country context, we measured the health service cover-
age index by an equally weighted geometric average of prevention
and treatment indicators.'?18

2.4. Inequality estimations

We performed a comprehensive analysis of socioeconomic, re-
gional and urban-rural inequalities. Using regression-based meth-
ods, we calculated the relative index of inequality (RII), the slope
index of inequality (SII), and the concentration index (Cnl) to eval-
uate the degree of inequality between poor and wealthy house-
holds.’® The RII and SII correspond to the ratio and the absolute
difference in predicted values of a health indicator between house-
holds in the top and bottom of socioeconomic status, while the
Cnl indicates the extent to which a health indicator is concentrated
among the poorer or the richer groups.'” We conducted the same
analysis to measure regional and rural-urban inequalities. We eval-
uated the patterns of inequality by using plots of wealth quintile-
specific coverage based on previous works (Supplementary Meth-
ods).

2.5. Changes in inequalities

We estimated the difference of inequalities between two time
points (the year 2014 and 2000) in three dimensions of relative
terms (RII), absolute terms (SII), and magnitude (Cnl). We com-
puted the 95% Confidence Intervals (Cls) and p-value of the dif-
ferences in RII, SII and Cnl using each parameter’s standard error.
An indicator with statistically significant changes (p-value<0+05) in
all three inequality measures was considered as having changes in
inequality over 15 years.

2.6. Statistical analysis

We applied the Bayesian statistics, which required a choice of
coefficient priors and provided the posterior predictive distribu-
tions, for calculating the probabilities of achieving targets, which
are unobtainable from standard frequentist regression models.?® To
investigate national trends in RMNCH service coverage, we used
Bayesian linear regression models at aggregate unit of national
levels with logit transformed values of RMNCH service coverages
as the dependent variables and survey year as the covariate. In
models that were disaggregated by wealth quintile or living areas,
we also tested the inclusion of interaction terms between wealth
index (or living areas) and survey year using the leave-one-out
cross-validation method (Supplementary Table S3, S4). We applied
Bayesian mixed-effect models to evaluate the variations between
sub-national levels (regions) over time, as described elsewhere,?!
with random slope tested (Supplementary Table S5). We fitted 182
Bayesian models using the Markov Chain Monte Carlo (MCMC) al-
gorithm with 5000 samples, two chains, 1000 iterations burn-in,
and 2x thinning for each. MCMC was diagnosed using trace plots
and the potential scale reduction factor.2? From the fitted Bayesian
models, we extracted posterior predictive distributions to estimate
the probability of achieving UHC targets for all indicators and their
95% credible intervals (Crl) and the average annual percentage of
change over the period. We applied a threshold of 80% coverage to
define the UHC target achievement. We performed all the analyses
using R and implemented Bayesian models in Stan via the brms
package.??
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2.7. Role of the funding source

The authors did not receive any funds for conducting this study.
PTN, SG, HVN, MVH, and LQK had access to the raw data. PTN had
full access to all the data and had final responsibility for submit-
ting the manuscript for publication.

3. Results

Figure 1 shows the trends in composite RMNCH service cover-
age at national and sub-national levels from 2000 and projections
to 2030. We predicted RMNCH service coverage would reach the
80% target by 2030 at the national level and most of the wealth
quintiles, except the poorest. We observed a gap in coverage be-
tween urban and rural areas in 2000 with its narrowing over time.
Three regions of Northwest, Central Highlands and Northeast were
projected having the lowest coverages in 2030, and the Northwest
will not reach the 2030 targets. Those results are observed sim-
ilarly in both composite prevention and treatment indices at na-
tional and wealth quintile levels (Supplementary Figure S1, S2).
The sensitivity analysis of composite methods showed compara-
ble results between meta-analysis random-effects, geometric mean,
and arithmetic mean methods at wealth quintiles, living areas, and
regional levels (Supplementary Table S6, S7, S8). Trends in and pro-
jections of all RMNCH service indicators to 2030 at national and
sub-national levels are in Supplementary Figure S3-519.

Table 1 presented the national coverage of RMNCH indicators
from 2000 to 2030 with both observed coverages (2000 and 2014)
and projections (2020 and 2030). We observed very high proba-
bilities (90%-100%) of achieving 2030 targets in 5/12 (42%) pre-
vention indicators of at least one ANC (ANC1), at least four ANC
(ANC4), BCG immunization, improved water, and adequate sanita-
tion, and 4/5 (80%) treatment indicators of institutional delivery,
skilled birth attendance (SBA), care-seeking for pneumonia (CSP),
and ARI treatment. In contrast, we predicted 0% probability of
achieving the 2030 target for early initiation of breastfeeding (EIBF)
and exclusive breastfeeding (EBF), family planning needs satisfied
(FPNS), full immunization and oral rehydration therapy (ORT) at
national and all sub-national (socioeconomic, regional, and urban-
rural) levels (Supplementary Table S10, S12, S14). EIBF, FPNS and
ORT showed decreasing trends with a negative average annual per-
centage of change (AAPC) from 2000 to 2030. The AAPC of all RM-
NCH service coverages in three sub-periods of 2000-2010, 2010-
2020, and 2020-2030 are in Supplementary Table S15.

Figure 2 shows estimates of RMNCH service coverage at
quintile-specific levels in the year 2000 and 2014 and projections
to 2030. Three prevention indicators (ANC1, BCG, and access to
improved water) and four treatment indicators (institutional de-
livery, SBA, CSP, and ARI treatment) will reach the 2030 targets
across all quintiles. Although most indicators will reach the targets
at the national level, there are substantial coverage gaps between
socioeconomic groups with no achievement for the poorest quin-
tile. Figure 3 presents RMNCH service coverages in eight regions
in the years 2014 and 2030. The Northwest and Central highlands
regions had the lowest coverages in most indicators in 2014 and
2030. We project that Northwest, Central Highlands, Northeast,
and North Central regions will not reach the 2030 target in immu-
nization indicators (DPT3, Polio3, Measles and Full immunization).
The Mekong River Delta will not reach 80% coverage of DPT3 by
2030 (Supplementary Figure S20). Observed coverages of all indi-
cators stratified by wealth quintiles, living areas and regional levels
are in Supplementary Tables S9, S11, and S13, respectively.

Table 2 describes the comprehensive inequality analyses of all
RMNCH service indicators in 2014 with socioeconomic, regional
and urban-rural inequalities. We observed statistically significant
socioeconomic inequalities in most indicators in all three indices
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Figure 1. Trends in and projections of RMNCH health service coverage in Vietnam at the national level and sub-national levels, 2000-2030

Notes: The coloured dots are the observed coverages; The solid lines are the estimated trends to 2014; The dashed lines are the projected trends in future from 2014; The
shaded areas are the 95% Credible Intervals; the horizontal dotted lines present the UHC target of 80%; Top-left figure shows national coverage; Top-right figure shows
coverage by living areas; Bottom-left figure shows coverage by wealth quintiles; Bottom-right figure shows coverage by regional levels.

of inequality (RII, SII, and Cnl), except FPNS and CSP. All indicators
showed higher concentrations of service coverage among wealth-
ier groups, excluding EIBF and EBF. At least four ANC visits (ANC4)
had the most significant gap between socioeconomic levels with
RII of 252 (95% CI: 228—2+79), SII of 7141 (65-52—77+31), and
Cnl of 0-19 (0-17—0-20). All RMNCH indicators experienced statisti-
cally significant regional inequalities with an enormous difference
observed in exclusive breastfeeding with RII, SII and Cnl of 526
(2.63-10+54), 3397 (21-88—46+05), and 0-27 (0-16—0+37), respec-
tively. We observed lower levels of urban-rural inequalities with
the highest RII, SII, and Cnl in ORT of 246 (1.25-4-83), 29:32
(5-89-52+74), and 010 (0-02— 0-18), respectively. The compre-
hensive inequality analyses of all RMNCH service indicators in all
survey years (2000 to 2014) are in Supplementary Table S16. A
sub-analysis of socioeconomic inequalities stratified by living ar-
eas is presented in Supplementary Table S17, with higher socioe-

conomic inequalities in rural areas than in urban areas in most
indicators.

The patterns of socioeconomic inequality in RMNCH service
coverage are shown in Figure 2. In 2000, most indicators showed
linear patterns (or queuing), except for ANC4. In 2014, there were
tremendous transformations in most indicators with bottom in-
equality patterns. We predicted the year 2030 would end up with
bottom inequality patterns among 7/11 (63+6%) prevention indica-
tors. Figure 4 shows the RMNCH service indicators with statisti-
cally significant changes in all three indices (RII, SII, Cnl) of socioe-
conomic, regional and urban-rural inequalities from 2000-2014,
omitting non-significant indicators for simplicity. We found that
adequate sanitation, Polio3, and SBA had the highest reductions in
all socioeconomic, regional and urban-rural inequalities in a com-
bination of relative, absolute and magnitude terms. Detailed esti-
mates of changes in inequalities for all RMNCH service indicators
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Table 1

RMNCH service coverage in Vietnam from 2000-2030, and probability of achieving the 2030 targets
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Indicators

Prevention Indicators

At least one ANC visit

At least four ANC visit
Exclusive breastfeeding
Early initiation of breastfeeding
Family planning needs satisfied
BCG immunization

DPT3 immunization

Polio3 immunization
Measles immunization

Full immunization
Improved Water

Adequate sanitation
Treatment Indicators
Institutional delivery
Skilled birth attendance
Care seeking for pneumonia
ARI treatment

Oral rehydration therapy
Composite Indicators
Composite Prevention
Composite Treatment
Composite Coverage

Observed coverages in percent(95% CI) Predicted coverages in percent(95% Crl) AAPC from Probability
Year 2000 Year 2014 Year 2020 Year 2030 2000-2030(95% Crl) (r;&)‘d‘ target
69+6 (657 to 73+3) 945 (93+3 to 95+6) 97-3 (96+6 to 98:0) 99:2 (98+7 to 99+5) 0+7 (0+6 to 0+8) 100-0
2946 (27+2 to 32:1)f  69:9 (675 to 72+2) 836 (81+4 to 85:6)  95-4 (940 to 96+4)  2+4 (23 to 2+5) 100-0
181 (14+1 to 22:9) 207 (17-1 to 249)  21+6 (165 to 27-2) 263 (16+7 to 37-7) 04 (0+0 to 0-9) 00
59.8 (57.2 to 62.4)f  41.6 (39.2 to 442)  39.5 (362 to 42.7)  33.1 (28.0 to 38.6)  -0.7 (-0.9 to -0.4) 0.0
72:4 (711 to 73-8)f 625 (612 to 63+8) 569 (55+0 to 58:7)  47+4 (43+8 to 51-0)  -0+9 (-1-0 to -0-7) 0-0
86-2 (831 to 88:9)  95+5 (939 to 96-8) 959 (94-3 to 97-1)  97-8 (962 to 98:8)  0-4 (0-3 to 0-5) 100-0
50-2 (46+0 to 54-4) 759 (728 to 78+8)  70-8 (668 to 74+4) 765 (70-3 to 81+7)  0+6 (0+4 to 0-9) 10-1
50-4 (462 to 54:6) 843 (816 to 86+7) 737 (69+9 to 77-1)  80+7 (753 to 85:2)  0-8 (0+6 to 1-1) 61-4
69-1 (65+1 to 72:9)  81-9 (791 to 84+4) 790 (75-3 to 82:4)  81+6 (757 to 86+4)  0-3 (0-0 to 0-5) 70-8
35.1 (31+2 t0 39:2)  67-3 (639 to 70-5) 610 (56+7 to 65-1)  68+6 (61+4 to 74+7)  0+8 (05 to 1-1) 00
68+7 (68+3 to 69:2) 91:9 (9146 to 92-1) 95+2 (95+1 to 95+4) 98:2 (98+1 to 98+3) 08 (08 to 0+8) 100-0
39:5 (39:0 to 40-0)  80-4 (80-0 to 80-8) 883 (88+0 to 886)  95-1 (949 t0 95:3)  1+4 (1+4 to 1-4) 100-0
796 (77+4 to 81+7)F 911 (89+5 to 92+4) 943 (93+1 to 95-4)  97+6 (96+6 to 98+4)  0-8 (0+7 to 0-9) 1000
61-3 (57+1 to 65:3)  92¢2 (90+7 to 93+4) 949 (93+8 to 95-8)  98-1 (974 to 98:7)  0-9 (0-8 to 1-0) 100-0
62+6 (57-2 to 67-7) 8646 (79+6 to 91+5) 890 (82+9 to 933)  93-8 (870 to 97-2)  0-8 (05 to 1-0) 99.9
503 (43+3 to 57+2)f  82:7 (752 to 88:3) 915 (84+9 to 95:6)  98+4 (94:8 t0 99:6)  2+4 (19 to 2+8) 100-0
54:2 (490 to 59+4)  30+0 (252 to 35:3) 219 (17:2 to 27-3)  11+7 (7+4 to 17+7) -1:5 (-1+7 to -1:2) 00
54+6 (489 t0 60-2)  77+1 (728 to 80+9)  78+6 (74+0 to 82+8)  85+4 (790 to 90-1)  0+9 (0+6 to 1-1) 95.3
59¢5 (541 to 64-7) 78+7 (70+8 to 85+0) 821 (74+9 to 88-1) 88+4 (79+3 to 94-1) 049 (05 to 1-2) 96+5
55:6 (499 to 61:2)  78+0 (700 to 84<3)  80+6 (72+9 to 86+4)  87+6 (778 to 93+4)  1:0 (05 to 1-3) 93.9

Notes: The WHO's targets for Universal Health Coverage are by 2030 at least 80% health-services coverage for the entire population of a country, regardless of wealth
status, place of residence or gender; T Data in the year 2002 was used due to unavailable data for 2000; f Data in the year 2006 was used due to the unavailable data
for 2000; AAPC=Average annual percentage change; ANC=Antenatal care; DPT=Three doses of diphtheria, pertussis, tetanus vaccine; BCG=Bacillus Calmette-Guérin vaccine;
Polio3=Three doses of polio vaccine; ARI=Acute Respiratory Infections; The observed coverages during 2000-2014 were calculated based on the original datasets.
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Figure 2. Health service coverage in Vietnam in the year 2000 and 2014 (observed) and year 2030 (projection) at wealth quintile levels

Notes: The coloured shapes are the estimated and projected values for wealth quintile levels; the horizontal axis shows coverage scales from 0 - 100%; the horizontal
dotted lines present the UHC target of 80% coverage; T coverage in the year 2002 was used due to unavailable data for 2000; i coverage in the year 2006 was used due to
unavailable data for 2000; * Observed coverages;



Table 2
Inequality of RMNCH service coverage in Vietnam in year 2014

Indicators

Socioeconomic Inequality
RII (95% CI)

Sl (95% Cl)

Cnl (95% CI)

Regional Inequality
RII (95% CI)

SIi (95% Cl)

Cnl (95% CI)

Urban-Rural Inequality
RII (95% CI)

SII (95% CI)

Cnl (95% CI)

Prevention Indicators
At least one ANC visit
At least four ANC visit
Exclusive breastfeeding
Early initiation of
breastfeeding

Family planning needs
satisfied

BCG immunization
DPT3 immunization
Polio3 immunization
Measles immunization
Full immunization
Improved Water
Adequate sanitation
Treatment Indicators
Institutional delivery
Skilled birth attendance
Care seeking for
pneumonia

ARI treatment

Oral rehydration therapy

1414 (111 to 1-18)%**
2452 (2:28 to 2:79)***
0:27 (0+14 to 055)***
070 (0+56 to 0-86)***

0-94 (0+88 to 1+02)

1412 (1408 to 1+17)***
149 (1:30 to 1-70)***
1434 (1:21 to 1+48)***
128 (1+15 to 1+43)%**
160 (1+35 to 1+90)***
1425 (1+24 to 1:26)***
1484 (182 to 1.87)**

1427 (1422 to 1:33)%*
123 (1419 to 1-28)***
125 (100 to 1+56)

1435 (1:05 to 1-75)*
2275 (1450 to 5-04)***

13:26 (10-35 to 16+17)%**
71441 (65+52 to 77:31)F**

22463 (-35+82 0 -9-44)***
1561 (-24+42 t0 -6+80)***

3445 (-8:02 to 1+13)

11436 (776 to 14-96)***

31482 (21490 to 41+74)%**
25:84 (17+66 to 34+01)***
21446 (12+36 to 30-57)%**
33.94 (2282 to 45-05)***
2109 (2041 to 21+76)***
53:97 (5303 to 54:92)***

23400 (19+44 to 26+57)***
2009 (16+73 to 23-46)***
19:58 (042 to 38-73)*

2590 (4+71 to 47-09)*
2963 (1098 to 48-29)**

0:04 (003 to 0-05)***
0+19 (0+17 to 0-20)%**
020 (-0-30 to -0-09)***
-0+06 (-0-09 to -0-03)***

-0+01 (-0+02 to 0+00)

0-03 (0+02 to 0-04)***
0-07 (0+05 to 0-10)***
0-06 (0+05 to 0-08)***
0-05 (0+03 to 0:07)***
0-09 (0+06 to 0-11)***
0:05 (0+05 to 0-06)***
0+16 (015 to 0+16)***

0:07 (0+06 to 0-08)***
006 (005 to 0-07)%**
004 (-0+00 to 0-08)

006 (0+01 to 0-10)*
015 (0-06 to 0-24)***

1413 (1+10 to 1-16)***
208 (1+87 to 2:31)***
526 (2463 to 10-54)***
147 (1419 to 1:81)%**

1415 (107 to 1:24)%**

1410 (1407 to 1-14)***
152 (133 to 1+73)***
138 (125 to 1+51)%**
140 (126 to 1+55)**
170 (1+44 to 2:00)***
121 (1420 to 1:22)%**
1467 (1+65 to 1+70)***

1424 (1419 to 1+29)%**
121 (1416 to 1:25)%**
140 (120 to 1+65)***

1456 (1:30 to 1-89)***
2:64 (1444 to 4+85)**

12:01 (9+52 to 14+50)***
54452 (47+62 to 61+41)F**
33497 (21+88 to 46+05)***
16428 (7+56 to 24+99)***

8:87 (4+35 to 13-39)%**

9:69 (6+59 to 12+79)***

32.75 (23406 to 42-43)%**
2781 (2009 to 35:52)***
2818 (19+69 to 36+67)***
36476 (2595 to 47+57)%**
17:85 (17+14 to 18+56)%**
44:13 (43413 to 45-13)F**

20463 (17+19 to 24-08)***
1791 (14+67 to 21+16)***
31406 (18+06 to 44+06)***

3898 (24+44 o 53-52)***
31411 (14+07 to 48-14)%**

0:04 (003 to 0-04)***
0-14 (0+12 to 0+15)***
0:27 (0+16 to 0-37)***
006 (003 to 0-10)***

0:02 (0+01 to 0-03)***

0-02 (0+01 to 0-03)***
0-07 (0+05 to 0-10)***
0-06 (0+04 to 0-08)***
0-06 (0+04 to 0-08)***
0-09 (0+06 to 0-12)***
0-03 (0+03 to 0:03)***
0+10 (010 to 0-11)***

006 (005 to 0-07)%**
005 (0+05 to 0-06)***
0-08 (004 to 0+12)***

008 (004 to 0-12)***
016 (0-06 to 0-26)***

1415 (1+10 to 1:20)***
1479 (1+58 to 2:03)***
0-44 (019 to 1-03)

0+62 (048 to 0-81)***

0-89 (0+82 to 0-97)*

1413 (1407 to 1-19)***
1417 (1+00 to 137)
124 (1+11 to 1+39)***
1:02 (089 to 1+17)
1:08 (089 to 1+32)
1023 (1022 to 1:25)%**
1462 (1:59 to 1-65)%**

1428 (1:21 to 1-35)%%*
1:24 (1418 to 1:30)%**
1414 (087 to 1+49)

1443 (1:08 to 1:90)*
2046 (1425 to 4+83)**

13447 (9+52 to 17+42)%**
41498 (3314 to 50-81)***
-15:96 (-31+41 to -0-50)*
-19-17 (-29-38 to -8-96)***

699 (-12+28 to -1-70)*

1147 (647 to 16+47)%**
11:92 (007 to 23+91)
18+44 (8+68 to 2821)***
1+83 (-9+15 to 12:81)

5.17 (-8:21 to 18+55)
19:44 (1847 to 20-40)***
39:47 (38+05 to 40-89)***

22477 (17+88 to 27+65)***
19+88 (15+27 to 24+50)%**
11454 (-11:90 to 34+98)

3042 (6+83 to 54:01)*
2932 (5+89 to 52-74)*

0-02 (0+01 to 0-02)***
0:07 (0+05 to 0-09)***
-0+09 (-0+18 to 0-00)
-0+05 (-0-08 to -0-02)%**

-0+01 (-0+02 to -0-00)**

0-01 (0-01 to 0-02)***
0-02 (-0-00 to 0-04)
0-03 (0+01 to 0-04)***
0-00 (-0+01 to 0+02)
0-01 (-0+01 to 0-03)
0-03 (0+02 to 0-03)***
0-06 (0+06 to 0-06)***

0-03 (002 to 0-04)***
0-03 (002 to 0-03)***
0-01 (-0-02 to 0-05)

0-04 (000 to 0-08)*
0+10 (0-02 to 0-18)*

Notes: ***, ** * Statistically significant results with P<0-001, P<0-01, and P<0-05, respectively; RlI=Relative Index of Inequality; SII=Slope Index of Inequality; Cnl=Concentrate Index of Inequality; CI=Confidence Interval;
The inequality analyses of UHC indicators at national and subnational levels during 2000-2014 are presented in the Supplementary.

The RII presents the ratio of health coverage between the top and bottom comparison groups (socioeconomic status, regional levels, and urban-rural areas). RI[>1 indicates pro-rich inequality (higher coverage in the richest
than in the poorest sub-groups); Rll<1 indicates pro-poor inequality (higher coverage in the poorest than in the richest sub-groups); Rll=1 suggests no inequality in the health indicator.

The SII indicates the difference in percentage points of health coverage between the top and bottom of comparing groups (socioeconomic status, regional levels, and urban-rural areas). SII>0 indicates pro-rich inequality
(higher coverage in the richest than in the poorest sub-groups); Sll<0 indicates pro-poor inequality (higher coverage in the poorest than in the richest sub-groups); SII=0 suggests unavailability of inequality in the health
indicator.

The Cnl determines the magnitude or extent of health inequality. Cnl ranges from -1 to 1 with a positive value indicating a higher concentration of health coverage among the richer group and vice versa for a negative
value. The closer value to 1 or -1, the higher degree of concentration. A zero value (0) of the Cnl shows the unavailability of inequality in the health indicator.
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Figure 3. RMNCH service coverage in Vietnam in the year 2014 and 2030 at regional levels
Notes: The coloured shapes represent RMNCH indicators’ values; the horizontal axis shows coverage scales from 0 - 100%; the horizontal dotted lines present the UHC target

of 80% coverage.

with 95% CIs and p-values are in Supplementary Table S18. We
observed no statistically significant changes in socioeconomic, re-
gional and urban-rural inequalities in EBF, CSP, ARI treatment and
ORT. In contrast, the indicator FPNS showed an increase in socioe-
conomic inequality but a decrease in regional inequality. Socioe-

conomic and regional inequalities in ANC4 decreased in relative
terms but increased in absolute terms (Supplementary Table S18).
Changes in socioeconomic inequalities over the period 2000—-2014
stratified by living areas are in Supplementary Table S19 with more
substantially reduced inequalities in rural areas than urban areas.
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Figure 4. Changes in inequalities of RMNCH service coverage in Vietnam from 2000 - 2014

Notes: The coloured squares are the RMNCH service indicators; The horizontal axis shows changes in relative index of inequality (RII), the vertical axis shows changes in
slope index of inequality (SII), while the size of the squares indicates the absolute changes in concentration index of inequality (Cnl); Only statistically significant changes in
all three indices of RII, SII, and Cnl were presented in the figure; Positive values express an increase in inequalities between two-time points, and negative values indicate a
reduction in inequality; T data in the year 2002 was used due to unavailable of data for 2000.

4. Discussion

This study is the first comprehensive picture of RMNCH service
coverage and progress toward UHC in Vietnam at national and sub-
national levels. We found that most prevention and treatment in-
dicators improved significantly from 2000-2014, and most indica-
tors will achieve the global targets by 2030 at the national level.
However, the analysis of wealth quintile-specific coverage showed
significant gaps between the most disadvantaged and wealthiest
groups. Additionally, our analyses suggest some regions are lagging
and need to pay more attention and resources to progress in ma-
ternal and child health. Despite the significant improvements we
identified in this study, socioeconomic, regional, and urban-rural
inequalities still exist in several RMNCH service indicators with dif-
ferent patterns and trends, impeding UHC achievement in Vietnam.

In the present study, the majority (9/17) of RMNCH indicators
and all three composite RMNCH indicators will certainly (90%-
100%) reach the 2030 target at the national level. However, we
found that the most deprived groups were still left behind with
no chance of reaching 2030 targets in promoting maternal care
(ANC4) and ensuring adequate sanitation. Improved and adequate
sanitation are essential in improving the quality of life and pre-
venting many infectious diseases. Low ability and willingness to
pay for improved sanitation of poor households require imple-
mentation of policies/interventions in both economy and education
that extend beyond individual efforts to improve sanitation envi-
ronments.>> Three WHO’s key family behaviour indicators (ORT,
FPNS, and exclusive breastfeeding) have zero projected chance of
achieving the 2030 target at national levels and all sub-national
levels. The global coverage of using ORT for children with di-
arrhoea in 2015 was 41%, indicating that Vietnam'’s inadequate
national coverage is not an exception.? Previous works showed
that traditional experience and self-treatment might affect people’s
healthcare practices, typically reducing the proportion using ORT
in Vietnam.?> The low coverage of and a decreasing trend in FPNS
calls for a long term commitment from the Vietnamese govern-
ment to family planning policy.?® Early initiation of breastfeeding
and exclusive breastfeeding show slow national progress and pro-

poor inequality with higher coverage in the poorest than in the
wealthiest subgroups.” It probably dues to rapid urbanization, cae-
sarean deliveries, inappropriate maternal leave policies, and other
socio-cultural determinants.?’+28 Knowing that early initiation and
exclusive breastfeeding are the most effective intervention to re-
duce neonatal and early infant mortality,°-3° the low national cov-
erages may pose a serious obstacle to achieving health equity in
Vietnam. Achievement of adequate breastfeeding has been esti-
mated to potentially prevent more than 3000 child and mater-
nal deaths, saving US$1.5 million in health system costs and gen-
erating US$1.8 billion for the economy annually for Vietnam.3!
However, improving health outcomes related to WHO’s key fam-
ily behaviours is greatly affected by households’ socioeconomic
and health literacy characteristics.3? Interventions for improving
mother’s health literacy and education and integrating husband’s
and elder’s participation could be sufficient for the short-term
goals. Given the lessons learned from other countries by targeting
women’s empowerment and gender equality,>®> Vietnam should in-
tegrate these aspects into its national action plan to improve UHC
and other health-related SDG outcomes in the long run.

Our findings showed that the poorest households in rural ar-
eas and the regions of Northwest, Northeast, North Central, Cen-
tral Highlands, and Mekong River Delta would not reach the 80%
coverage of DPT3, Polio3, Measles and full immunization. Notably,
the vaccination program’s ultimate goal is to reach herd immunity
to prevent the transmission of infectious diseases, and it usually
needs a higher coverage than UHC targets. The mandatory vaccina-
tion coverage for herd immunity can be roughly calculated based
on the reproductive number (RO) of specific diseases in a pop-
ulation and the vaccine effectiveness (VE). For example, measles
has an RO of 16 for Asian populations, and the MMR vaccine has
97% efficacy for protecting people from measles after two doses.>*
Thus, it will require at least (1-1/R0)/VE ~ 97% coverage among
children to eliminate or prevent measles among school-aged pop-
ulations. The gap between current coverage and the required cov-
erage for herd immunity could explain the recent outbreaks of
measles in remote and poor areas in Vietnam.3>> The establishment
of Vietnam’s Expanded Programme on Immunization showed a
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massive impact on improving child mortality.>® However, to elim-
inate or interrupt highly contagious diseases like measles, vacci-
nation coverage at the level required for herd immunity among
new birth cohorts (children less than 24 months) is essential but
may not enough. Vietnam should also maintain herd immunity in
all birth cohorts at sub-national levels by (i) routinely monitor-
ing population immunity to identify the left-behind groups; and
(ii) exploring context-specific school entry checks of immunization
status with strong collaboration between the ministry of health
and the ministry of education.” Further, multi-component inter-
ventions in improving knowledge and awareness surrounding vac-
cination need to be carefully considered and integrated into na-
tional health programs for coping with vaccine hesitancy, one of
the ten global health threats.

Since the early 2000s, the Vietnamese government has made
substantial changes to the healthcare system, specifically promot-
ing a decentralized system with autonomous providers,*® reform-
ing health insurance, and enhancing primary healthcare.??4° The
pyramid healthcare system in Vietnam worked well with fewer re-
quirements for resources and individual efforts and was a major
contributor to Vietnam’s COVID-19 successes.*! However, despite
those advantages and benefits, such decentralization does come
to the risk of increasing inequalities between regions or widening
poverty gaps within the country. The low-quality maternal health
services in poor areas and the big gaps in personnel and equip-
ment between and within localities may pose barriers to mater-
nal health service utilization.*? The present study showed inequal-
ities in all RMNCH indicators in 2014. There was no change in in-
equalities over 15 years in some of the lowest-coverage indicators
in socioeconomic, regional, and urban-rural levels. This suggests
that some of the current health programs have been ineffective in
these areas, and the need for health system improvements before
Vietnam can achieve the UHC targets. To achieve sustainable and
equitable development, Vietnam should focus on government re-
forms to improve economic equality and complete the poverty al-
leviation goals across localities. The Vietnamese government could
learn the lessons of managing government decentralization re-
forms from China, a neighbouring country with similar political
institutions and administrative divisions, including (i) enhancing
investment and resource competition between local governments;
(ii) granting additional autonomy to high-performance local gov-
ernments; and (iii) awarding more resources and more central con-
trol to low-performance governments to support them in com-
petitive reforms. This "performance-based" decentralization reform
could promote economic growth in all localities with diverse ca-
pacities and characteristics, reduce absolute poverty, and improve
rural health and regional development.*> Additionally, perceptions
of low quality in primary healthcare facilities among disadvantaged
rural women and primary healthcare providers could be a potential
barrier to the RMNCH service utilization.** Vietnam’s healthcare
system needs to prepare for the complexity of disease patterns in
rural areas and the growing demand for high-quality and high-tech
healthcare services at primary healthcare facilities in the future.
Doing so will avoid the concentration of health technology in the
most advantaged urban areas and guarantee all parts of the coun-
try can benefit from future investments in advanced health tech-
nology. Further, it will ensure the achievement of effective UHC in
Vietnam with high-quality and people-centred healthcare services.

By evaluating inequality changes in multiple dimensions, we
were able to identify the true improvements in RMNCH service
indicators, which are defined as significant reductions in all rela-
tive, absolute, and magnitude of inequalities. For example, ANC4
inequalities decreased in relative terms but increased in absolute
terms, indicating that gaps in receiving four antenatal care vis-
its between socioeconomic groups and regions became wider over
time, even as levels of coverage improved across all groups. The
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reduction in ratio due to the improved coverages in all sub-groups
created a false improvement in inequality of ANC4 if we only as-
sess it in relative terms. We, therefore, highlight the use of all
three dimensions to comprehensively and accurately evaluate in-
equalities in health. We recognized the government’s efforts and
initial achievements in enhancing health equality between urban-
rural areas with the appropriate resource allocation to rural areas.
However, our analyses identified the spurious improvements in
urban-rural inequalities among DPT3, Measles, Full-immunization,
which mainly occurred due to the slow progress in urban areas.
Thus, these results may raise concerns about health interventions’
effectiveness over time and suggest a rebalancing of the vaccina-
tion program between urban and rural areas is needed. Addition-
ally, the target groups for future interventions may be different be-
tween RMNCH indicators depending on the patterns of inequali-
ties.*

Our study has numerous strengths. First, it presents reliable and
systematic estimates of RMNCH service indicators in Vietnam at
national and sub-national levels based on high-quality population-
based household data. Second, by using Bayesian methods, we
could estimate the probability of achieving the 2030 targets.?®
Third, our study comprehensively estimates patterns and trends
in socioeconomic, regional, and urban-rural inequalities in RMNCH
service indicators. It can help the government and policymakers
in tailoring plans for future programs. Several limitations may also
be inherent. Our study included all publicly available population-
based data to 2014 when the last survey was completed and re-
leased. No post-2014 data and fewer data points in some indica-
tors drove wide credible intervals of long-term trends and pro-
jections. The integration of data with different recall periods (two
years in MICS and five years in DHS) posed some potential risks to
our trend analyses.*® However, our sensitivity analysis of change in
trends by matching DHS recall periods showed comparable results
between unmatched- and matched-DHS recall period, suggested
the low risk of bias in our trends and projections (Supplementary
Table S20). Further, all our predictions of 2015-2030 were calcu-
lated based on the current trends of 2000-2014 and the assump-
tion of unchanging future policy. Our projections are therefore un-
able to account for improvements in policies happening after 2020.
However, they still offer a baseline estimate of progress against
which the next 10 years of policy changes can be assessed. The im-
provement in data completeness and reliability of Viet Nam’s na-
tional routine health management information system,*’ the on-
going 2021 Multiple Indicator Cluster Surveys, and the possibil-
ity of meta-analysis from currently available literature warrant fur-
ther investigation to update the estimated trends and projections
of RMINCH coverage in Vietnam.

5. Conclusions

Vietnam is progressing toward UHC in most RMNCH service in-
dicators given, despite its challenges. The Vietnamese government
must continue to improve and reform the healthcare system, re-
allocate resources focusing on vulnerable people (e.g., the most im-
poverished rural people), and evaluate and enhance current health
programs and interventions. It is also essential to design a national
plan that integrates a more social perspective on gender equality,
women’s empowerment, and other related SDGs. There is still a
long way to go, but by strengthening both the health system and
social approach to healthcare, we believe that Vietnam will achieve
the UHC targets, which also helps the country achieve health for
all.
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