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Abstract

Health resources play an essential role in realizing the unattainable Sustainable 
Development Goals targets in lowering the maternal mortality ratio (MMR) glob-
ally. The study aimed to analyze trends and determinants of  MMR based on the 
number of  healthcare resources in Indonesia. This study is an explanatory study 
using repeated cross-sectional data from Central Java 2016-2020. Data were ana-
lyzed using bivariate analysis with scatter plots, statistical analysis with Pearson 
correlation tests, and a linear regression model using Tableau software. Results 
showed that the MMR decreased in 2016-2019. However, it increased in 2020. 
The ratio of  obstetrics-gynecology specialists and nutritional personnel had an 
impact on the MMR in 2016. In 2017, the ratio of  general practitioners affected 
the MMR, whereas, in 2019 and 2020, the ratio of  nutritional workers had an 
effect. Our study concluded that the trend of  MMR in Indonesia was affected by 
the number of  healthcare personnel resources. It is recommended that the Indone-
sian government should fulfill the quantity and equalization of  the distribution 
of  healthcare personnel resources particularly the obstetrics-gynecology specialists, 
general practitioners, and nutritional workers so the MMR could be decreased.
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INTRODUCTION
The quality and development of  reproduc-

tive health services can be reflected by decreasing 
the maternal mortality ratio (MMR) (Geller et 
al., 2018). The MMR is known by calculating the 
number of  maternal deaths by the number of  live 
births and multiplying by 100,000 to obtain the 
maternal mortality rate per 100,000 live births 
(Hoyert, 2020). Maternal mortality is a mother 
who dies during pregnancy, childbirth, and the 
postpartum period (42 days after giving birth) 
regardless of  gestational age and location of  the 

pregnancy. The cause of  death of  a pregnant wo-
man is related to or aggravated by her pregnancy 
or pregnancy treatment and is not attributable to 
unforeseeable circumstances such as accidents or 
intentional acts such as suicide or homicide (Mer-
dad and Ali, 2018).

The target MMR is listed in the Sustainab-
le Development Goals (SDGs) 2030. The SDGs 
for the 2030 agenda focus on sustainable develop-
ment that encourages social, economic, and en-
vironmental development (Diaz Sarachaga et al., 
2018). In the aspect of  social development, the 
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SDGs strive to improve people’s health and well-
being through the third goal of  the SDGs by en-
suring a healthy life and encouraging well-being 
for all people of  all ages (WHO, 2018). SDG-3’s 
first target is to lower the global MMR to below 
70 per 100,000 live births (Callister and Edwards, 
2017).

Globally, in 2017 the MMR reached 211 
per 100,000 live births (295,000 cases). In Sout-
heast Asia, the MMR was 137 per 100,000 live 
births (16,000 cases). Developing countries ac-
count for the world’s most significant MMR of  
415 per 100,000 live births compared to develo-
ped countries with only 12 per 100,000 live births 
(WHO, 2019).

In Indonesia, the MMR in 2019-2020 in-
creased from 87.9 per 100,000 live births to 97.6 
per 100,000 live births (Kemenkes, 2021). The 
maternal deaths in Central Java province, Indo-
nesia from 2019 to 2020 increased from 76.9 per 
100,000 live births to 98.6 per 100,000 live births 
(Dinkes, 2021). The increment of  MMR in 2019-
2020 in Indonesia and Central Java province was 
a setback for achieving the SDG-3 target. SDG-
3 has 13 targets and the 26 most indicators to 
achieve among the 17 existing SDGs goals (Cerf, 
2018). 

A comprehensive strategy is needed to 
follow up on the surge in the MMR to achieve 
the SDG-3 target so that this problem does not 
become a global crisis. The MMR is influenced 
by close determinants (pregnancy and its comp-
lications), distant determinants (socio-cultural, 
economic, and religious factors, education level, 
and knowledge), and intermediate determinants 
(maternal health status, reproductive status, ac-
cess to health services, and behavior of  using 
health service facilities) (Manyeh et al., 2018, 
Kartiningrum, 2017). Population growth is ex-
pected to outpace the rise in health resources in 
the future. Therefore, healthcare resources play 
an important role in realizing SDG-3 goals to 
meet the community’s need for health services 
(WHO, 2016). Equalization and ease of  access to 
health services embody efficiency and equality in 
healthcare resources (Pascoe et al., 2020, Sun and 
Luo, 2017).

Healthcare resource availability supports 
healthcare professionals in receiving information, 
diagnosing, and providing intervention to mater-
nity and postpartum pregnant women (Pascoe et 
al., 2020). Adequate and well-distributed health-
care personnel resources contributed to lowering 
MMR. Previous studies have analyzed the impact 
of  some access factors and quality of  health ser-
vices on  maternal deaths in Indonesia (Zhao et 

al., 2019, Singh and Barik, 2021, Cameron et al., 
2019). A study that examined the effect of  basic 
public health care programs on maternal health 
services found that there was a negative correla-
tion between the level of  prenatal examinations, 
the level of  maternal health records, and the level 
of  postpartum visits to the MMR. With the basic 
public health service program, maternal health 
services will increase and maternal mortality will 
decrease (Zhao et al., 2019). Another study found 
that the availability of  healthcare resources and 
the quality of  healthcare were indicators rela-
ted to MMR. The low availability of  healthcare 
resources will cause the quality of  healthcare to 
decline so more mothers will die (Singh and Ba-
rik, 2021).

The number of  medical doctors and mid-
wives at the primary healthcare facilities and the 
distance to healthcare facilities has been conside-
red the most contributing factors to the MMR in 
Indonesia (Cameron et al., 2019). However, the 
study that uses the latest data over the past five 
years to find out the trends and determinants of  
MMR based on the number of  healthcare resour-
ces in Indonesia is scarce. 

This study aimed to analyze the trends 
and determinants of  MMR based on the num-
ber of  healthcare resources in Central Java pro-
vince, Indonesia. This study would be beneficial 
for mapping and equalizing the health resources, 
particularly the healthcare personnel  to improve 
the healthcare services for mothers during preg-
nancy, childbirth, and the postpartum period.

METHODS
Study Design 

An explanatory study with a cross-sectio-
nal approach was conducted based on seconda-
ry data, the health program achievements data 
from 2016 to 2020 which was published by the 
Central Java Provincial Health Office, Indonesia. 
The data which consisted of  the “Health Pocket 
Book,” ”Basic Data Book for Health Centers and 
Hospitals,” and ”Health Profile Book” can be ac-
cessed at  http://dinkesjatengprov.go.id. 
Sample and Sampling Technique

The data comes from a total of  2,961,030 
pregnant women, mothers in labor, and postpar-
tum mothers aggregated in 35 districts in Central 
Java province from 2016 to 2020. Therefore, the 
sample is 175 data points. Sampling with the total 
sampling technique.
Independent and Dependent Variables

The independent variables that were esti-
mated as predictors of  maternal mortality were 
the number of  healthcare resources, such as the 

http://dinkesjatengprov.go.id. 
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ratio of  obstetrics-gynecology specialists, gene-
ral practitioners, midwives, nutrition personnel, 
public health centers, and the number of  hospi-
tals. The dependent variable in this study was the 
MMR per 100,000 live births.
Data Analysis

Tableau software was used to conduct sta-
tistical analysis. In this study, descriptive statistics 
were used to determine whether the distribution 
of  MMR is demographically significant and an 
intriguing variable. The researcher performed a 
bivariate analysis to determine the determinants 
of  the MMR by plotting the dependent and inde-
pendent variables together. Pearson’s correlation 
test (r) was employed to confirm the link between 
the dependent and independent variables. Addi-
tionally, the linear regression models were used 
to determine the percentage of  influence of  the 
independent variable on the dependent variable. 
With a confidence interval of  95%, the value of  
p<0.05 was considered significant.

RESULTS AND  DISCUSSION
Our study found that the total population 

of  pregnant women in Central Java province, In-
donesia for five years (2016-2020) was 2,961,030 
people, with a total of  live births 2,702,415 cases, 
and 2,444 death cases. Those death cases occured 
during the postpartum period (61%), pregnan-
cy (25%), and delivery period (14%). After five 
years, the MMR in the study area was still higher 
than the SDG-3 goal of  70 per 100,000 live births 
(Mean=90.37 per 100,000 live births, SD=12.36) 
(Table 1) (WHO, 2019).

From 2016 to 2019, the ratio of  maternal 
deaths in Central Java province, Indonesia has 
continuously decreased, from 109.66 in 2016 to 
76.93 per 100,000 live births in 2019. However, in 
2020 there was a significant increment in MMR 
of  21.67 (from 76.93 to 98.60 per 100,000 live 
births). The average number of  maternal deaths 
in Central Java province, Indonesia for five years 
(2016-2020) was 90 per 100,000 live births (Figu-
re 1).

Table 1. Descriptive (unstandardized) (N = 175)

Variable
Years

Mean SD
2016 2017 2018 2019 2020

Obstetrics-gynecology Specialists (a) 1.55 1.48 2.05 1.31 1.33 1.54 0.27

General Practitioner (a) 5.11 4.33 5.08 5.72 7.71 5.59 1.15

Midwife (a) 36.37 39.53 45.06 43.91 46.91 42.36 3.86

Nutrition Personnel (a) 2.36 2.22 2.48 3.14 3.61 2.76 0.53

Public Health Centers (b) 1.53 1.54 1.54 1.53 1.53 1.53 0.00

Number of  Hospitals 279 280 289 307 317 294 15.12

Maternal Mortality Ratio (c) 109.66 88.05 78.60 76.93 98.60 90.37 12.36
Note: (a) per 100,000 population; (b) per subdistrict; (c) per 100,000 live births.

Figure 1. MMR Trends per 100,000 Live Births in Central Java Province, Indonesia in 2016-2020
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The ratio of  maternal deaths during preg-
nancy, childbirth, and postpartum in Central Java 
province, Indonesia for five years (2016-2020) is 
still under the SDG-3 target. When viewed from 
the cause, maternal deaths in Central Java pro-
vince, Indonesia from 2016 to 2020 consistently 
occurred during the postpartum period in the 
20-34 year age group. Healthcare workers need 
to pay attention and care to the mother during 
postpartum (Susilawati and Nilekesuma, 2020). 
Healthcare providers should provide adequate 
education for postpartum mothers by visiting 
their homes (Xiao et al., 2020). Young mothers 
who have just given birth are most at risk of  post-
natal complications because they did not have 
maternal-related experience. by providing suffi-
cient knowledge, maternal death due to health 
problems could be prevented by getting proper 
postpartum care (Ayazbekov et al., 2020). The-
refore, healthcare providers need to increase the 
number of  medical personnel to reduce cases of  
maternal death, especially during the postpartum 
period. In developed countries such as Norway, 
MMR was very low because they provided health 
workers who were paid to visit and monitor ma-
ternal health (Kotsadam et al., 2018).

The contribution of  COVID-19 as a cause 
of  maternal death to the increase in the number 
of  maternal deaths in 2020 cannot be ascertained. 
The Central Java provincial health officials did 
not explain the number of  maternal deaths caus-
ed by COVID-19 in the results of  the 2020 health 
program. The emergence of  the COVID-19 pan-

demic in 2020 prompted the Ministry of  Health 
of  the Republic of  Indonesia to issue a policy so 
that medical examinations are carried out based 
on agreements with doctors and ultrasound exa-
minations are temporarily postponed (Ifdil et al., 
2020). During a pandemic, mothers are required 
to stay at home and study books on maternal and 
child health as a means of  obtaining information 
about maternal health. This makes it more like-
ly that mothers will not get enough information 
about their health. This is because not all mothers 
will read the book. 

In previous studies, it was known that 
anemia played a significant role in the death of  
pregnant women due to COVID-19. Anemia du-
ring pregnancy in Indonesia is mostly caused by 
iron deficiency. Women with anemia are prone 
to complications in pregnancy, which can cause 
maternal death (Akbar et al., 2022). Informing 
pregnant women about nutrition can help prevent 
iron deficiency anemia, which can cause compli-
cations in pregnant women. 

Of  the total 35 districts and cities in Cent-
ral Java province, Indonesia, the MMR was 
mainly above the SDG-3 target of  70 per 100,000 
live births (74%) (Figure 2). Maternal deaths 
were dominated by hypertension in pregnancy, 
bleeding, and other diseases such as circulatory 
disorders, metabolic disorders, and respiratory 
disorders (Dinkes, 2021). The three causes that 
dominate the mother’s death were the competen-
ce of  obstetrics-gynecology specialists in the hos-
pital (Putra et al., 2020).

Figure 2. Average Distribution of  MMR per 100,000 Live Births in 
Central Java Province, Indonesia in 2016-2020 
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Table 2. Pearson Correlation Test Results and Linear Regression Models

Variable
Values (R2)

2016 2017 2018 2019 2020

Obstetrics-gynecology Specialists (a) -0.033**
(0.231)

-0.005
(0.001)

0.015
(0.029)

0.004
(0.010)

<-0.001
(<0.001)

General Practitioner (a) -0.009
(0.020)

0.029*
(0.163)

0.016
(0.043)

0.004
(0.003)

0.013
(0.017)

Midwife (a) 0.062
(0.043)

-0.033
(0.018)

0.023
(0.002)

0.066
(0.027)

0.076
(0.053)

Nutrition Personnel (a) -0.013*
(0.175)

0.006
(0.025)

0.004
(0.017)

0.016**
(0.196)

0.012*
(0.146)

Public Health Centers (b) <-0.001
(0.002)

0.001
(0.013)

<0.001
(0.001)

0.001
(0.009)

<0.001
(0.003)

Number of  Hospitals -0.013
(0.010)

-0.021
(0.039)

-0.020
(0.018)

-0.033
(0.046)

-0.024
(0.036)

Note: *p<0.05; **p<0.01.

Maternal mortality cases need to be redu-
ced by treating hypertension during pregnancy, 
bleeding, and other diseases such as circulatory 
disorders, metabolic disorders, and respiratory 
disorders in mothers during pregnancy, child-
birth, and especially during the puerperium. 
Handling the three causes of  maternal death can 
be successfully implemented when the number 
of  hospitals in the district and city has adequa-
te. Hospitals often refused referral patients from 
public health centers because the beds in the 
hospital were full. In addition, due to the small 
number of  hospitals, the distance between some 
public health centers and referral hospitals is too 
far. It causes problems in implementing referrals 
and delays in patient handling (Ekasafitri et al., 
2018, Wirakusumah et al., 2019). In a previous 
study, it was stated that the ratio of  hospitals per 
district and city positively affects maternity cove-
rage in healthcare facilities (Laksono and Sandra, 
2020). Therefore, the government should increase 
the number of  hospitals in districts and cities that 
have not been able to meet the community’s needs 
to reduce the ratio of  maternal deaths. 

The ratio of  the obstetric-gynecological 
specialist has a statistically significant correlation 
with the MMR (b = -0.033(0.231), p <0.01) (Tab-
le 2). Lower ratio of  obstetrics-gynecology spe-
cialists in districts and cities, the ratio of  maternal 
deaths tends to be higher. In addition, the ratio 
of  the obstetrics-gynecology specialists affected 
23.1% of  the MMR. This number is expected to 
be higher to increase the good quality of  health 
services, particularly for women during pregnan-
cy, childbirth, and postpartum. The lack perfor-
mance of  obstetrics-gynecology specialists plays 

a role in causing maternal death (Mahmood et 
al., 2018, Omer, 2019). A previous study reported 
that the availability of  obstetrics-gynecology spe-
cialists and primary care physicians has resulted 
in lowering the MMR due to their role in mana-
ging complications and chronic diseases before, 
during, and after pregnancy (Snyder et al., 2020). 
Therefore, increasing the number of  obstetrics-
gynecology specialists in districts and cities with 
medical personnel could decrease the MMR.

The ratio of  the nutrition personnel also 
has a significant correlation with the MMR (b= 
-0.013(0.175), p <0.05). A lower the ratio of  nut-
rition personnel in districts and cities, the ratio 
of  maternal mortality tends to higher. The ratio 
of  the nutrition personnel affected 17.5% of  the 
MMR. The more nutrition personnel, is expected 
to lower the MMR. Mothers who received health 
education from nutrition personnel would inc-
rease their knowledge and attitude towards the 
nutritional needs (Amalia et al., 2018). Mothers 
with an optimal nutritional status would be able 
to safely pursue the habit so that the maternal 
mortality rate could decrease (Ernawati, 2017). 
Therefore, it is a need to increase the number of  
nutritional personnel in public health centers to 
reduce the MMR. In addition, the general prac-
titioner, midwife, public health centers ratio, and 
number of  the hospitals have no statistically sig-
nificant correlation on the MMR, respectively  
(Figure 3).

The general practitioner ratio has a signifi-
cant correlation with the MMR (b = 0.029(0.163), 
p <0.05) (Table 2).  With a higher ratio of  gene-
ral practitioners in districts and cities, the MMR 
tends to be higher as well. This contradicts the 
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Figure 4. Scatter Plot Ratio of  Maternal Mortality and Variable Quantity of  Health Resources 
in Central Java Province, Indonesia in  2017 

Determinants of MMR in 2017

Figure 3. Scatter Plot Ratio of  Maternal Mortality and Variable Quantity of  Health Resources 
in Central Java Province, Indonesia in 2016

Determinants of MMR in 2016
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Determinants of MMR in 2018

Figure 5. Scatter Plot Ratio of  Maternal Mortality and Variable Quantity of  Health Resources 
in Central Java Province, Indonesia in 2018 

existing theory that the increasing number of  ge-
neral practitioners means that more health wor-
kers are capable of  providing maternal services 
during pregnancy, childbirth, and postpartum 
and can prevent maternal deaths. The results of  
this study may have been caused by the use of  bi-
variate analysis, so in order to do more research, 
multivariate analysis needs to be used. 

 Furthermore, general practitioner ratio af-
fected 16.3% of  the maternal mortality ratio. The 
number of  GPs in districts and cities has a positive 
tendency and is related to the MMR. The uneven 
distribution of  general practitioners in Central 
Java Province, Indonesia affected the MMR. The 
number of  general practitioners is more concent-
rated in urban areas. The ratio of  GPs in urban 
areas can be up to 5 times higher than GPs in ru-
ral areas. Therefore, the government can equalize 
the distribution of  general practitioners in Cent-
ral Java Province, Indonesia so that the ratio of  
maternal deaths decreases. According to previous 
research, it is known that the number of  doctors 
in first-level healthcare facilities contributes to 
reducing the MMR (Cameron et al., 2019). In ad-
dition, the ratio of  obstetrics-gynecology specia-
lists, midwives, nutrition personnel, public health 
centers ratio, and the number of  hospitals have no 

statistically significant correlation on the MMR, 
respectively (Figure 4).

In 2018, the ratio of  obstetric-gynecolo-
gical specialists, general practitioners, midwives, 
nutrition workers, public health centers, and the 
number of  hospitals did not play a role in the 
MMR because it showed a random scatter plot 
pattern (Figure 5). The coverage of  health ser-
vices that began to expand since the National 
Health Insurance (NHI) era in 2018 has caused 
the distribution of  health resources in Central 
Java, Indonesia to be even (Choirunnisa, 2021). 
In line with previous studies, because of  the NHI 
era, all communities have health financing gua-
rantees so that obstacles to accessing health ser-
vices due to financing problems can be reduced, 
and eventually it has impacted the MMR (Arifin 
and Gusnedi, 2014).

Ratio of  the nutrition personnel has 
a significant correlation with the MMR (b= 
0.016(0.296), p <0.01) (Table 2). With a higher 
ratio of  nutrition personnel in districts and cities, 
there is a tendency for the MMR to be higher. 
This goes against the prevailing assumption, ac-
cording to the rise in nutrition professionals will 
lead to more mothers learning about their needs 
in terms of  nutrition in order to avoid anemia or 
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Figure 6. Scatter Plot Ratio of  Maternal Mortality and Variable Quantity of  Health Resources 
in Central Java Province, Indonesia in 2019 

Determinants of MMR in 2019

Determinants of MMR in 2020

Figure 7. Scatter Plot Ratio of  Maternal Mortality and Variable Quantity of  Health Resources 
in Central Java Province, Indonesia in 2020 
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other long-term nutritional issues. Bivariate ana-
lysis may have caused the results of  this study; 
therefore, multivariate analysis is required for 
further study.

Ratio of  the nutrition personnel affected 
19.6% of  the MMR. The distribution of  nutri-
tion workers in 2019 in Central Java Province, 
Indonesia was again uneven. The addition of  
nutrition workers in 2019 tended to be higher in 
several districts and cities than in 2018 (Dinkes, 
2020). Based on other studies, maternal nutritio-
nal status is very influential on maternal mortali-
ty (Diana et al., 2020). The unequal distribution 
of  nutrition workers who play a role in providing 
nutrition education to mothers can affect MMR. 
Therefore, the government can equalize the distri-
bution of  nutritional personnel again to maintain 
a decrease in the MMR. Ratio of  the obstetrics-
gynecology specialists, general practitioner, mid-
wives, public health centers, and number of  hos-
pitals have no statistically significant correlation 
on the MMR, respectively  (Figure 6).

Ratio of  nutrition personnel has a signifi-
cant correlation with the MMR in Central Java, 
Indonesia in 2020 (b = 0.012(0.146), p <0.05) 
(Table 2). With a  higher ratio of  nutrition per-
sonnel in districts and cities, there is a tendency 
for the MMR to be higher. This contradicts the 
previously explained theory. The use of  bivariate 
analysis may have contributed to the findings of  
this study, making multivariate analysis crucial 
for future research.

Ratio of  the nutrition personnel affected 
14.6% of  the MMR. The distribution of  nutrition 
workers in Central Java Province, Indonesia has 
not been evenly distributed from 2019 to 2020. 
In some districts and cities with a high MMR, 
the number of  nutritional workers was still li-
mited (Dinkes, 2020). The government can im-
mediately add nutritional personnel in districts 
and cities with a high MMR. Another reason for 
the increment of  the MMR in 2020 is due to the 
Covid-19 pandemic. The social restrictions (lock-
down) and fear of  contracting the Covid-19 vi-
rus when visiting health services made almost all 
people were stayed at home, including mothers. 
This Covid-19 pandemic situation has impacted 
the decreased coverage of  maternal health ser-
vices (pregnant women, maternity mothers, and 
postpartum mothers) in health facilities, causing 
delays in detecting pregnancy complications, re-
ferral decisions, and delays in handling (Kevala-
dandra and Martha, 2021).

The ratio of  obstetrics-gynecology specia-
lists, general practitioner, midwives, public health 
centers ratio, and number of  hospitals have 

no statistically significant correlation with the 
MMR, respectively (Figure 7). 

This study is a retrospective study using the 
latest data that has been available since the start 
of  the SDGs in the last five years. Due to its type, 
this study relies on the accuracy of  reporting data 
to the Central Java Provincial Health Office in 
Indonesia. Suppose there are still unreported oc-
currences of  maternal deaths-mothers who move 
to other districts or die. In that case, mistakes in 
recording maternal mortality data and reporting 
the number of  health resources are not adequate, 
and the analysis results will be impacted. Nevert-
heless, these obstacles can be controlled because 
the reporting system for maternal deaths and the 
number of  health resources in Central Java Pro-
vince in Indonesia has been organized. 

CONCLUSION
 The ratio of  maternal deaths in Central 

Java Province in Indonesia from 2016 to 2020 
has not reached the SDG-3 target. The ratio of  
obstetricians to gynecologists, general practitio-
ners, and nutritional personnel was associated 
with the MMR. The number  of  other healthca-
re resources, such as the midwife, public health 
centers, and the number of  hospitals, were not 
associated with the ratio of  maternal mortality. 
However, it is known that districts and cities with 
a smaller number of  hospitals and public health 
centers have a higher ratio of  maternal mortality.

The decrease in MMR will be helpful to 
realize the development of  social aspects in the 
2030 SDGs, as well as an indicator of  the qua-
lity of  reproductive health services. The target 
ratio of  maternal mortality that has not been 
achieved indicates the need for further research 
to assess the adequacy of  the needs of  necessa-
ry health resources with the quantity available. 
The Indonesian Ministry of  Health needs to pay 
more attention, especially to districts and cities 
with a high MMR related to the equal distributi-
on of  obstetrics-gynecology specialists, general 
practitioners, nutrition workers, and the number 
of  hospitals. The distribution and fulfillment of  
the needs of  these health resources play a role in 
reducing the MMR.

Suggestions for policymakers can include 
conducting an assessment of  whether caesarean 
sections for high-risk pregnant women can help 
reduce the MMR. In the short term, it is easier 
to educate people in areas with high MMRs to 
be able to visit public health centers as most of  
the costs are borne by national health insurance. 
Teach midwives to carefully evaluate people who 
are at high risk and move them quickly to the 
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nearest district with better health care. 
The mechanism linking healthcare resour-

ces and MMRs should be an agenda item for futu-
re studies. This is a temporary solution until more 
obstetricians, midwives, and practitioners can be 
produced and placed in high MMR districts. Sug-
gestions for further research to be able to perform 
data analysis on one data set and one interaction 
effect between years. Multivariate analysis is ad-
vised for future research.
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