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ABSTRACT 
 

Introduction: Identifying the risk factors of maternal mortality and morbidity requires the use of standard data, the integration of 
various information systems and state of the art technology to analysis maternal care data. This study was conducted for developing 
standard data elements and the designing of a Computerized and Integrated Maternal Health Surveillance System (CIMHSS) to 
investigate adverse maternal outcomes. Materials and Methods: The study was conducted in two stages: 1) Determining the Minimum 
Data Set (MDS) using the Delphi technique among 70 experts throughout the country; 2) Designing an information system for the 
integration of the various maternal care data sources. Then approved MDS developed in terms of CIMHSS data base to investigate 
maternal health and adverse maternal outcomes. Data in both stages were analyzed through the descriptive statistics. Results: The 
maximum mean of score of experts opinions (20±0) for MDS were attributed to the domains of pregnancy and postpartum common 
assessment, and maternal history & physical assessment. The minimum mean score (16.05±6.74) was in the domains of “initial 
laboratory before pregnancy”. The CIMHSS adverse maternal outcomes reports revealed that highest frequent adverse outcome pertain 
to "preterm labor in women with preeclampsia" 86 (85.15%); "cesarean complications in women with gestational diabetes" 65 
(64.36%). Conclusion: Experts believed that for proper maternal health, data relating to maternal health assessment and physical 
examination has more priority in comparisons to laboratory examination. The CIMHSS reports indicate that blood pressure disorders, 
diabetes and high Body mass index (BMI) were the most contributing factors in adverse maternal outcomes. Given the causal 
relationship between the risk factors and maternal health, collecting and integrating a wide range of data regarding to maternal health 
assessment and physical examination is required for enabling proper interventions.   
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Introduction   

The main objective of maternal healthcare is to identify and 
manage women at risk of complicated pregnancies. According 
to studies, approximately 830 of pregnant women die due to 

pregnancy and childbirth complications each year. Maternal 
health care plays an integral role in reproductive health [1]. 
Regardless of this importance, previous literature indicated that 
maternal mortality and morbidity account for the main 
challenges faced by health systems [2]; Developing countries are 
more seriously faced with these pregnancy-related 
complications and 99% of maternal mortalities occur in these 
countries. Although most cases of mortality can be prevented 
through early and targeted interventions [3, 4] . Realizing this aim 
requires the collection of high-quality data on the various risk 
factors at the point of care to assist managers and healthcare 
providers identify the factors affecting maternal health care 
services [1, 3, 5] . However, according to evidence one of the 
reasons for the poor management of obstetric complications in a 
Maternal Care Surveillance System (MCSS) is the inadequate 
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and unqualified information [2, 6, 7] . Another factor affecting the 
promotion of the MCSS is the development of standard data 
elements for the comparison and analysis of maternity care. The 
standardization of data facilitates the interoperability of 
different information systems and data sharing through 
information technology systems [3]. Moreover, MCSS data 
should be properly analyzed to facilitate intervention and 
decision-making by maternal care managers and policy-makers. 
The analysis of large volumes of data requires computerized 
methods. Data mining is the process of exploring and modeling 
large amounts of data to discover patterns or relationships 
between the variables [8]. Discovering trends and hidden 
patterns using data mining significantly improves our 
understanding of the progress and management of diseases and 
also improves patient care. Identifying the risk factors of 
maternal mortality and morbidity requires the standard data 
elements, integrated data sources and automated methods for 
data analysis in the MCSS. Employing data mining technique to 
promote maternal health should be conducted evolutionary in 
developing countries due to shortcomings in data quality, and 
isolation and fragmentation of information systems. This study 
was conducted for developing standard data elements and the 
designing of a Computerized and Integrated Maternal Health 
Surveillance System [CIMHSS) to investigate adverse maternal 
outcomes [9].  

Iran’s Health care system: An overview 
In Iran, health care services are rendered through the Primary 
Health Care (PHC) network, which consists of more than 
17,325 health houses, 2407 rural health centers, 307 rural 
maternity centers, 2186 urban health centers, 1666 health posts 
and 614 hospitals with maternity units (in both the public and 
private sector). The Iranian health system is governed at three 
levels of practice, including district, provincial and national 
levels. Maternal health is provided under reproductive health 
services and reproductive health is part of primary health 
services and is provided through primary healthcare facilities 
and hospitals [10, 11]. Maternal Health (MH) covers antenatal, 
delivery, postnatal and emergency obstetric care services and is 
provided by the following national policies and programs: 

• The establishment of a national maternal mortality 
surveillance system; 

• The integrated management of pregnancy and 
childbirth through the PHC network (outpatient 
services); 

• The establishment of mother-friendly hospitals 
(hospital services). 

To identify the factors affecting the maternal and neonatal 
mortality rate (MNMR) and to design appropriate 
interventions, a committee has been formed in collaboration 
with the Deputy of Health and Deputy of Treatment to control 
MNMR. This committee is activated as soon as an incident of 
maternal death occurs and collaborates with maternal health 
experts at the Treatment Deputy and is responsible for 
conducting interviews to identify the factors that have led to the 

mother’s death and also for performing appropriate preventive 
interventions [12].Maternal care is provided free of charge in all 
urban health centers, rural health centers and health houses. 
Maternal health services are provided in three stages at all 
levels, including pre-pregnancy, pregnancy and post-partum, 
and are based on the maternal health booklet and the 
completion of care forms by specialized primary health care 
workers, family health technicians and experts, midwives and 
physicians. Since September 2002, efforts for promoting 
normal vaginal delivery and establishing mother-friendly 
hospitals have been on top of the Ministry of Health agenda to 
enhance maternal health. In general, midwifery and labor and 
delivery services are provided at this level [12]. 

Materials and Methods 

Focus Group Discussion (FGD) meetings with the participation 
of an expert panel including  the Vice Chancellor of Health, 
MH experts, health information management, gynecologists 
and obstetricians and IT experts were held.  MH problems were 
discussed during meetings. The main objectives of the FGD 
meetings were: 1) Determining the Minimum Data Set (MDS) 
required for designing an MCSS that is standardized through a 
comparative study; 2) Designing an information system for the 
integration of the set of data. As result of nature of this study 
(pilot study), shortcomings in data quality, and lack of robust 
information technology infrastructure and resource limitation, 
panelists decide just focusing on limit numbers of MH problems 
to design CIMHSS.  

Objective One: The FGD meetings for the 

extraction of the MHSS- MDS 

• Identifying the MDS 
Determining an MDS for MH is among the priorities of the 
World Health Organization (WHO) and many countries. The 
purpose of determining MDSs is to improve and standardize the 
process of data collection at different levels of the MCSS .It is 
should be noted that certain MH forms are currently available in 
the country; however, to update the MDS and to investigate 
similar CIMHSS in developing countries, a non-systematic 
review study was conducted. The collected data were 
summarized and presented in the form of a guide and debated in 
a two-hour meeting supervised by a trained moderator 
(researchers). After the qualitative analysis of the data, a 
preliminary questionnaire was designed for the MDS. At this 
stage, the same expert panel (of the first stage) expressed their 
viewpoints about each MDS based on a three-point scale (from 
‘agree’ to ‘disagree’).  MDS with a final mean score of 3 and 
higher were approved and those with a mean score less than 2 
were eliminated; those with a final mean score of 2 to 3 were 
put to a second  round of the Delphi technique until agreement 
was reached by the experts on whether to approve or eliminate 
them. Ultimately, 305 MDSs were presented in 16 main 
domains for the Maternal Health Surveillance System (MHSS).  
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• The confirmation of the MHSS- MDSs 
In this stage, the approved MDS requirements were distributed 
as a questionnaire among 50 obstetricians and gynecologists and 
20 maternal health experts from all over the country based on 
Delphi technique. This questionnaire contained the 
demographic details of the experts and 307 close-ended based 
on proposed MDS, and open ended questions to collect other 
comments considered by experts.   
These experts had qualifications includes obstetrics and 
gynecology, general practitioner  or master’s degrees in 
midwifery and health management, bachelor's degrees in 
midwifery with at least three years of work experience in their 
fields. In every step of the Delphi technique, participants’ 
anonymity was observed and participants received feedback on 
their responses; that is, after collecting participants' views in the 
first round of the Delphi technique, the views expressed 
through the open-ended items were emailed to all the 
participants. The close-ended questions were analyzed in with 
Statistical Package for the Social Sciences (SPSS) software by 
IBM; the answers were scored (disagree=0, no comments=1, 
and agree=2) and the frequency distribution of each 
requirement was calculated. The cases approved by less than 
50% of the experts were eliminated and the cases approved by 
75% and more were accepted. The cases approved by 50% to 
74% of the experts were put to a second vote. This process 
continued until the consensus was obtained.  

Objective Two: Developing a computerized 

and integrated Maternal Health Surveillance 

System (CIMHSS) 
Following the identification of the MDS, the Entity Relationship 
Diagram (ERD) was drawn to depict the relationship between 
the MDSs. The database was then designed in the form of (SQL: 
Structured Query Language) server systems. As previously 
mentioned, CIMHSS was designed as a pilot project and more 
focus on limited numbers of MH problems. Proposed maternal 
care information system integrates data from pregnancy, 
childbirth and the postpartum services through the PHC 
network (outpatient services) with data on hospital services’ 
delivery. In the existing system, there is no link between 
hospital services and outpatient services. In the proposed 
system, outpatient services’ information, including antenatal 
and pregnancy care data, are integrated with the patients’ labor 
and delivery information (hospital services) through connection 
to the hospital information system (HIS). Thus, the effect of 
each of the maternal care processes on maternal adverse 
outcome was realized. Figure 1 indicates the sample of 
screenshot of CIMHSS. 

 
Figure 1: screenshot of computerized and integrated Maternal 

Health Surveillance System (CIMHSS) 

Results 

As shown in Table 1, of the 70 participating experts, 35 were 
aged 40 to 49 and formed the most frequent age group (50%), 
and 12 were aged 50 to 59 and formed the least frequent age 
group (17.1%). Furthermore, of all the participating experts, 
the most frequent years of work experience was 15 to 19, 
which was observed in 23 (32.8%) of the participants; also, the 
most frequent field of study was gynecology and obstetrics 
surgery (n=50, 71.4%). Moreover, the majority of the 
participants were specialists in their field (n=50, 71.4%). 

Table 1: The frequency distribution of the 
demographic details of the experts 

 Demographics  data N % 

Age   

≤39 23 32.8 

40-49 35 50 

50-59 12 17.1 

Field of Study   

Gynecologist 50 71.4 

Obstetricians 17 24.2 

General  practitioner (GP) 2 2.8 

Health care management 1 1.4 

Work experience   

<5 year 5 7.1 

5-9 year 13 18.5 

10-14 year 18 25.7 

15-19 year 23 32.8 

20≥ year 11 15.7 

Level of Education   

Specialist 50 71.4 

General  practitioner 2 2.8 

Master of science 10 14.2 

Bachelor 8 11.4 

According to Table 2, the greatest agreement was reached 
among the experts with a mean of 20±0 in the domains of 
“pregnancy common assessment”, “postpartum common 
assessment”, “history of recent pregnancy”, “history of 
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delivery”, “history of pregnant women”, “pregnancy common 
assessment” and “ultrasound and screening”; the least agreement 
was reached in the domains of “initial laboratory before 
pregnancy” with a mean of 16.05±6.74, “pregnancy laboratory” 
with a mean of 17.71±5.2) and “examinations before 
pregnancy” with a mean of 17.87±5.06. 

Table 2: the total Frequency distribution of the expert 
opinions for the MDS of the MHSS 

Experts 
,viewpoints 
Data Sets 

 Agree 
No 

Comments Disagree Total 

Demographic 
Information 

 

Mean 18.62 0.28 1.10 20 

Stdev 3.43 1.03 2.48 0 
 

Obstetrical 
History 

Mean 18.70 0.30 1.00 20 

Stdev 1.49 0.63 1.24 0 

Current Status 
For Pregnant 

Mean 18.43 0.36 1.21 20 

Stdev 1.65 0.74 1.25 0 

Medical 
History 

Mean 18.58 0.19 1.23 20 

Stdev 1.58 0.57 1.37 0 

Family History 
Mean 18.8 0.2 1.1 20 

Stdev 1.42 0.38 1.32 0 

Initial 
Laboratory 

before 
pregnancy 

Mean 16.05 0.53 3.54 20 

Stdev 6.74 1.12 6.37 0 

Examinations 
before 

pregnancy 

Mean 17.87 0.12 1.57 20 

Stdev 5.06 0.62 4.08 0 

History of 
pregnant 
women 

Mean 20 0 0 20 

Stdev 0 0 0 0 

Current 
pregnancy 

Mean 18.93 0.14 0.93 20 

Stdev 1.49 0.53 1.27 0 

Sonography 
and Screening 

Mean 20 0 0 20 

Stdev 0 0 0 0 

Pregnancy 
Laboratory 

Mean 17.71 0.49 1.80 20 

Stdev 5.20 1.14 4.42 0 

Pregnancy 
Examinations 

Mean 18.25 0.15 1.60 20 

Stdev 3.76 0.68 3.76 0 

Pregnancy 
common 

assessment 

Mean 20 0 0 20 

Stdev 0 0 0 0 

History Of  
Delivery 

Mean 20 0 0 20 

Stdev 0 0 0 0 

History of  
recent 

pregnancy 

Mean 20 0 0 20 

Stdev 0 0 0 0 

Postpartum 
common 

assessment 

Mean 20 0 0 20 

Stdev 0 0 0 0 

The results of the analysis of the CIMHSS data revealed the 
highest frequency of adverse maternal outcomes pertain to 
"preterm labor in women with preeclampsia" (n=86, 85.15%). 
The highest frequencies observed for the adverse maternal 
outcomes by the three domains were as follows: [1] In the 
domain of "the effect of history of previous pregnancies on 

childbirth outcome", the highest frequency 70 (68.62%) 
dedicated to "preterm childbirth in women with a previous 
history of preterm labor"; [2] In the domain of "the effect of 
diseases and abnormalities of the current pregnancy on the 
delivery outcome", the highest frequency pertained to 
"cesarean complications in women with gestational diabetes" 65 
(64.36%) and "preeclampsia in women with diabetes" 63 
(62.38%); and [3] In the domain of "the effect of the current 
pregnancy conditions on the delivery outcome", the highest 
frequency pertained to "gestational diabetes in women with a 
high Body mass index (BMI) "58 (58.86%), "cesarean section in 
women with a high BMI" 56 (54.9%) and "preeclampsia in 
women with a high BMI" 54 (52.94%). 

Table 3: Data analysis and reports about maternal health 
outcomes in the CIMHSS 

Main Reports N (%) 

 
The effect of previous 
pregnancy history on 

the outcome of current 
labor 

Women who have had preterm delivery in 
their previous pregnancies have had 

preterm delivery in their current 
pregnancy. 

70 (68.63 ) 

Women who have had gestational diabetes 
in their previous pregnancies have had 

gestational diabetes in their current 
pregnancy. 

49 (48.04 ) 

Women who have had preeclampsia in 
their previous pregnancies have had 

preeclampsia in their current pregnancy. 
48 (47.06) 

The effect of current 
pregnancy diseases and 

anomalies on the 
outcome of current 

labor 

Women with preeclampsia have 
complications of preterm labor. 86 (85.15) 

Women who have preeclampsia, their baby 
are born during low birth weight. 58 (57.42) 

Women who have gestational diabetes have 
been diagnosed with cesarean section. 65 (64.36) 

Women who have gestational diabetes have 
been diagnosed with preeclampsia. 63 (62.38) 

Women with gestational diabetes have 
complications of preterm labor. 57 (56.43) 

Women with thyroid disease have been 
diagnosed with preeclampsia. 

62 (61.39) 

Women who have had thyroid disease have 
premature delivery. 

58 (57.42) 

Women who have thyroid disease have 
their baby born during low birth weight. 49 (48.51) 

Women who have anemia have had 
preterm labor. 39 (38.61) 

Women who have anemia have their baby 
born during low birth weight. 

28 (27.72) 

Women with heart disease have had 
preterm labor. 23  (22.77) 

Women who have heart disease have their 
baby born during low birth weight. 

18 (17.82) 

The effect of the 
Current pregnancy 

status on the outcome 
of current labor 

Women with high BMI (obesity) have been 
diagnosed with gestational diabetes. 58 (56.86) 

Women with high BMI (obesity) have had 
cesarean delivery. 56 (54.90) 
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Women with high BMI (obesity) have been 
diagnosed with preeclampsia. 

54 (52.94) 

Women with high BMI (obesity) have had a 
baby's death. 21 (20.59) 

Women who have low BMI (malnutrition) 
have had preterm labor. 

25 (24.51) 

Women who have low BMI (malnutrition) 
have been diagnosed with preeclampsia. 24 (23.53) 

Women who have low BMI (malnutrition) 
have had anemia. 

24 (23.53) 

Women who have low BMI (malnutrition) 
have had cesarean delivery. 20 (19.61) 

Women who have low BMI (malnutrition) 
have their baby born during low birth 

weight. 
19 (18.63) 

Women who have gestational age above 35 
have been diagnosed with preterm labor. 25 (24.51) 

Women with gestational age over 35 have 
been diagnosed with cesarean delivery. 24 (23.53) 

Women who have had gestational age over 
35 have been diagnosed with preeclampsia. 

24 (23.53) 

Discussion and Conclusion 

The present study was conducted to implement a pilot study of 
a computerized integrated maternal care information system to 
pave the way for data analysis tools (e.g. data mining). To this 
end, standard MDS were first identified and approved by 
experts. CIMHSS designed to extract reports on the 
relationship between the variables affecting maternal care 
outcome. The results suggested that the greatest agreement 
among the experts about a standard MDS pertained to the 
domains of “pregnancy common assessment” and the 
“postpartum common assessment” and “pregnancy ultrasound 
and screening”. The present findings agree with those obtained 
in relevant studies. According to evidence, “pre-pregnancy 
assessments” contribute to the reduction MH adverse outcome 
including preterm birth, low birth weight and small-for-
gestational-age. Postpartum assessments enable the 
improvement of maternal and neonatal nutrition, facilitate 
family planning and help prevent postpartum depression [13]. 
Postpartum care services are considered an important maternal 
care service; nearly half of the cases of maternal mortality 
occur in the puerperal period [14]. Following the 
implementation of the postnatal care program in the early 20th 
century, the rate of maternal mortality indicates an annual 
reduction of 5 per 100000 by the end of the century [15]. About 
10% to 30% of pregnant women are faced with early 
pregnancy complications including miscarriage, bleeding and 
pain. Maternal health programs were therefore offered to 
pregnant women as multi-professional services in the form of 
an Early Pregnancy Assessment Unit [EPAU) from 1991 [16]. 
According to a study conducted to investigate EPAC in the 
emergency department, launching EPACs reduces the duration 
of treatment by 55%; the need for pathology blood tests by 
56%; the need for formal imaging services by 85%; making the 
total costs saved 63% per patient; and no adverse outcomes 

were reported [17]. Identifying these complications and 
performing appropriate interventions therefore require the use 
of diagnostic and screening intervention; the experts surveyed 
in the present study also found the use of ultrasound and 
screening as key MDS. Since ultrasound is considered a safe 
technique with a high diagnostic value during pregnancy, its 
application has increased by 28% in recent years [18]. By 
facilitating the diagnosis of normal and abnormal uterine 
conditions, ultrasound can be effective in reducing maternal 
and neonatal mortalities [19]. A review study conducted to assess 
the effect of compact ultrasound on maternal and perinatal care 
concluded that compact ultrasound reduces maternal and 
neonatal mortalities [20]. A cohort study conducted to assess the 
effect of Doppler ultrasound on pregnancy management 
concluded that preterm and full-term neonatal admissions were 
higher in the group that underwent Doppler velocimetry. 
Conversely, the mortality rate associated with preterm and 
full-term neonates was lower in the group that underwent 
Doppler velocimetry [21]. 
The results obtained from the CIMHSS report showed that the 
highest frequency of adverse maternal outcomes pertained to 
"preterm labor in women with preeclampsia" and "preterm 
labor in women with a history of preterm childbirth". Blood 
pressure disorders during pregnancy are to blame for 9% to 
25% of maternal mortalities in the world. Blood pressure 
disorders lead to pregnancy complications in 6% to 8% of all 
pregnancies and are the main risk factor for stillbirth and infant 
mortality and morbidity [22, 23]. Preeclampsia is a hypertensive 
disorder during pregnancy that affects 5% of all pregnancies, 
and evidence suggests that this condition entails long-term 
complications and consequences such as hypertension later on 
and cardiovascular diseases [24]. Moreover, preeclampsia is 
regarded as a risk factor of preterm birth [25]. Previous studies 
have shown that a history of preterm birth leads to recurrent 
preterm birth in later pregnancies and is also associated with a 
higher risk of small-for-gestational-age infants [26, 27]. A study 
conducted to assess the relationships of obstetrical history and 
preterm birth with uterine anomalies clarifies a clear 
relationship between recurrent preterm birth and a previous 
history of preterm birth in women with uterine abnormalities 
[28]. Other studies have pointed out the role of genetic and 
environmental factors in the incidence of preterm birth [29]. In a 
study conducted to identify the relationship between the 
medicines used during pregnancy and preterm birth, Orozova 
found that maternal vaccination can be associated with preterm 
birth [30]. Given the complexity and interdependence of risk 
factors for maternal adverse outcome, it is essential that 
maternal care information systems be integrated with maternal 
health systems and other systems to facilitate advance data 
analysis using data mining tools. The in-depth analysis and 
accurate identification of the patterns of risk factors affecting 
maternal care pave the way for more targeted preventive 
interventions. 
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