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Objectives. To assess a birth registry to explore maternal mortality and morbidity and their association with other factors. Study
Design. Exploratory multicentre cross-sectional analysis with over 700 thousand childbirths from twelve Latin American and
Caribbean countries between 2009 and 2012. The WHO criteria for maternal morbidity were employed to split women, following
a gradient of severity of conditions, into (1) maternal death (MD); (2) maternal near miss (MNM); (3) potentially life-threatening
conditions (PLTC); (4) less severe maternal morbidity (LSMM); (5) any maternal morbidity; and (6) women with no maternal
morbidity. Their prevalence and estimated risks of adverse maternal outcomes were assessed. Results. 712,081 childbirths had a
prevalence of MD and MNM of 0.14% and 3.1%, respectively, while 38% of women had experienced morbidity. Previous maternal
morbidity was associated with higher risk of adverse maternal outcomes and also the extremes of reproductive ages, nonwhite
ethnicity, no stable partner, no prenatal care, smoking, drug and alcohol use, elective C-section, or induction of labour. Poorer
perinatal outcomes were proportional to the severity of maternal outcomes. Conclusions. The findings corroborate WHO concept
regarding continuum of maternal morbidity, reinforcing its importance in preventing adverse maternal outcomes and improving
maternal healthcare in different settings.

1. Introduction

In 2009, after decades of using maternal mortality as the
most important health indicator for women experiencing
the reproductive process, the definition of maternal near
miss (MNM) with its correspondent criteria was published.
Women suffering a severe complication during pregnancy,
childbirth, or within 42 days of the postpartum period,
who almost died, but survived due to luck or effective
interventions are now consideredmaternal near miss [1].

The need for better exploring the concept of mater-
nal morbidity instead of maternal mortality arose because,

fortunately, maternal deaths became rare in several settings
when using absolute numbers and, therefore, it became more
difficult to understand and identify factors or conditions that
could possibly be associated with its occurrence. There are
also a number of reasons already publicized on the advantages
of looking into cases of morbidity and not only to maternal
deaths [2].Themost important ones refer to the fact that if the
morbidity is timely identified and properly managed, actions
or interventions can be performed and the death and organ
failure could potentially be avoided. In addition, the woman
surviving and being alive could help a lot with information on
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the entire process that she experienced, including the delays
and difficulties she had for having access to appropriate care.

However, until recently, the concept of maternal morbid-
ity and the levels of severity it could present were definitely
not standardized, and therefore they were used indistinctly
in the scientific literature with different meanings. This, of
course, represented a restriction for using the concept as a
real health indicator that could be used for policy changes or
even as a starting point for interventions and for comparisons
between different settings or in the same location across
different periods. With the WHO definition and criteria [1],
theoretically, this is no longer a restriction. Notwithstanding
the problem is not yet completely solved since the criteria
for potentially life-threatening conditions and maternal near
miss are still not officially adopted everywhere and the
correspondent routine data is not systematically collected for
surveillance purposes all over the world.

Taking these limitations into account and the availability
of several possible sources of information on maternal mor-
bidity, a considered approach was to build a pragmatic defini-
tion of maternal near miss that could be even retrospectively
applied to obtain relevant information on the condition, in
order to direct next steps for policy changes.

The opportunity came with the information already col-
lected from theWHOGlobal Survey onMaternal and Perina-
tal Health. Several different combinations of conditions that
were hypothesized as possible predictors of maternal death
due to its severity were tested in their predictive capacity
of identifying cases of women who died from a maternal
cause. The group of most common criteria with the highest
accuracy for this prediction included hysterectomy due to
haemorrhage or infection, admission to intensive care unit
(ICU), blood transfusion, and eclampsia. Altogether, they are
now the pragmatic criteria established by the WHO [3].

Although already officially recommended by WHO for
gathering information on maternal morbidity and also for
appraising the quality of maternal healthcare [1, 4], these
criteria are not yet included in routine data collection on care
during childbirth in the majority of countries. The knowl-
edge already available on these conditions comes basically
from some important national and international studies that
are of course episodic and do not constitute a systematic
surveillance system applied to routine care [5–9]. Currently
WHO is doing an effort to conceptualize, classify, and define
criteria for other less severe maternal morbidities and trying
to develop and test specific ways and tools for measuring
the burden of these conditions on the life of women [10–
12]. Therefore, there is still a need for a better understanding
of complications profile in several different settings and
scenarios on the occurrence of maternal morbidity, the role
that severe cases play in maternal health services and the
real capacity of improving the quality of care when a severe
condition is timely identified during the process ofmorbidity.

Keeping these points into account, the objective of the
current study is to perform an exploratory analysis of the
database on maternal and neonatal information for child-
births occurring in several maternity hospitals located in the
Latin America and Caribbean region and coordinated by
CLAP, the Latin American Centre for Perinatology, Women

and Reproductive Health from the Department of Family,
Gender and Life Course of PAHO. The product of this
analysis may be useful for identifying a group of severity
markers taken as a proxy or pragmatic criteria for levels of
severity in maternal morbidity and as well for building a
general profile of maternal morbidity for Latin America and
the Caribbean region.

2. Methods

Information on childbirth in the region of Latin America
and the Caribbean, for both maternal and neonatal health
conditions, has been routinely stored in the SIP (Perinatal
Information System) database, when shared by countries or
health institutions, during more than 25 years [13]. Since
the system started working in 1983, countries and health
facilities from the region can volunteer for using it, filling
the standard forms developed for collecting information on
pregnancy, childbirth, and neonatal conditions, after staff had
been trained.The system is free of charge and currently works
on aweb-based platform, enabling generation of institutional,
country, or regional reports, but only under their specific
request. Therefore, some problems as a cohort effect due to
changing practices and incompleteness of some variables are
possible in the database and represent some of its limitation.

Therefore, although the full SIP database includes more
than 4 million records, for the specific objectives currently
addressed we assessed and analysed a more recent SIP
database containing standardized information on over 700
thousand childbirths which occurred between 2009 and 2012.
In this database, there is information from childbirths which
occurred in some health facilities from 12 countries from
the South Cone, Andean, Central America, and Caribbean
subregions from America (Argentina, Bolivia, Colombia,
El Salvador, Ecuador, Guatemala, Guiana, Honduras, Haiti,
Nicaragua, Paraguay, and Uruguay). The sample for each
country does not necessarily represent all births in the
country for the period nor is proportional to the population
size and therefore is not supposed to be representative of
the respective country. This is the reason why the data
does not allow for analysis of specific country’s reports.
With data routinely collected from all births in the period
occurring in the participating health facilities, the method-
ological approach of the current exploratory analysis is that
of a cross-sectional study. No sample size was previously
estimated because of the huge number of women with data
available, although this was not a population-based study.
Missing information for variables used was assumed to be
randomly distributed among centres, countries, and time
and associated neither with predictors nor with outcomes.
Although the system used for data collection was built to
immediately check for internal consistency and also those in
charge of feeding the online platform with data from health
facilities received training following standardized operating
procedures and instructions, for additional quality control,
several cross-checking instances between variables of interest
were performed for assessing the consistency of the database.
This was performed to improve the quality of data collected.
However, of course, the data refers only to cases from centres
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that voluntarily applied for using the system. No information
at all is available for childbirths occurring at home, at the
health centre, or at any other health facility not using the
system.

This period was chosen because data were gathered with
a data collection form standardized for all participating
facilities and countries and because this is the period imme-
diately before the introduction of some specific information
for identifying maternal near miss cases with the WHO
definition and criteria [1]. The main idea was to test the
possibility of retrospectively assessing big birth registries to
identify different levels of severity ofmaternalmorbidity, thus
contributing to policy changes for improving the quality of
obstetrical care provided to women, and also the relationship
with adverse perinatal outcomes which could have a positive
impact on the care of neonates as well. However, we do
know that the clinical forms were not built with the aim of
identifying a gradient of severity of conditions, but instead
for capturing all diagnosis and conditions understood as
complications occurring during the childbirth process.

In order to achieve the objectives of identifying different
levels of severity for maternal morbidity, in the current
analysis as below outlined, we built the groups using some
possible identifiers from the database:

(1) Group of maternal death (MD): with the purpose of
identifying the cases of maternal deaths, this group
included the women with information that death had
occurred at the health facility or who died during
transport or in the place they were transferred to.This
was used descriptively to estimate maternal mortality
ratio in the sample, howeverwith no classification and
no attribution of cause of maternal death because this
information was not reliably available in the database.

(2) Group of maternal near miss (MNM): to identify
the cases with more severe conditions of maternal
morbidity that could serve as a proxy for maternal
near miss (supposedly with an organ dysfunction
or failure), this group (MNM) was identified using
some pragmatic criteria already described and even
developing a new set of criteria within the database.
This was the group with greater difficulty to be
identified. According to the WHO pragmatic criteria
as a proxy for MNM [3], there were only two specif-
ically recorded in the database: blood transfusion
(any amount) and haemorrhage at any trimester or
postpartum haemorrhage. We then included also
eclampsia or magnesium sulfate used for eclampsia;
cardiac disease; renal disease; or prolonged hospital
stay (>7 days). This was also used descriptively to
build the respective profile of cases of maternal near
miss in the sample.

(3) Group of potentially life-threatening conditions
(PLTC): to identify the cases that could be classified
as PLTC in a proxy to these exact conditions as
defined by WHO [1]. This group was formed with
cases presenting any condition of PLTC defined
by WHO as in part A of the attached Box 1 and
whose corresponding information is available in

specific variables in the SIP database. For this group,
the following conditions were taken into account:
abruption placentae; ectopic pregnancy; ruptured
uterus; postpartum haemorrhage; puerperal sepsis;
puerperal infection; severe preeclampsia with no use
of magnesium sulfate; severe hypertension; any blood
transfusion; placenta previa with haemorrhage; or
another severe condition. Again, this information
was used descriptively to build the respective profile
of PLTC in the sample.

(4) Group of less severe maternal morbidity (LSMM): to
identify the cases of less severe maternal morbidity,
including all other remaining conditions identified
as maternal morbidities with specific information
collected in the SIP, this group constituted cases pre-
senting any morbidity recorded in the SIP database,
other than those above described. For this group,
the following conditions were taken into account:
anaemia, HIV+, diabetes mellitus, hospital admission
during pregnancy, ovular infection, urinary tract
infection, another maternal pathological condition,
retained placenta, or need to be referred. This was
mainly based on the recently issuedmaternalmorbid-
ity matrix, in its dimension one, including symptoms,
signs, investigations, and managements related to
both direct and indirect causes of maternal morbidity
[11].The profile of this group was described according
to some general characteristics of the women and
corresponding health indicators were also reported.

(5) Group of any maternal morbidity (AMM): to identify
all cases ofmaternalmorbidity (joining groups 1 to 4),
from the most severe (death) to the less severe ones,
this is also aligned with the recentWHO proposal for
identifying, classifying, and building a full profile of
maternalmorbidity occurringworldwide [10, 11].This
group was built by joining all the women included
in the previous 4 groups, with any kind of identified
maternal morbidity.

(6) Group of women with no maternal morbidity: this
group represents the remaining women who did not
experience any maternal morbidity during childbirth
and postpartum period as previously described and
survived the event. The remaining women who expe-
rienced no identifiablematernalmorbidity during the
childbirth process were used to build a comparison
group for the above-mentioned maternal morbidity
and mortality groups, to generate information on
factors possibly associated with worse outcomes.

2.1. Ethical Issues. The main purpose of the current analysis
was to explore the capacity of a big database of a birth
registry from Latin America and the Caribbean region to
retrospectively identify different levels of maternal morbidity
according to what is recently recommended by WHO. It
was a methodological exploration approach. The database
was not originally built with the objective of an in-depth
analysis of maternal mortality and morbidity. Therefore, the
analyses allow for neither country variations nor a general
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A. Criteria for potentially life-threatening conditions
Haemorrhagic disorders Hypertensive disorders
Abruptio placentae Severe preeclampsia
Accreta/increta/percreta placenta Eclampsia
Ectopic pregnancy Severe hypertension
Postpartum Haemorrhage Hypertensive encephalopathy
Ruptured uterus HELLP syndrome
Other systemic disorders Severe Management Indicators
Endometritis Blood transfusion
Pulmonary oedema Central venous access
Respiratory failure Hysterectomy
Seizures ICU admission
Sepsis Prolonged hospital stay (>7 postpartum days)
Shock Non-anaesthetic Intubation
Thrombocytopenia <100.000 Return to operating room
Thyroid crisis Surgical intervention
B. Criteria for maternal near miss criteria
Clinical criteria
Acute cyanosis Loss of consciousness lasting ≥12 hours
Gasping Loss of consciousness AND absence of pulse/heart beat
Respiratory rate > 40 or <6/min Stroke
Shock Uncontrollable fit/total paralysis
Oliguria non-responsive to fluids or diuretics Jaundice in the presence of pre-eclampsia
Clotting failure
Laboratory-based criteria
Oxygen saturation < 90% for ≥60 minutes pH < 7.1
PaO2/FiO2 < 200mmHg Lactate > 5
Creatinine ≥ 300 mmol/l or ≥ 3.5mg/dl Acute thrombocytopenia (<50,000 platelets)
Bilirubin > 100 mmol/l or >6.0 mg/dl Loss of consciousness AND the presence of glucose and ketoacidosis in urine
Management-based criteria
Use of continuous vasoactive drugs Intubation and ventilation for ≥60 minutes not related to anaesthesia
Hysterectomy following infection/haemorrhage Dialysis for acute renal failure
Transfusion of ≥5 units red cell transfusion Cardio-pulmonary resuscitation (CPR)

Box 1: TheWHO criteria for potentially life-threatening conditions and maternal near miss (modified from [1]).

and representative scenario of the whole region regarding
maternal morbidity. No woman, health facility, or countries
were identified and this information is not available in the
database. The dataset is regularly fed with the previous
agreement of countries that analyses of data are performed
at regular intervals.The protocol for the current analyses was
previously ethically evaluated and approved by CLAP/WR.
All the recommendations of the Declaration of Helsinki for
studies involving human beings were strictly followed.

2.2. Statistical Analysis. Initially, descriptive analyses were
performed, with the prevalence of these adverse maternal
outcomes determined together with their correspondent
health indicators. Some of these health indicators had already
been described and used [1, 5, 7]. Frequencies of each
maternal outcome (MD, MNM, PLTC, LSMM, and no mor-
bidity) were stratified according to some sociodemographic
factors (maternal age, ethnic group, literacy, and marital
status); clinical history (diabetes, hypertension, preeclampsia,
eclampsia, other severe medical conditions, cardiac disease,
renal disease, and any previous condition); obstetric factors
(parity, number of prenatal care visits, and number of
caesarean sections); habits (smoking, drugs, alcohol, and/or

violence); delivery (year of delivery, onset of labour, and
mode of delivery); and perinatal results (gestational age at
birth, birth weight, Apgar score at the 5th min, vital status
at birth, child condition at discharge, and neonatal near miss
(NNM)). The latter, neonatal near miss, corresponds to a
composite variable including birth weight below 1750 g, or
5th minute Apgar score <7, or gestational age below 33 weeks
[13]. They were then compared to women with no morbidity.

For categorical variables, chi-square tests were used, with
𝑝 values corrected for the cluster design effect (each country
was considered as the primary sampling unit (PSU) andthen
as a cluster). Finally, for the objective of identifyingfactors
independently associated with each degree of the worse
maternal outcome, considering the “no morbidity,” the com-
parison, or reference group, a bivariate and amultiple logistic
regression analysis was performed, using all the predictors
in the model and considering the PSU in both analyses.
These procedures generated estimated crude and adjusted
prevalence ratios (PR + 95% CI) for risky categories of these
factors in developingmaternalmorbidity andworsematernal
outcomes. For statistical analysis, SPSS v.20.0 and Stata v.7.0
packages were used and the level of statistical significancewas
of 0.05.
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Table 1: Prevalence of adverse maternal outcomes and correspondent health indicators. CLAP 2009–2012.

Maternal outcomes 𝑁 % Health indicators
MD 1,028 0.14 MMR = 147.3/100,000 LB
MNM 21,985 3.1 MNMR = 31.5/1000 LB
SMO 23,013 3.2 SMOR = 33.0/1000 LB
PLTC 110,038 15.5 PLTCR = 157.7/1000 LB
LSMM 137,589 19.3 LSMMR = 197.2/1000 LB
AMM 270,640 38.0 AMMR = 387.8/1000 LB
No morbidity 441,441 62.0
Total 712,081 100.0 Total LB: 697,820
AMM: any maternal morbidity; AMMR: any maternal morbidity ratio; LB: live births; LSMM: less severe maternal morbidity; LSMMR: less severe maternal
morbidity ratio; MD: maternal death; MMR: maternal mortality ratio; MNM: maternal near miss; MNMR: maternal near miss ratio; PLTC: potentially life-
threatening condition; PLTCR: potentially life-threatening condition ratio; SMO: severe maternal outcome; SMOR: severe maternal outcome ratio.

Table 2: Prevalence of someprevious pathologicalmaternal conditions according to the type of adversematernal outcomes. CLAP2009–2012.

Previous conditions MD MNM PLTC LSMM Any (AMM) No morbidity 𝑝 value∗

Diabetesa 8 (0.8) 230 (1.1) 861 (0.8) 1681 (1.3) 2780 (1.1) 1043 (0.2) <.001
Hypertensionb 32 (3.2) 952 (4.5) 1971 (1.8) 2310 (1.7) 5265 (2.0) 4704 (1.1) <.001
Preeclampsiac 27 (2.7) 730 (3.4) 1403 (1.3) 2136 (1.6) 4296 (1.6) 3750 (0.9) <.001
Eclampsiad 12 (1.2) 125 (0.6) 176 (0.2) 213 (0.3) 526 (0.2) 594 (0.1) <.001
Other severe conditionse 26 (2.6) 873 (4.1) 5014 (4.7) 3603 (2.7) 9516 (3.6) 5730 (1.3) <.001
Cardiac diseasef 7 (0.7) 227 (1.1) 194 (0.2) 180 (0.1) 608 (0.2) 374 (0.1) <.001
Renal diseaseg 1 (0.1) 105 (0.5) 173 (0.2) 141 (0.1) 420 (0.2) 274 (0.1) <.001
Any previous conditionh 90 (9.1) 2542 (13.0) 8723 (8.3) 8834 (10.4) 20189 (9.6) 14493 (3.5) <.001
∗Pearson Chi-square test. Missing information for a: 2.8%; b: 2.7%; c: 2.8%; d: 11.3%; e: 3.6%; f: 3.4%; g: 3.5%; h: 12.4% of cases; AMM: any maternal morbidity;
LSMM: less severe maternal morbidity; MD: maternal death; MNM: maternal near miss; PLTC: potentially life-threatening condition.

3. Results

The database from SIP used for the current analysis has
information on over 712 thousand women from 12 countries
of Latin America and Caribbean region, who were admitted
to any health facilities using SIP routinely, for delivery or
management of any complication associated with pregnancy.
How these women were classified is presented in Figure 1.
Table 1 shows that 1028 maternal deaths were identified in
the database, representing 0.14% of women included in the
analysis, while maternal near miss occurred in 3.1% of them.
The maternal mortality ratio for the sample was as high as
147.3 per 100,000 live births. Conditions classified as PLTC
were identified in 15.5% of women and LSMM in 19.3% of
them. Therefore, in the sample currently assessed, 38% of
women experienced degree of maternal morbidity.

In Table 2, the prevalence of some previous pathological
conditions is showed according to the occurrence of adverse
maternal outcomes. For all conditions evaluated, including
diabetes, hypertension, preeclampsia, eclampsia, cardiac dis-
ease, renal disease, other severe condition, or any of the
previous conditions, the prevalence significantly increased
with the degree of severity, except for cases of maternal death
that showed similar proportions as for maternal near miss.

The estimated risks for occurrence of maternal death
(MD) were higher for women from ethnic group other than
white (indigenous or black people, 19-fold), with any previous

1,028 MD (0.14%)

21,985 MNM (3.1%)

110,038 PLTC (15.5%)

137,589 LSMM (19.3%)

441,441 women with
no morbidity (62.0%)

SMO
3.2%

270,640
AMM
38.0%

712,081 childbirths from some Latin American
and Caribbean countries from 2009 to 2012

Figure 1: Flow chart of women in the study (AMM: any maternal
morbidity; LSMM: less severe maternal morbidity; MD: maternal
death;MNM:maternal nearmiss; PLTC: potentially life-threatening
condition; SMO: severe maternal outcomes).

pathological condition (2-fold), if labour was induced (1.6-
fold) or birth was through an elective C-section (2-fold),
as shown in Table 3. On the other hand, these risks were
significantly lower for women aged 25–29 years (a 20% lower
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Table 3: Crude (PR) and adjusted (APR) estimated risks of maternal death (MD) and of maternal near miss (MNM) according to some
maternal and obstetric characteristics. CLAP 2009–2012.

Characteristics No morbidity MD PR (95% CI) APR (95% CI) MNM PR (95% CI) APR (95% CI)

Maternal age (years)a

10–19 108,907 276 1.15 [0.89–1.48] 1.43 [0.87–2.35] 5,689 1.21 [1.14–1.27] 1.13 [1.05–1.21]

20–24 128,968 285 Ref. Ref. 5,530 Ref. Ref.

25–29 96,493 187 0.88 [0.74–1.04] 0.79 [0.63–0.98] 4,433 1.07 [0.98–1.16] 1.06 [0.97–1.17]

30–34 64,458 169 1.19 [0.89–1.58] 0.79 [0.61–1.02] 3,432 1.23 [1.12–1.35] 1.12 [0.95–1.32]

35–55 40,585 109 1.21 [0.67–2.19] 0.72 [0.37–1.40] 2,811 1.58 [1.40–1.78] 1.39 [1.04–1.87]

Ethnicity/skin colourb

White 91,116 175 Ref. Ref. 6,556 Ref. Ref.

Mixed 298,612 231 0.40 [0.11–1.42] 0.35 [0.13–0.98] 12,082 0.58 [0.29–1.14] 0.70 [0.47–1.04]

Others 19,328 594 15.55 [4.66–51.96] 18.95 [8.01–44.86] 1,749 1.24 [0.76–2.00] 1.09 [0.84–1.42]

Literacyc

No or primary 203,185 379 0.68 [0.41–1.12] 0.90 [0.58–1.37] 8,418 0.73 [0.62–0.85] 0.96 [0.79–1.16]

Secondary or university 217,307 600 Ref. Ref. 12,616 Ref. Ref.

Marital statusd

Married + stable part 364,380 825 Ref. Ref. 17,369 Ref. Ref.

Single + other 56,037 142 1.12 [0.66–1.89] 0.87 [0.64–1.18] 3,695 1.36 [1.10–1.68] 1.23 [1.09–1.38]

Paritye

Nullipara 153,659 350 0.93 [0.71–1.23] 0.64 [0.36–1.12] 9,963 1.50 [1.37–1.65] 1.32 [1.16–1.50]

Multipara 250,299 612 Ref. Ref. 10,577 Ref. Ref.

Any previous conditionf

Yes 14,493 90 2.75 [1.20–6.29] 2.29 [1.53–3.41] 2,542 3.63 [2.39–5.52] 2.49 [1.88–3.30]

No 398,396 897 Ref. Ref. 17,059 Ref. Ref.
Number of prenatal care
visitsg

0 30,445 60 0.84 [0.47–1.51] 1.05 [0.52–2.11] 1,910 1.22 [0.85–1.74] 1.52 [1.23–1.87]

1–4 115,059 328 1.21 [0.91–1.62] 1.00 [0.81–1.22] 5,623 0.96 [0.79–1.18] 1.21 [1.02–1.45]

>4 252,273 592 Ref. Ref. 12,822 Ref. Ref.
Smoking, drugs, alcohol, or
violenceh

Yes 30,559 76 0.95 [0.16–5.46] 0.87 [0.48–1.58] 2,255 1.70 [1.07–2.70] 1.18 [1.11–1.26]

No 288,779 760 Ref. Ref. 12,176 Ref. Ref.

Previous C-sectioni

Yes 50,662 149 1.27 [0.98–1.63] 0.73 [0.46–1.18] 2,996 1.12 [0.94–1.34] 0.58 [0.51–0.65]

No 303,471 705 Ref. Ref. 15,929 Ref. Ref.

Onset of labourj

Spontaneous 340,966 627 Ref. Ref. 12,910 Ref. Ref.

Induced 20,578 66 1.74 [0.70–4.34] 1.66 [1.22–2.26] 1,436 1.79 [1.52–2.11] 1.20 [0.89–1.62]

Elective C-section 50,673 289 3.09 [1.63–5.85] 1.94 [1.42–2.66] 6,408 3.08 [2.28–4.14] 1.63 [1.17–2.27]

Mode of deliveryk

C-section 123,423 447 1.99 [1.34–2.95] 1.19 [0.94–1.50] 12,877 3.40 [2.80–4.14] 2.37 [1.86–3.01]

Vaginal (any) 310,183 563 Ref. Ref. 8,864 Ref. Ref.

Total 441,441 1028 21,985
Missing information for a: 0.4%; b: 6.9%; c: 4.1%; d: 4.2%; e: 7.6%; f: 12.4%; g: 7.6%; h: 31.1%; i: 16.8%; j: 5.4%; k: 1.2% of cases; APR: adjusted prevalence ratio
(adjusted for cluster effect and all other predictors); MD: maternal death; MNM: maternal near miss.
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risk) and for women frommixed ethnic groups (a 65% lower
risk). It also shows that the estimated risks of maternal near
miss (MNM)were significantly higher for women aged in the
extremes of reproductive period, including 10–19 years (13%
higher risk) and 35–55 years (39% higher risk), with no a
steady partner (23% higher risk), if they are nullipara (32%
higher risk), with any previous morbid condition (2.5-fold),
with a lower number of prenatal visits (21 to 52% higher risk),
for women experiencing smoking, drugs, alcohol, or violence
(18% higher risk), if birth occurred with an elective C-section
(1.6-fold) or simply by C-section (2.4-fold). A previous C-
section was the only condition identified as associated with
a reduced risk of MNM (42% lower risk).

Table 4 reports the estimated risks for PLTC, which were
higher for women aged above 25 years (an average 5% higher
risk), nullipara (14% higher risk), and with any previous
pathological condition (43% higher risk). On the contrary,
these estimated risks were lower for women with no literacy
or schooling until primary level (17% lower risk) and with a
previous C-section (34% lower risk). Finally, the estimated
risks for LSMM were higher for women aged 10–19 years
(10% higher risk), with any previous morbid condition (1.5-
fold), and for women experiencing smoking, drugs, alcohol,
or violence (28% higher risk), with induced labour or elective
C-section (1.3-fold), and delivered by C-section (16% higher
risk). On the other hand, these risks were significantly lower
for women aged 25–34 years (7-8% lower risk), from the
mixed ethnic group, and with no prenatal care (24% lower
risk).

Neonatal outcomes stratified by groups of maternal
morbidity are reported in Table 5. It shows that, generally
speaking, the worse the maternal outcome, the worse the
neonatal outcome. In this way, the prevalence of preterm
birth, low birth weight, neonatal death at maternal discharge,
and neonatal near miss increased significantly with the
worsening of the maternal outcome. While neonatal near
miss occurred in 4.9% of cases with no maternal morbidity,
6.4% of LSMM, 5.2% of PLTC, 14.5% of MNM, and 13.1% of
MD also had such condition.

4. Discussion

The main results of this analysis showed that the overall
MMR for the sample was high and over one-third of the
total cases presented with any morbidity. Following some
midiatic figures, this means that, for each womanwho died in
this sample, 262 others experienced any degree of morbidity
and survived, although they may have had impairments and
functioning disabilities lasting for different periods. While
a minority had severe morbidity, almost one-fifth of them
experienced less severe morbidity, which emphasizes the
need for surveillance and timely and adequate diagnosis
of complications. Apart from these main results, the study
also showed that it is possible to explore a database of
big birth registries in the search for variables or reported
diagnosis with the specific purpose of identifying a gradient
of morbidity. This would enable building a full profile of all
pregnancies that could be a proxy for the theoretical contin-
uumofmorbidity, fromnormal pregnancy tomaternal death.

This gradient seems to work considering that the related
adverse neonatal outcomes matched accordingly. The study
also demonstrated that the history of previous pathological
conditions played an important role in increasing the risk of
severe maternal outcomes, and the same occurred for other
factors already known to be associated, including extremes
of maternal reproductive age, low literacy, absence of a steady
partner, nulliparity, low number of prenatal visits, smoking,
drug or alcohol use or violence, induction of labour, and
elective caesarean section.

The present study has some clear limitations. It developed
an operational definition for some degrees of severity on
maternal morbidity with information on variables already
available in a big database of an international birth registry,
which was not built for that specific purpose. It is not
a population-based study and does not allow generating
estimates for maternal morbidity and mortality stratified for
regions and countries. Unfortunately, there is no information
available on the distribution of births in the settings providing
information for the database. This is the main reason why
data were not stratified by countries. Although the adoption
of a rigorous process of checking and assuring the quality
of data collection and management exists, there is still
some degree of incompleteness of some information and
this is also a limitation. However, this is a retrospective
analysis of a database and therefore we could no longer ask
for additional corrections or completeness. The amount of
missing information is anyway provided for each variable
assessed.

On the other hand, our study has some important
strengths. To the best of our knowledge, this is the first study
trying to capture a full profile of morbidity occurring during
pregnancy using a routine birth registry. According to the
new initiatives fromWHO, this is a recommended procedure
for building a full scenario of the burden ofmaternal morbid-
ity for the women’s lives. Using classifications for a gradient
of maternal morbidity as the currently employed, additional
secondary analysis will also be possible in databases from
birth registries, focusing for instance on maternal morbidity
linked with specific causes like hypertension or postpartum
haemorrhage, twin pregnancy, obesity and overweight, ethnic
groups, and other hot topics that could be easily assessed in
the database, thus generating strong evidence supported by
huge numbers.

The overall MMR found in this analysis was high, almost
150 per 100,000 live births. Despite the fact that recently
an increased trend in the estimated MMR has been shown
for the US in the last decade [14], these trends have been
continuously decreasing following initiatives aligned with
the United Nations Millennium Development Goals [15].
This figure is essentially the same as obtained by the biggest
WHO international study focusing on maternal morbidity
andmortality, which showed anMMR for the first seven days
postpartum of 158 maternal deaths per 100,000 LB for 29
mainly low and middle-income countries for approximately
the same period, although with important regional variations
[7]. The Global Burden of Disease Study showed lower
maternal mortality ratios for Latin American countries in
2013. The study evaluated 17 countries of Andean, Central,



8 BioMed Research International

Table 4:Crude (PR) and adjusted (APR) estimated risks of potentially life-threatening condition (PLTC) andof less severematernalmorbidity
(LSMM) according to some maternal and obstetric characteristics. CLAP 2009–2012.

Characteristics No morbidity PLTC PR (95% CI) APR (95% CI) LSMM PR (95% CI) APR (95% CI)

Maternal age (years)a

10–19 108,907 25468 1.03 [0.92–1.15] 1.05 [0.93–1.19] 35482 1.04 [0.97–1.11] 1.10 [1.02–1.18]

20–24 128,968 29098 Ref. Ref. 40029 Ref. Ref.

25–29 96,493 24018 1.08 [1.00–1.18] 1.05 [1.02–1.08] 28105 0.95 [0.85–1.07] 0.93 [0.89–0.97]

30–34 64,458 18924 1.23 [1.06–1.43] 1.12 [1.05–1.18] 19737 0.99 [0.89–1.10] 0.92 [0.85–0.99]

35–55 40,585 12150 1.25 [1.11–1.42] 1.18 [1.10–1.26] 13714 1.07 [0.94–1.21] 1.00 [0.95–1.06]

Ethnicity/skin colourb

White 91,116 48,646 Ref. Ref. 38,882 Ref. Ref.

Mixed 298,612 48,499 0.40 [0.17–0.94] 0.44 [0.19–1.01] 75,497 0.67 [0.40–1.15] 0.57 [0.41–0.78]

Others 19,328 5,790 0.66 [0.39–1.12] 0.83 [0.54–1.27] 15,303 1.48 [0.97–2.25] 0.99 [0.67–1.47]

Literacyc

No or primary 203,185 40,699 0.71 [0.50–1.02] 0.83 [0.74–0.94] 48,548 0.69 [0.45–1.05] 0.90 [0.74–1.09]

Secondary or university 217,307 66,638 Ref. Ref. 84,547 Ref. Ref.

Marital statusd

Married + stable part 364,380 89,465 Ref. Ref. 110,699 Ref. Ref.

Single + other 56,037 17,616 1.21 [0.99–1.48] 1.04 [0.93–1.15] 22,171 1.22 [0.97–1.53] 1.10 [1.00–1.22]

Paritye

Nullipara 153,659 43,923 1.20 [1.09–1.33] 1.14 [1.06–1.23] 56,559 1.16 [1.04–1.30] 0.95 [0.80–1.13]

Multipara 250,299 56,737 Ref. Ref. 75,554 Ref. Ref.

Any previous conditionf

Yes 14,493 8,723 1.93 [1.29–2.90] 1.43 [1.09–1.87] 8,834 2.36 [1.55–3.58] 1.52 [1.35–1.72]

No 398,396 96,144 Ref. Ref. 76,313 Ref. Ref.
Number of prenatal care
visitsg

0 30,445 6,820 0.78 [0.31–1.99] 0.99 [0.66–1.50] 9,831 0.95 [0.56–1.60] 0.76 [0.61–0.95]

1–4 115,059 22,285 0.69 [0.39–1.22] 0.87 [0.73–1.02] 35,221 0.91 [0.71–1.17] 0.92 [0.79–1.06]

>4 252,273 77,050 Ref. Ref. 87,566 Ref. Ref.
Smoking, drugs, alcohol, or
violenceh

Yes 30,559 17,576 1.76 [0.84–3.72] 1.01 [0.89–1.14] 14,097 2.19 [1.37–3.50] 1.28 [1.15–1.42]

No 288,779 75,450 Ref. Ref. 48,689 Ref. Ref.

Previous C-sectioni

Yes 50,662 8,748 0.68 [0.57–0.82] 0.76 [0.68–0.85] 19,847 1.09 [0.97–1.21] 0.89 [0.80–1.00]

No 303,471 83,961 Ref. Ref. 106,305 Ref. Ref.

Onset of labourj

Spontaneous 340,966 87,326 Ref. Ref. 97,812 Ref. Ref.

Induced 20,578 10,826 1.69 [1.34–2.13] 1.13 [0.87–1.47] 9,894 1.46 [1.25–1.69] 1.39 [1.12–1.73]

Elective C-section 50,673 9,082 0.75 [0.47–1.18] 0.66 [0.46–0.94] 24,656 1.47 [1.16–1.86] 1.33 [1.12–1.58]

Mode of deliveryk

C-section 123,423 27,657 0.88 [0.66–1.18] 0.83 [0.68–1.02] 50,768 1.35 [1.12–1.62] 1.16 [1.05–1.28]

Vaginal (any) 310,183 81,745 Ref. Ref. 85,770 Ref. Ref.

Total 441,441 110,038 137,589
Missing information for a: 0.4%; b: 6.9%; c: 4.1%; d: 4.2%; e: 7.6%; f: 12.4%; g: 7.6%; h: 31.1%; i: 16.8%; j: 5.4%; k: 1.4% of cases; APR: adjusted prevalence ratio
(adjusted for cluster effect and all other predictors); LSMM: less severe maternal morbidity; PLTC: potentially life-threatening condition.
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Table 5: Neonatal outcomes according to the adverse maternal outcomes. CLAP 2009–2012.

Neonatal outcome MD MNM PLTC LSMM Any (AMM) No morbidity 𝑝 value∗

Gestational age at birtha 0.007
<32 weeks 68 (6.9) 1438 (7.0) 3,125 (3.0) 5,116 (3.9) 9,747 (3.8) 10,620 (2.6)
32–36 141 (14.2) 4,114 (20.0) 8,978 (8.5) 13,049 (9.9) 26,282 (10.1) 28,853 (7.0)
≥37 weeks 783 (78.9) 14,985 (73.0) 93,534 (88.5) 113,707 (86.2) 223,009 (86.1) 369,957 (90.4)

Birth weightb <0.001
<2500 g 181 (18.0) 5,364 (24.8) 9,135 (8.4) 14,786 (10.9) 29,466 (11.1) 35,103 (8.1)
2500–3999 g 755 (75.0) 15,451 (71.4) 93,650 (86.4) 113,928 (84.3) 223,784 (84.1) 378,050 (87.6)
≥4000 g 71 (7.1) 822 (3.8) 5,571 (5.1) 6,495 (4.8) 12,959 (4.8) 18,218 (4.2)

Apgar 5th min <7c 49 (5.0) 789 (3.7) 2,105 (2.0) 2,319 (1.7) 5,262 (2.0) 7,363 (1.7) 0.088
Vital status at birth 0.726

Alive 986 (95.1) 21,431 (97.5) 107,788 (98.0) 134,556 (97.8) 264,761 (97.8) 433,059 (98.1)
Fetal death 42 (4.9) 554 (2.5) 2,250 (2.0) 3,033 (2.2) 5,879 (2.2) 8,382 (1.9)

Child condition at maternal
discharged

Alive 736 (95.9) 16,906 (96.7) 97,206 (98.4) 112,886 (98.2) 227,734 (98.1) 365,715 (99.0) 0.027
Neonatal death 28 (3.6) 358 (2.0) 804 (0.8) 915 (0.8) 2,105 (0.9) 2,066 (0.6)
Referred 4 (0.5) 227 (1.3) 824 (0.8) 1,144 (1.0) 2,199 (1.0) 1,792 (0.5)

Neonatal near miss∗∗e 128 (13.1) 2,964 (14.5) 5,516 (5.2) 8,440 (6.4) 17,048 (6.6) 19,757 (4.9) 0.008
∗Pearson Chi-square test corrected by the cluster design effect. ∗∗Neonatal near miss: birthweight < 1750 g or Apgar 5th min <7 or GA <33 weeks; missing
information for a: 6.1%; b: 2.0%; c: 3.0%; d: 15.5%; e: 6.5% of cases; AMM: any maternal morbidity; LSMM: less severe maternal morbidity; MD: maternal
death; MNM: maternal near miss; PLTC: potentially life-threatening condition.

Southern, and Tropical Latin America, showing that all
of them had unremitting decreases of MMR from 1990
to 2013 [16]. Such high figure reveals a still poor health
and social condition of women in the region, although the
figures cannot be considered as descriptive for the whole
region. Although we are currently not stratifying results by
country, the information that a reasonable proportion of
the sample comes from low resourced settings from Latin
America and the Caribbean region is of pivotal importance.
Maternal mortality and morbidity depend not only on the
degree of complication severity but also on the scope of
health services and the quality of care provided to women.
According to some studies, especially in low and middle-
income settings from India, Latin America, and Africa, with
important social inequalities, the disparity in the availability
and use of maternal and child healthcare services contributes
to the poor outcomes seen [17].

The analysis of previous morbid conditions (diabetes,
hypertension, preeclampsia, eclampsia, cardiac disease, renal
disease, and any other severe condition) shows a clear
statement of the risks involving pregnancies with base-
line complications. They presented a clear increase in the
occurrence of any degree of morbidity. This highlights the
importance of understanding and identifying this gradient or
spectrum of complications as a way to provide appropriate
management for anymorbidity that could potentially develop
furthermore severe complications. The Global Burden of
Disease Study showed that around 70% of Latin American
maternal deaths occurred in intrapartum and postpartum
periods. The surveillance of maternal complications during

hospitalization for childbirth might play a key role on pre-
vention of maternal mortality [16]. Therefore, this should be
translated into practice, with efforts for surveillance of clinical
conditions in high-risk antenatal care, using the maternal
near miss and maternal morbidity approaches as the way to
interrupt the process [4].

The sociodemographic and pregnancy characteristics
confirmed known risk factors for poor maternal outcomes,
such as extreme age groups, nonwhite ethnicity, no stable
partner, no prenatal care, smoking, drug and alcohol use,
previous morbid conditions, elective C-section, or induction
of labour. In addition, approximately the same results were
found among cases with severe or less severe morbidity.
Perhaps the best example is that of maternal age, whose
extreme groups, adolescents and older women, are showed
to be at higher risk of developing any degree of severity
for maternal morbidity. Two big multicentre studies using
the new WHO concepts and criteria for severe maternal
outcomes showed similar results [5, 7]. The association
between the lack of a partner support and teenage pregnancy
might improve the likelihood of having a poor birth outcome.
The support or involvement of a partner can affect maternal
behaviour during either prenatal or perinatal periods [18].
The relationship between inadequate use of antenatal care
and maternal death has already been established [19, 20].
The same set has been built by the exposure to smoking,
drugs, alcohol, or violence [21, 22]. They are all known risk
factors and, therefore, screening for substance abuse and
violence during pregnancy should be universal, although
difficult to implement, especially in low resourced settings.
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The recognition of all these conditions, ideally early in
pregnancy, would allow stratifying women in zones of risk
and the adoption of adequate interventions for care [23].

Over one-third of women displayed any maternal mor-
bidity. This figure is quite higher than the mean 9.2% of
adverse outcome index (AOI) described as a way of assessing
the quality of obstetrical care [24]. This impressive finding
leads to two different implications. First, it is possible to
conclude that the implementation of maternal near miss
concept is crucial for approaching the provision of maternal
healthcare [1–4]. Second, although the minority of this 38%
of women had severe morbidity, this emphasizes the lack for
timely and adequate screening, diagnosis of complications,
and its appropriate management and particularly for those
less severe conditions that should also be addressed [10–12].
All these conditions highlight the difficulties to be overcome
in order to achieve both the past United Nations’ Millennium
Development Goals and the current Sustainable Develop-
ment Goals regarding improving maternal health condition
[25]. Therefore, there is a need to reinforce international
efforts to prevent maternal deaths and improve maternity
care.

Neonatal outcomes matched maternal condition when
considering its degree of severity. MD andMNMwere clearly
associated with worse perinatal outcomes and increased
preterm birth rates (especially late preterm). They are due
to either the severity of maternal condition itself that is
able to impair the intrauterine fetal health condition and
as a result of an early interruption of pregnancy because
of the maternal condition, resulting in preterm birth and
its negative consequences. The association of maternal com-
plications with preterm delivery is an emerging topic in
maternal and perinatal health. Provider-initiated preterm
birth, for instance, is closely associated with maternal com-
plications during pregnancy [26, 27]. Although it would be
expected that worse maternal conditions are associated with
worse perinatal outcomes, these results were already formally
described for only one other large scale study focusing on
maternal morbidity [7]. Finally, we hope that additional
similar information could emerge from the analysis of other
big birth registries around the world to strengthen the
evidence between a close association between the degree of
severity in maternal morbidity and maternal and perinatal
outcomes. Hopefully, the same SIP system could in some
few years to come have a more detailed analysis on these
topics, now using the standardized definitions and criteria for
maternal morbidity as recommended by WHO.

5. Conclusion

Considering the high proportion of women experiencing
maternal morbidity with varying degrees of severity and the
need to ensure clinical responses to these differing morbidity
profiles, it is important to develop and sustain active surveil-
lance systems that would theoretically follow women in real
time while they are experiencing the process of pregnancy
and childbirth and possibly some related complications.
Following the WHO recommendation, the SIP birth registry
recently adopted the same concepts and criteria for maternal

near miss [1, 4]. Then we hope that in a near future we
can be able not only to show updated data prospectively
collected on severity of maternal morbidity but also to report
the experience of an international birth registry working as
an online surveillance system for maternal mortality and
morbidity in Latin American and Caribbean settings, the
CLAP-Network [28].
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[11] D. Chou, Ö. Tunçalp, T. Firoz et al., “Constructing maternal
morbidity - towards a standard tool to measure and monitor
maternal health beyond mortality,” BMC Pregnancy and Child-
birth, vol. 16, no. 1, article no. 45, 2016.

[12] L. Say,M. Barreix, D. Chou et al., “Maternalmorbiditymeasure-
ment tool pilot: study protocol,”Reproductive Health, vol. 13, no.
1, article no. 69, 2016.

[13] CLAP – Latin American Center for Perinatology and PAHO,
SIP – Sistema Informatico Perinatal, CLAP/PAHO,Montevideu,
2015.

[14] M. F. Macdorman, E. Declercq, H. Cabral, and C. Morton,
“Recent increases in the u.s. maternal mortality rate: disentan-
gling trends from measurement issues,” Obstetrics & Gynecol-
ogy, vol. 128, no. 3, pp. 447–455, 2016.

[15] World Health Organization, Trends in Maternal Mortality: 1990
to 2015. Estimates by WHO, UNICEF, UNFPA, The World Bank
and the United Nations Population Division, World Health
Organization, Geneva, 2016.

[16] N. J. Kassebaum, A. Bertozzi-Villa, M. S. Coggeshall et al.,
“Global, regional, and national levels and causes of maternal
mortality during 1990–2013: a systematic analysis for the Global
Burden of Disease Study,” Lancet, vol. 384, no. 9947, pp. 980–
1004, 2013.

[17] A. Awasthi, C. M. Pandey, R. K. Chauhan, and U. Singh,
“Disparity in maternal, newborn and child health services
in high focus states in India: a district-level cross-sectional
analysis,” BMJ Open, vol. 6, no. 8, Article ID e009885, 2016.

[18] M. K. Shah, R. E. Gee, and K. P. Theall, “Partner support
and impact on birth outcomes among teen pregnancies in the
United States,” Journal of Pediatric&Adolescent Gynecology, vol.
27, no. 1, pp. 14–19, 2014.

[19] M. Nair, J. J. Kurinczuk, and M. Knight, “Establishing a
national maternal morbidity outcome indicator in England:
a population- based study using routine hospital data,” PLoS
ONE, vol. 11, no. 4, Article ID e0153370, 2016.

[20] S. McCall, M. Nair, and M. Knight, “Factors associated with
maternal mortality at advanced maternal age: a population-
based case-control study,” BJOG: An International Journal of
Obstetrics & Gynaecology, vol. 124, no. 8, pp. 1225–1233, 2017.

[21] A. L. Bianchi, J. McFarlane, S. Cesario, L. Symes, and J. Mad-
doux, “Continued intimate partner violence during pregnancy
and after birth and its effect on child functioning,” JOGNN -
Journal of Obstetric, Gynecologic, and Neonatal Nursing, vol. 45,
no. 4, pp. 601–609, 2016.

[22] S. Dahlin, A. Gunnerbeck, A.-K.Wikström, S. Cnattingius, and
A.-K. Edstedt Bonamy, “Maternal tobacco use and extremely
premature birth – a population-based cohort study,” BJOG: An
International Journal of Obstetrics & Gynaecology, vol. 123, no.
12, pp. 1938–1946, 2016.

[23] T. E. Wright, M. Terplan, S. J. Ondersma et al., “The role of
screening, brief intervention, and referral to treatment in the
perinatal period,” American Journal of Obstetrics & Gynecology,
vol. 215, no. 5, pp. 539–547, 2016.

[24] S. Mann, S. Pratt, P. Gluck et al., “Assessing quality obstetrical
care: development of standardizedmeasures,” Joint Commission
Journal on Quality and Patient Safety, vol. 32, no. 9, pp. 497–505,
2006.

[25] L. Alkema, D. Chou, D. Hogan et al., “Global, regional, and
national levels and trends in maternal mortality between 1990
and 2015, with scenario-based projections to 2030: a systematic
analysis by the un Maternal Mortality Estimation Inter-Agency
Group,”The Lancet, vol. 387, no. 10017, pp. 462–474, 2016.

http://whqlibdoc.who.int/publications/20/_eng.pdf
http://whqlibdoc.who.int/publications/20/_eng.pdf


12 BioMed Research International

[26] N. Morisaki, G. Togoobaatar, J. P. Vogel et al., “Risk factors for
spontaneous and provider-initiated preterm delivery in high
and low Human Development Index countries: a secondary
analysis of theWorldHealthOrganizationMulticountry Survey
on Maternal and Newborn Health.,” BJOG: An International
Journal of Obstetrics and Gynaecology, vol. 121, pp. 101–109, 2014.

[27] R. T. Souza, J. G. Cecatti, R. Passini et al., “The burden of
provider-initiated preterm birth and associated factors: evi-
dence from the brazilian multicenter study on preterm birth
(EMIP),” PLoS ONE, vol. 11, no. 2, Article ID e0148244, 2016.

[28] PAHO/CLAP,CLAP-Network of LatinAmericanAndCaribbean
Sentinel Centers for Surveillance And Investigation on Woman’s,
Maternal And Neonatal Health, PAHO/CLAP, Brasilia, Brazil,
2016, http://www.paho.org/clap/index.php.

http://www.paho.org/clap/index.php


Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


