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Abstract
Objective: To better understand maternal morbidity, using quality data from low-  and 
middle- income countries (LMICs), including out- of- hospital deliveries. Additionally, to 
compare to the WHO estimate that maternal morbidity occurs in 15% of pregnancies, 
which is based largely on hospital- level data.
Methods: The Global Network for Women's and Children's Health Research Maternal 
Newborn Health Registry collected data on all pregnancies from seven sites in six 
LMICs between 2015 and 2020. Rates of maternal mortality and morbidity and 
the differences in morbidity across delivery location and birth attendant type were 
evaluated.
Results: Among the 280 584 deliveries included in the present analysis, the overall 
maternal mortality ratio was 138 per 100 000, while 11.7% of women experienced at 
least one morbidity. Rates of morbidity were generally higher for deliveries occurring 
within hospitals (19.8%) and by physicians (23.6%). The lowest rates of morbidity were 
noted among women delivering in non- hospital healthcare facilities (5.6%) or with 
non- physician clinicians (e.g. nurses, midwives [5.4%]).
Conclusion: The present study shows important differences in reported maternal 
morbidity across delivery sites, with a trend towards lower morbidity in non- hospital 
healthcare facilities and among non- physician clinicians.
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1  |  INTRODUC TION

The international community has long recognized the importance of 
reducing maternal morbidity and mortality, as set forth in the 2000 
United Nations' Millennium Development Goals and continued in 
the 2015 Sustainable Development Goals. This focus has been as-
sociated with important declines, as the number of annual global 
maternal deaths has fallen from about 532 000 in 1990 to 303 000 
in 2015.1 As maternal mortality falls, a more nuanced approach is 
needed to understand the various forms of morbidity that affect the 
short-  and long- term health of women.

There are few published data on the various forms of maternal 
morbidity. Though WHO estimates that 15% of pregnancies will be 
associated with some adverse outcome, more data are needed to im-
prove our understanding of key morbidities.2,3 In order to standard-
ize analysis of maternal morbidity, WHO developed the maternal 
near- miss criteria.4 Numerous studies have been published globally 
on maternal near- miss with rates in the range of 0.6%– 15%. An anal-
ysis from the Global Network for Women's and Children's Health 
Research Maternal Newborn Health Registry (GN MNHR) found a 
rate of maternal near- miss of approximately 4% using modified WHO 
criteria.5,6 However, the WHO maternal near- miss criteria rely on 
data from hospital settings and are difficult to apply in low- resource 
settings, especially for out- of- hospital births.6– 8 Given that an esti-
mated 22% of births still occur outside of hospitals worldwide, it is 
essential to include data from these births when estimating mater-
nal morbidity and mortality.2 Additionally, near- miss events include 
only the most severe forms of maternal morbidity and fail to take 
into account other adverse pregnancy outcomes that, although not 
life- threatening, may significantly impact women and their families.7

The aim of the present study was to estimate the incidence of 
maternal morbidity within a population- based cohort that includes 
a large proportion of out- of- hospital deliveries. Individual and 

composite rates of morbidity are examined across different delivery 
locations and types of providers to help understand the environ-
ment in which these outcomes are taking place. Finally, these rates 
are compared to published data from a variety of global contexts.

2  |  MATERIAL S AND METHODS

The present analysis was conducted using data from the GN MNHR 
between January 2015 and December 2020. The GN is a research 
partnership between U.S.- based academic institutions and institu-
tions based in low-  and middle- income countries (LMICs). In 2008, 
the Global Network initiated the MNHR, a prospective, population- 
based perinatal registry.9 The GN MNHR data for this study are from 
communities at seven sites across six low- income countries (Ubangi 
province, Democratic Republic of the Congo [DRC]; Chimaltenango, 
Guatemala; Nagpur site, Maharashtra State, India; Belagavi, 
Karnataka State, India; western Kenya; Thatta District, Pakistan; and 
Lusaka, Zambia). This analysis includes data collected after 2015, 
when important changes were made to the data collection methods 
within the GN to strengthen the classification of maternal cause of 
death. Data from the Bangladesh site are not included, as the site 
joined the registry in 2019.9

The methods and data quality monitoring of the GN MNHR have 
been published elsewhere.9,10 In general, each site identified eight or 
more geographically defined communities, each of which represents 
the catchment area of a primary healthcare center, with approxi-
mately 300– 500 annual births each. The objective of the GN MNHR 
is to enroll pregnant women by 20 weeks of pregnancy and to obtain 
data on pregnancy interventions and outcomes for all deliveries that 
take place within the catchment area. Community health workers or 
nurses are recruited from the local community to identify and track 
pregnancy outcomes in coordination with community leaders, birth 
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attendants, and other healthcare workers. All pregnant women who 
provide consent are enrolled in the MNHR. Once a pregnant woman 
is identified, consented, and enrolled, staff obtain basic health in-
formation at enrollment. For this analysis, women who were lost to 
follow- up before delivery and pregnancies lost at less than 20 weeks 
of gestation were excluded (Figure 1). Data are formally collected 
at three time- points: at initial antenatal enrollment, within 72 hours 
of delivery, and at 42 days postpartum, though additional informal 
visits are conducted to foster connection with the family.

Definitions used by the GN MNHR for maternal morbidity and 
mortality are shown in Table 1. These definitions are consistent with 
those developed by WHO.11 Maternal morbidities are self- reported 
or obtained from patient's own records by trained research staff at 
the specified time- points. Delivery facilities are classified as hospitals 
if they offer emergency obstetric or neonatal care services including 
provision of cesarean deliveries and safe blood transfusion. Facilities 
are defined as a clinic/health center if they are primarily an outpatient, 
non- hospital health facility without emergency obstetric or neonatal 
care. If deliveries occur outside of either of these facilities, including in 
transit to a facility, they are classified as home deliveries.

The GN MNHR has been approved by the institutional review 
board and ethics review board of all participating foreign and do-
mestic institutions.10 The present study was reviewed and approved 
by the GN MNHR steering committee with representation from all 
study sites. All women provided informed consent for participation, 
including use of de- identified data in future analysis.

3  |  RESULTS

Between January 2015 and December 2020, 301 122 pregnant women 
were enrolled in the MNHR at the seven sites, and 280 584 eligible preg-
nancy outcomes past 20 weeks were recorded (Figure 1). The number 
of delivery outcomes recorded at each site was in the range of approxi-
mately 36 000– 53 000. Most women were aged 20– 29 years, and only 
5.7% were of advanced maternal age (>35 years). The amount of school-
ing varied widely by site, with women having no formal schooling ranging 
from 1.3% at the Kenya site to 82.6% at the Pakistan site. Attendance to 
antenatal care was relatively high, with 62.7% of women attending four 
or more antenatal care visits and only 1.8% of women with no prenatal 
care (Table 2). Across all sites, one- third of deliveries were attended by a 
physician, although this varied from 1.9% in the DRC to 74.3% in Nagpur, 
India. A nurse, midwife, or community health worker attended 44% of 
deliveries overall, while 17% of deliveries were attended by traditional 
birth attendants. One in five births (19.5%) occurred at home, 37.3% in a 
clinic or health center, and 43.2% in a hospital (Table 2).

As shown in Table 3, rates of hemorrhage were similar across 
sites, with an average rate of severe antepartum hemorrhage of 
0.8% (range 0.2%– 2.0%) and a mean severe postpartum hemor-
rhage (PPH) rate of 1.2% (range 0.2%– 2.8%). Overall, hypertensive 
disease, including gestational hypertension, pre- eclampsia, and 
eclampsia, was reported to occur in 2.4% of all pregnancies (range 
0.1%– 4.4%) and perinatal/postpartum infections were reported to 
occur in 1.6% of pregnancies (range 0.3%– 3.8%). Obstructed labor/

F I G U R E  1  Consort diagram of women included for analysis
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failure to progress was noted in 5.8% of pregnancies overall (range 
3.2%– 9.7%). The rates of severe morbidities such as seizures/coma 
and obstetric fistula (data not shown) were too low to make mean-
ingful comparisons and so are not included here. Reported rates of 
morbidity were higher in hospital deliveries for all morbidities ex-
cept PPH and infection. When considering maternal morbidity by 
birth attendant, a similar trend of increased morbidity was seen with 
physician- attended deliveries (Table 4).

To understand larger trends in maternal risk, we determined 
the proportion of pregnancies that had at least one morbidity, and 
those that had two or more morbidities. Overall, 11.7% of pregnan-
cies had at least one morbidity, and 1.7% of pregnancies had two 
or more. This overall morbidity measure was substantially higher 
for hospital deliveries, with 19.8% of pregnancies with at least one 
morbidity and 2.5% with two or more. The same trend was seen for 
physician- attended deliveries, with at least one morbidity noted in 
23.6% of physician- attended deliveries and two or more morbidi-
ties noted in 2.8% of physician- attended deliveries (Table 4).

The overall maternal mortality ratio (MMR) was 138 per 100 000 
live births, which ranged widely across sites (Table 3). While Zambia 
and Kenya had MMRs close to 70 per 100 000 live births, the MMRs 
in the DRC and Pakistan were more than three times that. The high-
est MMR was observed in women who delivered without a medical 
professional (Family/Self/Other; 186 per 100 000) and was least in 
women delivering with a nurse, midwife, or other health worker (44 
per 100 000) (Table 4). Those delivering in clinics or health centers 
had one- third the MMR as those that delivered at home. However, 
as was observed with morbidity, the MMR among those delivering in 
hospitals or with physicians was substantially higher.

4  |  DISCUSSION

The present analysis of a prospective population- based cohort of 
approximately 280 000 pregnant women from six LMICs adds to the 

growing body of evidence regarding population level rates of direct 
maternal morbidities and reveals important differences in outcomes 
based on location of and type of provider at delivery. Comparisons 
between studies, however, are hampered by differences in defini-
tions of morbidities and in methods of measurement.

The rate of severe antepartum hemorrhage in the present study, 
0.8%, was lower than that found by the Alliance for Maternal and 
Newborn Health Improvement (AMANHI) group, though it is similar 
to findings of a systematic review of obstetric hemorrhage by Zafar 
et al.,12 which found an antepartum hemorrhage rate of 0.59% in 
LMICs. Findings from a population- based study in Malawi were also 
similar (1.3%).13 The rate of severe PPH observed in our study, 1.2%, 
is similar to other systematic reviews and population- based stud-
ies.3,12,14– 18 However, objectively measuring the amount of blood 
loss is difficult, and methods of measurement vary greatly between 
studies.15 Subjective measurement, even by trained health workers, 
is imprecise, and typically underestimates the amount of blood lost 
in situations of high- volume loss.19

Our measurement of hypertensive disease of pregnancy 
includes chronic hypertension, gestational hypertension, pre- 
eclampsia, and eclampsia and, at 2.4%, is lower than most pub-
lished estimates, which are in the range of 7%– 16%.14,20 This 
difference may be due to several factors: heterogeneity in the 
reporting of blood pressure and proteinuria measurements across 
different sites and infrequent access to these measurements in 
out- of- hospital births. Despite WHO's endorsement of routine 
blood pressure and proteinuria screening as essential prenatal 
care,21 these assessments are not always performed in Global 
Network settings. In addition, information about hypertension/
pre- eclampsia and eclampsia are self- reported and research staff 
may not have access to medical records, which limits differentia-
tion between types of hypertension. Interestingly, reported rates 
of hypertensive disease are much higher for hospital deliveries, 
4.7%, and for deliveries attended by physicians, 5.6%. While the 
underlying mechanism for this difference is unknown, it is likely 

TA B L E  1  GN MNHR standardized definitions of maternal morbidity and mortality

Maternal adverse outcome GN MNHR definition

Severe antepartum hemorrhage Self- reported blood loss >1000 ml after the 22nd week of pregnancy and before the onset of labor

Severe postpartum hemorrhage Self- reported blood loss of >1000 ml within 24 h after vaginal delivery, or > 1500 ml within 24 h after 
cesarean delivery

Evidence of hypertensive disease, 
pre- eclampsia/ eclampsia, coma

Systolic blood pressure ≥ 140 mm Hg and a diastolic blood pressure ≥ 90 mm Hg on two or more 
occasions after 20 weeks of pregnancy. If urine was assessed, substantial proteinuria was evidenced 
by +, ++, or +++

Severe infection or sepsis A serious illness with symptoms that can include fever, chills, rapid breathing, rapid heart rate, rash, 
confusion, and disorientation. Hypotension and cold, clammy skin can also occur

Transverse, oblique, or breech lie Orientation of the fetus perpendicular or at 45° to the long axis of the uterus, or orientation of the fetus 
where the buttocks, feet, or knees are presented first in the birth canal

Obstructed labor/failure to progress Regular, rhythmic, painful contractions accompanied by cervical dilation that lasts >12 h in multigravida 
or > 24 h in primigravida women

Maternal death Death of a woman during pregnancy or within 42 days of the end of a pregnancy from any cause related 
to or aggravated by the pregnancy, but not from accidental causes or assault, trauma, or suicide

Abbreviation: GN MNHR, Global Network for Women's and Children's Health Research Maternal Newborn Health Registry.
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due in part to more frequent evaluation of blood pressure in 
healthcare settings. In addition, women experiencing a complica-
tion, such as eclamptic seizures, are more likely to be brought to a 
hospital for delivery.

Global estimates of obstructed labor are in the range of 8%– 
11%,14,17,22 higher than the finding of 5.8% in the present study. 
Again, large differences are noted in the rate of obstructed labor 
based on delivery location and provider. The rate of obstructed labor 
in hospital births is noted to be 10.7% compared to a rate of 1.9% in 
home births, and obstructed labor occurred in 13.0% of physician- 
attended deliveries compared to 2.1% of nurse−/midwife- attended 

births. This is likely due to selection bias, as noted above, where 
women experiencing obstructed labor are more likely to be brought 
to a hospital and cared for by a physician.

Given that approximately one- quarter of deliveries globally 
still occur at home,2 including these deliveries in estimates of ma-
ternal morbidity is key to understanding how to address them. The 
increased maternal morbidity and mortality for both hospital and 
physician- attended deliveries in the present study likely represents 
two phenomena. First, women who are known to have high- risk con-
ditions before delivery are encouraged to deliver in hospitals and 
are also more likely to experience a variety of maternal morbidities. 

TA B L E  2  Maternal and delivery characteristics by sitea

Characteristics Overall DRC Zambia Kenya Guatemala Belagavi Nagpur Pakistan

Mothers 280 584 36 741 36 444 40 521 51 476 36 598 40 347 38 457

Maternal age (years) 280 533 36 739 36 441 40 477 51 476 36 598 40 346 38 456

<20 41 157 (14.7) 7639 (20.8) 8658 (23.8) 8864 (21.9) 8804 (17.1) 4479 (12.2) 1011 (2.5) 1702 (4.4)

20– 35 223 497 (79.7) 25 793 (70.2) 24 852 (68.2) 29 769 (73.5) 37 468 (72.8) 31 984 (87.4) 39 102 (96.9) 34 529 (89.8)

>35 15 879 (5.7) 3307 (9.0) 2931 (8.0) 1844 (4.6) 5204 (10.1) 135 (0.4) 233 (0.6) 2225 (5.8)

Maternal years of 
schooling

280 522 36 740 36 443 40 490 51 476 36 595 40 323 38 455

No formal schooling 59 361 (21.2) 13 479 (36.7) 2455 (6.7) 518 (1.3) 5900 (11.5) 4193 (11.5) 1053 (2.6) 31 763 (82.6)

1– 6 years 59 689 (21.3) 15 681 (42.7) 5943 (16.3) 5605 (13.8) 24 011 (46.6) 3674 (10.0) 1758 (4.4) 3017 (7.8)

7– 12 years 142 517 (50.8) 7479 (20.4) 27 468 (75.4) 30 559 (75.5) 17 525 (34.0) 25 091 (68.6) 31 205 (77.4) 3190 (8.3)

≥13 years 18 955 (6.8) 101 (0.3) 577 (1.6) 3808 (9.4) 4040 (7.8) 3637 (9.9) 6307 (15.6) 485 (1.3)

Parity 279 236 36 740 36 443 40 498 51 476 36 597 40 323 37 159

0 88 328 (31.6) 7023 (19.1) 11 412 (31.3) 13 492 (33.3) 15 624 (30.4) 13 347 (36.5) 20 304 (50.4) 7126 (19.2)

1– 2 115 882 (41.5) 11 140 (30.3) 14 592 (40.0) 15 911 (39.3) 21 014 (40.8) 20 696 (56.6) 19 211 (47.6) 13 318 (35.8)

>2 75 026 (26.9) 18 577 (50.6) 10 439 (28.6) 11 095 (27.4) 14 838 (28.8) 2554 (7.0) 808 (2.0) 16 715 (45.0)

Antenatal care visits 280 325 36 688 36 444 40 490 51 410 36 592 40 282 38 419

0 5134 (1.8) 1167 (3.2) 37 (0.1) 378 (0.9) 2290 (4.5) 12 (0.0) 23 (0.1) 1227 (3.2)

1– 3 99 545 (35.5) 18 632 (50.8) 15 932 (43.7) 14 779 (36.5) 17 333 (33.7) 8135 (22.2) 4204 (10.4) 20 530 (53.4)

≥4 175 646 (62.7) 16 889 (46.0) 20 475 (56.2) 25 333 (62.6) 31 787 (61.8) 28 445 (77.7) 36 055 (89.5) 16 662 (43.4)

Delivery attendant 280 440 36 712 36 433 40 507 51 469 36 591 40 331 38 397

Physician 95 305 (34.0) 681 (1.9) 1320 (3.6) 1425 (3.5) 31 457 (61.1) 19 430 (53.1) 29 905 (74.1) 11 087 (28.9)

Nurse/nurse 
midwife/LHW/
HW

123 826 (44.2) 27 571 (75.1) 29 864 (82.0) 31 968 (78.9) 277 (0.5) 16 443 (44.9) 10 264 (25.4) 7439 (19.4)

Traditional birth 
attendant

47 602 (17.0) 6681 (18.2) 1873 (5.1) 4411 (10.9) 19 460 (37.8) 85 (0.2) 32 (0.1) 15 060 (39.2)

Family/self/other 13 707 (4.9) 1779 (4.8) 3376 (9.3) 2703 (6.7) 275 (0.5) 633 (1.7) 130 (0.3) 4811 (12.5)

Delivery location 280 478 36 713 36 433 40 507 51 469 36 591 40 335 38 430

Hospital 121 058 (43.2) 3193 (8.7) 10 084 (27.7) 9681 (23.9) 29 501 (57.3) 21 601 (59.0) 31 581 (78.3) 15 417 (40.1)

Clinic/health center 104 681 (37.3) 26 636 (72.6) 21 014 (57.7) 22 542 (55.6) 197 (0.4) 14 116 (38.6) 8575 (21.3) 11 601 (30.2)

Home/other 54 739 (19.5) 6884 (18.8) 5335 (14.6) 8284 (20.5) 21 771 (42.3) 874 (2.4) 179 (0.4) 11 412 (29.7)

Delivery mode 280 476 36 711 36 433 40 507 51 469 36 591 40 335 38 430

Vaginal 234 174 (83.5) 36 136 (98.4) 35 729 (98.1) 39 392 (97.2) 35 782 (69.5) 27 641 (75.5) 26 950 (66.8) 32 544 (84.7)

Vaginal, assisted 739 (0.3) 83 (0.2) 48 (0.1) 49 (0.1) 12 (0.0) 261 (0.7) 95 (0.2) 191 (0.5)

Cesarean delivery 45 563 (16.2) 492 (1.3) 656 (1.8) 1066 (2.6) 15 675 (30.5) 8689 (23.7) 13 290 (32.9) 5695 (14.8)

Abbreviations: DRC, Democratic Republic of Congo; HW, health worker; LHW, lay- health worker.
aValues are given as number or number (percentage).
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Second, women who intend an out- of- hospital delivery may be 
brought to the hospital once a serious condition develops. This is 
demonstrated in the higher rates of obstructed labor seen in the 
hospital delivery group of the present study. There is a selection bias 
by which women who have developed or are in the process of de-
veloping an adverse outcome are brought to the hospital with little 
time left for prevention.

Interestingly, the morbidity rates are lowest in the group of 
women who deliver at non- hospital healthcare facilities. This same 
trend is seen in relation to delivering with a healthcare provider. 
While morbidity rates are highest among those delivering with 
physicians, this is likely based on the bias discussed above. Those 
delivering with nurses or midwives have lower reported rates of ma-
ternal morbidity. The underlying mechanisms for these trends are 
unknown and is an important area for further study. These findings 
support further investigation into the development of a system of 
levels of maternity care in LMICs, together with robust referral net-
works. Delays in recognition and transfer of women to higher levels 
of care are significant contributors to maternal morbidity, near- miss 
events, and even death, as has been demonstrated in prior stud-
ies.23,24 Yet, policies that encourage all women to deliver within hos-
pitals may lead to a lower quality of care for all patients in settings 
where facilities do not have the capacity to care for the volume of 
deliveries in the community.25

WHO has previously stated that 15% of women will experi-
ence some form of morbidity during pregnancy, though a system-
atic review by Gon et al.3 noted that the quality of available data 
on the majority of maternal morbidities were insufficient to make 
meaningful conclusions. Although our analysis included data from 
out- of- hospital deliveries, it is similarly limited by the quality of the 
data obtained. Overall, 11.7% of women were reported to have en-
countered at least one morbidity during pregnancy. Trends based 
on location of delivery and birth attendant remain similar; 19.8% 
of deliveries that occurred in a hospital had at least one morbidity, 
compared to 5.6% of deliveries in clinic/health centers. Of physician- 
attended deliveries, 23.6% had at least one reported morbidity, 
compared to 5.4% of nurse−/midwife- attended deliveries.

There are several strengths and limitations to this current analy-
sis. The MNHR sites use common definitions, training, and protocols 
for data collection. Yet there are significant variations in outcomes 
by site that may represent differences in reporting of morbidities, 
and underreporting is especially important for home deliveries. 
Though some outcomes— such as blood transfusion, hysterectomy, 
and dilation and curettage procedures— are objective, more proximal 
outcomes such as PPH are self- reported or from the patient's own 
records and thus susceptible to bias. It is challenging to incorporate 
objective laboratory data in large population- based studies where 
these measures are not routinely used, as has been noted in other 
similar studies.5,14 There are several strengths as well. The present 
dataset includes outcomes from a large proportion of out- of- hospital 
births for which little data are currently published from LMICs. 
Additionally, this is a true population- level cohort, including nearly 
99% of the pregnancies from the geographic areas included.TA
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In conclusion, estimates of maternal morbidity and mortality 
that exclude out- of- hospital deliveries may not estimate their 
true incidence. Our analysis shows important differences in ma-
ternal morbidity across delivery sites, with a trend towards lower 
morbidity in non- hospital healthcare facilities. Further investi-
gation should be undertaken to better understand this trend as 
it could have implications on policies and funding for maternal 
health care.
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