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Abstract
Background The Obstetric Comorbidity Index (OBCMI) is an internationally validated scoring system for maternal 
risk factors intended to reliably predict the occurrence of severe maternal morbidity (SMM). This retrospective cohort 
study applied the OBCMI to pregnant women in Qatar to validate its performance in predicting SMM and cumulative 
fetal morbidity.

Methods Data from 1000 women who delivered in July 2021 in a large tertiary centre was extracted from medical 
records. The OBCMI index included maternal demographics, pre-existing comorbidities, and various current 
pregnancy risk factors such as hypertension, including preeclampsia, intrauterine fetal death, prolonged rupture of 
membranes and unbooked pregnancies. SMM was based on the ACOG consensus definition, and the cumulative 
fetal morbidity (CFM) included fetal distress in labour, low APGAR and umbilical artery (UA) pH, admission to neonatal 
intensive care (NICU), and hypoxic-ischemic encephalopathy (HIE). A c-statistic or area under curve (AUC) was 
calculated to determine the ability of OBCMI to predict SMM and CFM.

Results The median OBCMI score for the cohort was 1 (interquartile range- 0 to 2); 50% of women scored 0, while 
85% (n = 842) had a score ranging from 0 to 2. Ten women (1%) scored ≥ 7; the highest score was 10. The incidence of 
SMM was 13%. According to the modified scoring system, the mean OBCMI score in those who developed SMM was 
2.18 (± 2.20) compared to a mean of 1.04 (± 1.40) in those who did not (median 1, IQR:1–3 versus median 0, IQR: 0–2; 
p < 0.001). The incidence of CFM was 11.3%. The incidence of low APGAR score, HIE and NICU admission was nearly 1 
in 1000. Around 5% of the babies had fetal distress in labour and low UA pH. For every 1 unit increase in OBCMI score, 
the odds of SMM increased by 44% (OR 1.44 95% CI 1.30–1.59; p < 0.001; AUC 0.66), and CFM increased by 28% (OR 
1.28 95% CI 1.15–1.42; p < 0.001; AUC 0.61). A cut-off score of 4 had a high specificity (> 90%); 1 in 4 and 1 in 6 women 
with OBCMI score ≥ 4 developed SMM and CFM, respectively.
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Introduction
Severe maternal morbidity (SMM) can be considered 
as unexpected maternal outcomes of labour and deliv-
ery, resulting in adverse maternal health consequences 
and possibly maternal death [1]. Risk factors for mater-
nal morbidity have the potential to identify women 
at increased risk of developing SMM, enabling timely 
interventions to reduce the occurrence or severity of 
the SMM and, in turn, reduce maternal mortality. Over 
the past decades, there has been an upward trend in the 
prevalence of SMM worldwide, coinciding with the ris-
ing caesarean section rate and increasing maternal age 
[2]. More than 60% of maternal mortality and morbidity 
are due to preventable factors [3], highlighting the need 
for appropriate risk screening and early identification of 
high-risk maternal factors to flatten this upward trend in 
SMM.

Unpublished data from Qatar (2019) identified 108 
intensive care admissions related to pregnancy com-
plications over three years (2.18 per 1000 deliveries); 
obstetric hemorrhage and sepsis accounted for approxi-
mately 60% of admissions. Qatar Early Warning Sys-
tems (QEWS) enable early identification of patients with 
abnormal vital signs at risk of clinical deterioration [4], 
resulting in appropriate escalation of care and timely 
intervention. However, this system is based on a reactive 
approach to changes in vital signs and may lack specific-
ity to identify deterioration in the pregnant population 
due to the maternal physiological changes in pregnancy 
[5]. Therefore, in addition to such systems, a proactive 
method of risk assessment focussing on maternal comor-
bidities becomes necessary to red-flag high-risk patients 
to reduce SMM [6]. Such a risk assessment will help 
incorporate a multidisciplinary approach and help with 
the early mobilisation of the appropriate level of clinical 
expertise for the care of these patients [7].

The Obstetric Comorbidity Index (OBCMI) was gen-
erated in 2013 by combining various maternal comor-
bidities using prediction modelling techniques, assigning 
weights to each comorbidity based on their impact on 
SMM [8]. The combined numerical score has a moder-
ately good ability to predict SMM and has been validated 
with similar results in different populations [9–12]. Addi-
tional morbidities were included in a modified OBCMI 
score in 2018 that reported a rapid increase in the risk of 
SMM with the increase in OBCMI score, with the odds 
increasing by 55% for every unit increase in OBCMI [13]. 

This score was developed specifically for SMM and not 
evaluated for predicting fetal morbidity. Since maternal 
morbidity is associated with higher fetal morbidity, it is 
possible to utilise OBCMI to predict fetal morbidity as 
well.

The application of the OBCMI in a high-risk maternity 
tertiary referral unit in Qatar will enable the triaging of 
patients admitted for delivery and the modification of 
management pathways to optimize patient care within 
the delivery room. This retrospective observational 
study evaluates the performance of OBCMI in predict-
ing severe maternal morbidity and fetal morbidity in the 
pregnant women of Qatar.

Methods
Study design and setting
A retrospective cohort study of 1000 women delivering at 
Women’s Wellness and Research Centre (WWRC) dur-
ing July 2021 was performed. WWRC is the only tertiary 
hospital in Qatar, with a delivery rate of around 15,000–
18,000 deliveries per annum. The study was approved by 
the Medical Research Centre, Hamad Medical Corpora-
tion (MRC-01-22-067), with a waiver of informed con-
sent as only existing data from medical records was used 
for the analysis. The STROBE checklist was used to pre-
pare this manuscript.

Participants
All women delivering at more than 24 weeks gestational 
age (GA) in July 2021 (randomly chosen month) were 
considered for inclusion. There were 1,892 live births 
recorded in the State of Qatar in July 2021 [14]; nearly 
70% delivered at WWRC. A random selection of 1000 
women delivering at WWRC during the chosen month 
was included in this study. The selection was done by 
sorting the health card numbers from smallest to largest 
and choosing the first 1000 women; since there is no way 
to predict the sequence of health card numbers, this pro-
cess resulted in a random selection. There were no other 
exclusion criteria. The study period was from admission 
to the hospital for delivery up to 72 h postpartum.

Variables
All data was extracted directly from medical health 
records by well-trained data collectors. The maternal 
demographic variables included age in years (catego-
rized into five categories from < 30 years to ≥ 45 years), 

Conclusion The OBCMI performed moderately well in predicting SMM in pregnant women of Qatar and can be 
effectively used as a risk assessment tool to red-flag high-risk cases so that appropriate and timely multidisciplinary 
care can be initiated to reduce SMM and maternal mortality. The index is also helpful in predicting fetal morbidity; 
however, further prospective studies are required to validate OBCMI for CFM.
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nationality (Qatari and Non-Qatari), parity- defined as 
the number of prior births of more than 24 weeks GA 
(categorized into nulliparous, multiparous- parity 1–4, 
and grand multiparous- parity > 4), and maternal body 
mass index (BMI).

The OBCMI scores were calculated using maternal 
demographics, past medical history, and current preg-
nancy risk factors according to prediction models devel-
oped and validated by Bateman et al. in 2013 [8] and 
later modified by Easter et al. in 2019 [13]. The scores 
were assigned to predictors based on their coefficients 
in the models. The highest weights were given to severe 
preeclampsia/ eclampsia and congestive heart failure (5 
points each), followed by congenital heart disease/ car-
diac valvular disease and pulmonary hypertension (4 
points each), chronic ischemic heart disease/ cardiac 
arrhythmia, sickle cell disease, bleeding disorder or coag-
ulopathy (3 points each), multiple gestation, intrauterine 
fetal demise (IUFD), systemic lupus erythematosus or 
autoimmune disease, mild or unspecified preeclampsia, 
gestational hypertension, preexisting hypertension, pla-
centa previa including suspected accrete spectrum and 
abruption, epilepsy, cerebrovascular accident, human 
immunodeficiency virus infection (HIV) or substance 
abuse (2 points each), chronic renal failure, previous 
uterine surgery, asthma, preexisting diabetes on insulin, 
or alcohol abuse (1 point each), as detailed in Appendix 
1.

We have adopted the scoring system by Easter et al. as 
the Validated scoring system in this study. Additionally, 
we created a Modified scoring system including two more 
variables- spontaneous rupture of membranes more than 
48 h (SROM) and pregnancies lacking adequate antena-
tal care (unbooked), due to their relevance in our setting. 
Each of these variables were assigned a score of 2 due to 
their importance in increasing maternal and fetal mor-
bidity. A review of the variables scoring 2 and above in 
OBCMI was done, and based on clinical experience and 
joint consensus, the decision was taken to assign scores 
of 2 to these variables.

Maternal age was scored according to categories: 
age > 44 years getting a score of three, 40–44 years scored 
two and 35–39 years scored one. Similarly, maternal 
body mass index (BMI) was scored according to catego-
ries: BMI > 50, getting a score of 3, and BMI > 40, scoring 
2. The women were scored for gestational hypertension 
only in the absence of preexisting hypertension and any 
form of preeclampsia. Similarly, they were scored only for 
the highest BMI category and only for one age category. 
The range of total scores possible was from 0 to 46. The 
OBCMI scores were calculated for these women based 
on the indicators present when they were admitted to the 
labor ward for delivery.

Apart from the variables used to calculate the OBCMI, 
other pregnancy and labour variables collected were the 
type of labour analgesia or anesthesia (epidural, spinal 
or general anesthesia), mode of delivery (vaginal versus 
cesarean), GA at birth in completed weeks, and fetal 
birthweight in grams measured immediately after birth.

The outcome variables included severe maternal mor-
bidity (SMM) and cumulative fetal morbidity (CFM). The 
SMM was defined as any of the severe maternal morbid-
ity indicators of maternal end-organ damage occurring 
during labour, delivery and in the immediate postpartum 
period (and up to 72 h after birth, whichever is earlier). 
These included postpartum hemorrhage- defined as 
obstetric hemorrhage at the time of delivery that might 
require blood transfusion and/or other life-saving mea-
sures, admission to high dependency unit, requiring close 
monitoring and invasive life-saving procedures, surgi-
cal complications including visceral and vessel injuries, 
sepsis, cardiac, renal, and neurological complications, 
complications of severe preeclampsia, anesthesia compli-
cations and maternal death. The SMM was defined based 
on the American College of Obstetrics and Gynecology 
(ACOG) 2016 consensus definition [1].

For the CFM, the fetal morbidity indicators included 
were fetal distress in labor requiring cesarean delivery, 
low APGAR score at 5 min (< 6), low umbilical artery pH- 
less than 7.2, hypoxic-ischemic encephalopathy (HIE) as 
diagnosed by the consulting neonatologist after investi-
gations, and neonatal intensive care (NICU) admission 
for respiratory concerns or asphyxia. Babies with any of 
the above factors in the immediate postpartum period 
would be considered as having serious fetal morbidity.

Statistical analysis
The continuous demographic variables were reported as 
mean ± standard deviation (SD) or median ± interquar-
tile range (IQR) depending on the variable distribution 
(assessed by histograms and Shapiro Wilk test). Factor 
variables were presented as frequencies and percentages 
of the total. The OBCMI score for the entire cohort was 
reported as median ± IQR (ordinal variable). The propor-
tions of women with each OBCMI score were plotted in a 
cumulative frequency graph.

The maternal and fetal morbidity indicators were 
reported as frequencies and percentages of the total. 
The median OBCMI scores in those with the outcome 
and those without were compared using the Wilcoxon 
rank-sum test. Logistic regression models calculated 
the increase in the odds of each indicator for every 
unit increase in OBCMI, reported as odds ratios (ORs) 
and 95% confidence intervals (CIs). Wald p-values were 
reported, and a p-value less than 0.05 was used as the 
cut-off probability for considering the null hypothesis as 
false.
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Receptor-operative characteristic (ROC) analyses were 
used to determine the sensitivity and specificity of each 
OBCMI score if used as a cut-off to predict maternal and 
fetal morbidity. The sensitivity and 1-specificity values 
were plotted to obtain ROC curves, and the area under 
the curve (AUC) with 95% CIs was calculated to deter-
mine the ability of the OBCMI scores to discriminate 
between those with or without morbidity. An AUC of 
≥ 0.65 was expected for maternal morbidity based on past 
publications.

To determine an OBCMI score cut-off, a combination 
of sensitivity, specificity and number needed to harm 
(NNH) was used. The morbidity risk difference (RD) 
between those scoring below the cut-off and those above 
the cut-off was calculated, and the NNH was equal to 
100/%RD. Since we were more concerned about reduc-
ing the false negatives, we aimed for a high specificity 
(> 90%), and high negative predictive value (NPV > 90%). 
Risk ratios and 95% CIs were calculated using generalized 
linear models (binary family).

The above analysis was initially done in the previously 
validated scoring system and then repeated in our modi-
fied version, including additional comorbidities. The per-
formance of the models were compared by comparing 
the ROC curves and AUCs. A p value less than 0.05 was 
considered as the cut-off for statistical significance. All 
statistical analysis was done using STATA 18.0 BE (Col-
lege Station, TX: StataCorp, LP).

Results
A total of 999 women were included in the analysis. The 
demographics of the cohort are shown in Table  1. The 
mean age was 31 years (± 5.5), the majority (40%) belong-
ing to < 30 years age group and 6% above 40 years. One-
third of the cohort were Qatari nationals, with a median 
parity of 2 (IQR 1 to 3, SD = 1.7). The mode of delivery 
was by cesarean in 36% of the sample, with the median 
GA at birth being 38 completed weeks (IQR 37–39).

Almost 5% of the cohort had a BMI > 40 kg/m2 or were 
diabetic on insulin. Nearly a third (27.2%) had a previous 
uterine scar (cesarean or myomectomy), and 3.5% had a 
prior medical comorbidity (autoimmune, hematological, 
neurological, cardiovascular, pulmonary, or renal dis-
ease). 3.4% of the women had hypertension in pregnancy, 
with an additional 1.4% having severe preeclampsia or 
eclampsia. Four pregnancies resulted in IUFD, and 2.2% 
had placental complications such as placenta previa or 
abruption. 3.4% of the pregnancies were unbooked, 2.8% 
were multiple gestation (twins/triplets), and nearly 2% 
had SROM for 48  h. None of the women in the cohort 
were HIV positive or had a history of substance or alco-
hol dependency.

The median OBCMI score, as per the original system, 
was 0 (IQR- 0 to 2). 50% of the women had a score of 0, 

while nearly 86% of women (n = 862) had a score ranging 
from 0 to 2. Only eight women (0.8%) had an OBCMI 
score ≥ 7. The highest score in this cohort was 10. Using 
our modified version, the mean score was 1(IQR 0 to 2), 
with 47% having a score of 0, 84% until score of 2, and ten 
women having high scores. Figure 1 shows the cumula-
tive frequencies of both scoring systems.

SMM was observed in 130 women (13.1%), as shown in 
Table 2. As per the original system, the mean OBCMI in 
those who developed SMM was 2.09 (± 2.19) compared 
to a mean of 0.93 (± 1.33) in those who did not (median 
1, IQR:0–3 versus median 0, IQR: 0–1; p < 0.001). As per 
our modified scoring, the mean score for SMM was 2.18 
(± 2.20) compared to 1.04 (± 1.40) (median 1, IQR:1–3 
versus median 0, IQR: 0–2; p < 0.001). For every 1 unit 
increase in OBCMI score, the odds of SMM increased 
by 44% (OR 1.44 95% CI 1.30–1.59; p < 0.001), which was 
similar to the increase in odds observed with the vali-
dated scoring.

Statistically significant indicators contributing to SMM 
as per our modified scoring included admission to HDU, 
surgical, neurological and chest complications, the odds 
increasing by 92%, 27%, 40% and 44%, respectively, for 
every unit increase in OBCMI score (OR 1.92 95% CI 
1.67–2.21, p < 0.001; OR 1.27 95% CI 1.09–1.47, p = 0.002; 
OR 1.40 95% CI 1.04–1.88, p = 0.024; OR 1.44 (1.04-2.00, 
p = 0.029 respectively), which was roughly similar to the 
validated scoring. The odds of sepsis and cardiac com-
plications increased by 20% for every unit increase in 
OBCMI scores; however, they were not statistically sig-
nificant. There were no maternal deaths in this sample.

The CFM was observed in 113 babies (11.3%). For 
the validated scoring, the mean OBCMI score in those 
with CFM was 1.64 (± 1.90) compared to a mean of 1.00 
(± 1.45) in those who did not (median 1, IQR:0–2 versus 
median 0, IQR: 0–2; p < 0.001). For our modified system, 
the mean OBCMI score for CFM was 1.85 (± 2.02) com-
pared to 1.10 (± 1.50) (median 1, IQR:0–3 versus median 
1, IQR: 0–2; p < 0.001). The odds of CFM increased by 
28% for every unit increase in OBCMI scores, as shown 
in Table  2, similar to the validated scoring. The signifi-
cant contributors toward CFM included fetal distress in 
labour requiring CD and low APGAR score at 5 min (OR 
1.36, 95% CI 1.19–1.55, p < 0.001; OR 1.42, 95% CI 1.08–
1.87, p = 0.013, respectively). The low APGAR score was 
statistically significant with our modified scoring system 
but not so with the validated system.

The proportion of women having SMM increased 
steadily as the OBCMI score increased; 75% of women 
with a score of 7 and above developed SMM, compared 
to only 7% with a score of 0 using both scoring systems 
(Fig. 2). The ROC analysis is shown in Fig. 3, with AUC 
being 0.66 (CI 0.61–0.71), showing moderate discrimi-
nation. There is no statistically significant difference 
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between the AUCs of the validated and modified scoring 
systems (p = 0.642). The sensitivity and specificity for each 
OBCMI cut-off are shown in Table 3. Adopting a cut-off 
score ≥ 4 will give a specificity of > 90% and sensitivity 
of 23–24% for identifying SMM, with correct classifica-
tion in 84–85% of cases and a NPV of nearly 90%, using 
either of the scoring systems. As per the validated scor-
ing system, 38.5% of women with an OBCMI score ≥ 4 
developed SMM compared to 10.9% of the remaining 
(Table  4); the absolute risk difference was 27.6% (Risk 
ratio 3.5, 95% CI 2.5-5.0). The NNH was calculated as 
3.6 (absolute number 4); this meant that 1 in every four 
women with a score ≥ 4 had a risk of developing SMM. 
Similarly, according to the modified scoring system, the 

absolute risk difference for cut off ≥ 4 was 23.6% (Risk 
ratio 3.2, 95% CI 2.3–4.4), giving a similar NNH of 4.

The rise in the proportion of babies with CFM was 
mainly seen for OBCMI scores ≥ 7. In the validate scor-
ing system, 50% of women with scores of 7 developed 
CFM increasing to 63% when using our modified scor-
ing (Fig.  2). The ROC analysis is shown in Fig.  3, the 
AUC being 0.61 (CI 0.55–0.66), showing low to moder-
ate discrimination (no statistical difference between vali-
dated and modified scoring, p = 0.317). Similar to SMM, a 
cut-off score of ≥ 4 gave a specificity of > 90% and correct 
classification in nearly 85%, using either scoring systems. 
The modified scoring adopted in our study had a better 
sensitivity compared to the validated system (21% vs. 

Table 1 Maternal demographics, pregnancy risk factors and OBCMI scores
Maternal demographics
Total N=999

n %N

Maternal age (years) Mean ± SD 30.9 ± 5.5
Maternal age <30 years 395 39.7%

30-34 years 354 35.6%
*35-39 years 184 18.5%
*40-44 years 58 5.8%
*≥45 years 3 0.3%

Nationality Qatari 303 30.3%
Non-Qatari 696 69.7%

Parity (number of births >24 weeks gestation) Mean ± SD 2.1 ± 1.7
Parity groups Nulliparous (0) 181 18.2%

Multiparous (1–4) 733 73.6%
Grand multiparous (>4) 82 8.2%

*BMI >40 kg/m2 47 4.7%
*BMI >50 kg/m2 2 0.2%
*Previous caesarean section or myomectomy 272 27.2%
*Diabetic on insulin 49 4.9%
*Autoimmune, haematological, neurological, cardiovascular disease, asthma, and chronic renal disease 35 3.5%
Current pregnancy risk factors
**Unbooked pregnancy 34 3.4%
*Multiple gestation 28 2.8%
*Preeclampsia/ gestational hypertension/ chronic hypertension 34 3.4%
*Preeclampsia with severe features/ eclampsia 14 1.4%
**Rupture of membranes >48 h 19 1.9%
*Placenta previa/ accreta/ suspected abruption 22 2.2%
*Intrauterine fetal death 4 0.4%
Labor analgesia/ anaesthesia None 340 34.2%

Epidural 371 37.3%
Spinal 272 27.3%
General anaesthesia 12 1.2%

Mode of delivery Vaginal 641 64.2%
Caesarean 358 35.8%

Gestational age at birth (completed weeks) Median (IQR) 38 (37-39)
Estimated fetal birthweight in grams #; Mean ± SD 3113 ± 584
Obstetric Comorbidity index (OBCMI) Median (IQR) 1 (0-2)
* Used for the calculation of the OBCMI score, ** additionally added in the modified scoring; SD- standard deviation; IQR- interquartile range; #- only singleton 
birthweights used; cardiovascular disease includes congenital and ischemic heart disease and arrhythmia; haematological disease includes sickle cell, 
hemoglobinopathies, bleeding disorders, coagulopathy, and use of anticoagulation; neurological disease includes epilepsy, cerebrovascular accident, and 
neuromuscular disorders
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18%) for detecting CFM (Table  3). As per the validated 
system, 26.7% of women with an OBCMI score ≥ 4 devel-
oped CFM compared to 9.8% of the remaining (Table 4); 
the absolute risk difference was 17% (Risk ratio 2.5, 95% 
CI 1.7–3.9). This meant that 1 in every six babies born to 
women with an OBCMI score ≥ 4 had a risk of develop-
ing CFM. Similarly, for the modified scoring system, the 
absolute risk difference was 16.9% resulting in a NNH of 
6 (Risk ratio 2.7, 95% CI 1.8-4.0).

A post-hoc power analysis was done to check the ade-
quacy of the sample size. For SMM, the sample had more 
than 99% power to detect differences between those who 
had OBCMI score 0 versus score ≥ 1, as well as score < 4 
and ≥ 4. For CFM, the power was 85% to detect differ-
ences between score 0 and ≥ 1; this increased to more 
than 95% for score < 4 versus ≥ 4.

Table 2 Maternal and fetal morbidity indicators during labor and delivery, including odds ratios for every unit increase in OBCMI score 
(95%CI)
Variable (N=999) n %N Validated OBCMI Modified OBCMI

OR for every unit 
increase in OBCMI 
(95%CI)

p-value OR for every unit 
increase in OBCMI 
(95%CI)

p-value

Postpartum haemorrhage 42 4.2% 1.14 (0.96-1.36) 0.132 1.11 (0.94-1.32) 0.223
Admission to high dependency unit 55 5.5% 1.96 (1.71-2.27) <0.001 1.92 (1.67-2.21) <0.001
Surgical complications 42 4.2% 1.28 (1.10-1.49) 0.002 1.27 (1.09-1.47) 0.002
Sepsis 14 1.4% 1.25 (0.97-1.62) 0.087 1.25 (0.97-1.61) 0.081
Cardiac complications 6 0.6% 1.16 (0.75-1.78) 0.501 1.22 (0.82-1.81) 0.319
Chest complications 8 0.8% 1.31 (0.95-1.80) 0.096 1.40 (1.04-1.88) 0.024
Renal complications 21 2.1% 0.80 (0.46-1.39) 0.432 0.76 (0.44-1.33) 0.334
Neurological complications 11 1.1% 1.48 (1.07-2.03) 0.017 1.44 (1.04-2.00) 0.029
Anaesthesia complications 5 0.5% 0.74 (0.31-1.74) 0.486 0.92 (0.49-1.71) 0.792
Cumulative maternal morbidity (yes) 130 13.1% 1.46 (1.33-1.63) <0.001 1.44 (1.30-1.59) <0.001
Fetal distress in labor requiring caesarean 56 5.6% 1.33 (1.17-1.52) <0.001 1.36 (1.19-1.55) <0.001
Low APGAR score at 5 min (<6) 9 0.9% 1.28 (0.94-1.74) 0.118 1.42 (1.08-1.87) 0.013
Low umbilical artery pH (<7.2) 49 4.9% 1.08 (0.91-1.28) 0.384 1.08 (0.92-1.28) 0.357
Hypoxic Ischemic Encephalopathy 9 0.9% 0.91 (0.56-1.49) 0.706 0.97 (0.63-1.50) 0.887
NICU admission for asphyxia 12 1.2% 1.16 (0.86-1.57) 0.340 1.22 (0.92-1.62) 0.158
Cumulative fetal morbidity (yes) 113 11.3% 1.25 (1.12-1.39) <0.001 1.28 (1.15-1.42) <0.001
OR- odds ratios; CI- confidence interval; OBCMI- Obstetric comorbidity index; p<0.05 considered strong evidence against the null hypothesis. Odd ratios determined 
using logistic regression models with OBCMI as the independent variable

Fig. 1 The cumulative frequencies of obstetric comorbidity index scores
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Discussion
This study demonstrates that screening pregnant women 
in Qatar with the obstetric comorbidity index at the time 
of elective or emergency admissions for delivery can be 
beneficial in predicting intrapartum and postpartum 
severe maternal morbidity. According to the modified 
scoring system used in our study, the odds of any mater-
nal morbidity increase by 44% with every unit increase 
in OBCMI. Additionally, a cut-off score of 4 has a high 

specificity in predicting morbidity, with those scoring 
four and above having at least three times higher risk 
of SMM and an NNH of four. OBCMI has a moderate 
predictive ability when it comes to maternal morbidity. 
However, in the case of fetal morbidity, the discrimina-
tory ability of OBCMI is lower. A score of 4 and above 
has a high specificity for fetal morbidity, but only 1 in 6 
women with that cut-off score will develop CFM. The 

Fig. 2 Proportion of women with maternal and fetal outcomes for each OBCMI score (according to the Validated scoring system and the Modified scor-
ing system in this study)
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modified scoring was similar to the validated system for 
SMM but did better for predicting CFM.

The OBCMI was initially generated and validated by 
Bateman et al. in 2013 [8] in a sample of 854,823 com-
pleted pregnancies identified from Medicaid data from 
the US from 2000 to 2007. The model was generated 
using 21 maternal factors, and weights applied to each 
covariate depending on the magnitude of their coef-
ficients for predicting SMM. They validated the score 
in 1/3rd of the cohort and compared them to existing 

indices, such as the Charlson/ Romano index [15, 16] 
and the Elixhauser index [17], that are used to combine 
morbidities into meaningful indices capable of predicting 
adverse events but not validated in the obstetric popu-
lation. The study reported that OBCMI performed bet-
ter than the existing indices for predicting SMM in an 
obstetric population.

Bateman et al. reported SMM in 1.16% of pregnancies 
in their sample. In our study, we report a 13% observed 
risk of SMM. This difference could be due to several 

Fig. 3 ROC curves for the prediction of severe maternal morbidity (SMM) and cumulative fetal morbidity (CFM) using Obstetric comorbidity score 
(OBCMI)- validated and modified
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factors. Bateman et al. developed the index on a vast 
general population using administrative data, whereas 
WWRC is the only tertiary referral unit in Qatar and 
is responsible for the care of all high-risk pregnancies 
in the country; therefore, the rate of SMM reported 
from WWRC is likely to be greater than in the general 
maternity population. Additionally, we included factors 
described by ACOG as not fulfilling criteria for SMM 

when they occur in isolation [1]. There is also a lower 
threshold for admission to the high-dependency unit in 
this facility due to the high-risk nature of the pregnan-
cies. Additionally, the rates of maternal morbidity have 
increased by more than 50% over the past decades since 
the development of OBCMI [2], which could further 
explain our increased numbers.

Table 3 Sensitivity and specificity of each OBCMI score for predicting maternal and fetal morbidity
Validated OBCMI Modified OBCMI

Severe Maternal Morbidity Severe Maternal Morbidity

OBCMI
cut-offs

Sensitivity Specificity Correctly classified OBCMI
cut-offs

Sensitivity Specificity Correctly classified

≥0 100% 0.0% 13.0% ≥0 100% 0% 13.0%
≥1 73.1% 53.6% 56.2% ≥1 75.4% 50.8% 54.0%
≥2 45.4% 75.0% 71.2% ≥2 48.5% 71.1% 68.2%
≥3 30.8% 88.8% 81.3% ≥3 32.3% 86.8% 79.7%
≥4 23.1% 94.5% 85.2% ≥4 23.9% 93.2% 84.2%
≥5 19.2% 96.6% 86.5% ≥5 19.2% 96.2% 86.2%
≥6 10.8% 99.1% 87.6% ≥6 11.5% 99.0% 87.6%
≥7 4.6% 99.8% 87.4% ≥7 5.4% 99.7% 87.4%
≥9 0.8% 99.9% 87.0% ≥9 0.8% 99.9% 87.0%
≥10 0.8% 100% 87.1% ≥10 0.8% 100% 87.1%
Cumulative fetal morbidity Cumulative fetal morbidity
OBCMI
cut-offs

Sensitivity Specificity Correctly classified OBCMI
cut-offs

Sensitivity Specificity Correctly classified

≥0 100% 0.0% 11.3% ≥0 100% 0% 11.3%
≥1 62.8% 51.8% 53.1% ≥1 66.4% 49.1% 51.1%
≥2 39.8% 73.9% 70.1% ≥2 45.1% 70.3% 67.5%
≥3 23.0% 87.5% 80.2% ≥3 26.6% 85.7% 79.0%
≥4 17.7% 93.5% 84.9% ≥4 21.2% 92.6% 84.5%
≥5 12.4% 95.4% 86.0% ≥5 14.2% 95.3% 86.1%
≥6 5.3% 98.2% 87.7% ≥6 7.1% 98.2% 87.9%
≥7 2.7% 99.4% 88.5% ≥7 4.4% 99.4% 88.7%
≥9 0.0% 99.8% 88.5% ≥9 0% 99.8% 88.5%
≥10 0.0% 99.9% 88.6% ≥10 0% 99.9% 88.6%
OBCMI- Obstetric comorbidity index; Cut-off scores of four has specificity >90% and a negative predict value >90%

Table 4 Number needed to harm for OBCMI cut-off scores of 3, 4 and 5 (validated and modified OBCMI)
Validated OBCMI Modified OBCMI
OBCMI cut-offs
Total N=999

Severe Maternal mor-
bidity, n(%N)

Cumulative Fetal mor-
bidity n(%N)

OBCMI cut-offs
Total N=999

Severe Maternal mor-
bidity, n(%N)

Cumulative Fetal mor-
bidity n(%N)

OBCMI score <3
N= 862

90
(10.4%)

RD =18.8%
RR 2.8, 
p<0.001
NNH= 5.3

87 
(10.1%)

RD =8.9%
RR 1.9, 
p=0.002
NNH= 11.2

OBCMI score <3
N= 842

88
(10.5%)

RD =16.3%
RR 2.6, 
p=0.001
NNH= 6.1

83 
(9.9%)

RD =9.3%
RR 1.9, 
p=0.001
NNH= 10.8

OBCMI score ≥3
N= 137

40
(29.2%)

26 
(19.0%)

OBCMI score ≥3
N= 157

42
(26.8%)

30 
(19.1%)

OBCMI score <4
N= 921

100 
(10.9%)

RD =27.6%
RR 
3.5,p<0.001
NNH= 3.6

93
(10.1%)

RD =15.5%
RR 
2.5,p<0.001
NNH= 6.5

OBCMI score <4
N= 909

99 
(10.9%)

RD =23.6%
RR 
3.2,p<0.001
NNH= 4.2

89 
(9.8%)

RD =16.9%
RR 
2.7,p<0.001
NNH= 5.9

OBCMI score ≥4
N= 78

30 
(38.5%)

20 
(25.6%)

OBCMI score ≥4
N= 90

31 
(34.4%)

24 
(26.7%)

OBCMI score <5
N= 944

105 
(11.1%)

RD =34.4%
RR 4.1, 
p<0.001
NNH= 2.9

99
(10.5%)

RD=15.0%
RR 2.4, 
p<0.001
NNH= 6.7

OBCMI score <5
N= 941

105 
(11.1%)

RD =31.9%
RR 3.9, 
p<0.001
NNH= 3.1

97 
(10.3%)

RD =17.3%
RR 2.7, 
p<0.001
NNH= 5.8

OBCMI score ≥5
N= 55

25 
(45.5%)

14 
(25.5%)

OBCMI score ≥5
N= 58

25 
(43.1%)

16 
(27.6%)

RD= Risk difference between groups; RR= Risk Ratio; NNH= Number needed to harm, NNH= 100/RD%; OBCMI- Obstetric comorbidity index
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The OBCMI was tested in a sample of 6000 women in 
Canada by Metcalfe et al. [12] using retrospective admin-
istrative data from 2007 to 08. More than 80% of the 
study population had an OCBMI score ≤ 2, similar to our 
results. They also report a 1.7% risk of the outcome, simi-
lar to the original study, and an AUC of 0.67 when using 
hospitalization data, which is similar to the results from 
our study. Various studies from different parts of the US 
during this period applied the Bateman OBCMI index 
to their populations over the past decade and reported a 
similar moderate predictive performance for similar rates 
of SMM [9–11].

One such example was a sizeable Californian study 
(> 3  million) from 2011 to 2017 to evaluate the perfor-
mance of the index in different ethnic and socioeconomic 
groups [11]. The AUC of the ROC curves ranged from 
0.68 to 0.76, and rates of SMM and OBCMI-adjusted 
rate differences varied based on ethnicities and factors 
of socioeconomic status like health insurance and edu-
cation. Qatar has a multiethnic population of expatriates 
from over 90 countries. Since ethnicity or nationality is 
not part of the index, the differences observed between 
previous models and our study could also be explained by 
the population demographics in Qatar.

Prospective clinical validation was done in 2018, where 
OBCMI scores were calculated upon presentation to the 
hospital for delivery, and the women were followed up for 
maternal morbidity [13]. This study included four addi-
tional factors in calculating OBCMI (Appendix 1), which 
we adopted in this study. However, they report a 2% risk 
of SMM and a 1.53% increase in odds of morbidity for 
every unit increase in OBCMI, with a c-statistic or AUC 
of 0.8. The difference from our study might arise from the 
differences in the definition and measurement of indi-
vidual maternal morbidity indicators. Additionally, we 
have included two more factors for calculating OBCMI 
in our study that are relevant to our setting. Many high-
risk pregnancies receive initial ad hoc antenatal care in 
the private setting or abroad. Some receive no medical 
care prior to attending the hospital for delivery and are 
considered unbooked in WWRC, which increases their 
risk for SMM as antenatal preventive measures would be 
lacking. However, this would be relevant only for high-
risk unbooked pregnancies and could explain the differ-
ence in the predictive ability of our modified OBCMI 
compared to the validated existing index.

The updated scoring of 2018 was applied in a popula-
tion-based study on more than nine million women who 
delivered over 17 years in California [18]. The investiga-
tors used risk ratios for each comorbidity in the index to 
re-test and validate the weights or points given to each 
factor included in OBCMI. They reported that even 
though OBCMI performed well in identifying SMM, 
pre-existing hypertension, chronic renal disease and 

cardiovascular disease were underweighted in their sam-
ple, and maternal age and BMI were overweighted. They 
recommended including ethnicity and social factors in 
the index, as evidenced previously [11].

Similarly, the score was validated in a population in 
India, including women admitted for delivery over six 
months in 2019 [19]. They used the same SMM definition 
as the prospective study and reported 2.02 times increase 
in odds for every unit increase in OBCMI, with an AUC 
of 0.84. More than 80% of their population had a score ≤ 2 
with a maximum OBCMI score of 10.

To the best of our knowledge, this is the first study to 
examine the association between OBCMI scores and 
fetal cumulative morbidity, although the performance 
was low-moderate. A good proportion of fetal morbidity 
(especially factors such as low Apgar score and low fetal 
scalp pH) occurs in mothers without significant comor-
bidities due to intrapartum factors independent of mater-
nal risk factors. Hence, it’s reasonable to assume that 
OBCMI scores are less valuable in predicting fetal mor-
bidity. Further prospective studies are required to refine 
the definition of fetal morbidity and validate the perfor-
mance of OBCMI in predicting it. The modified system 
reported in our study performed better at predicting 
CFM because both additional variables have a statisti-
cally significant association with CFM. However, add-
ing these variables did not affect the ability of OBCMI to 
predict SMM. Additionally, the sample size used was well 
powered to detect the differences we hoped to detect.

Currently, there is no scoring system in practice at 
WWRC for maternal comorbidities that can effectively 
predict SMM. Generating OBCMI scores upon admis-
sion would enable physicians to red-flag patients with 
higher scores so that they can be reviewed promptly by 
senior multidisciplinary teams, including obstetrics, 
anesthesia, intensivists, and neonatologists. The explora-
tion of possible cut-off scores was done to ensure consis-
tent clinical practice and has not been done previously. A 
score of 4 has very high specificity and NPV in predicting 
SMM and could accurately rule out women less likely to 
develop SMM. Steps are currently underway to incorpo-
rate OBCMI into the obstetric clinical practise in Qatar. 
Future audits of the scoring system after implementation 
can further evaluate the usefulness of OBCMI and the 
cut-off score in our population.

The large-scale studies done previously used hospi-
tal registries, linked datasets, and administrative data 
and extracted information using the ICD 9/10 coding 
systems, whereas we extracted data from patient health 
records. There is a possibility that these studies have 
underestimated the rates of SMM due to data collection 
methods. Conversely, since our data is from the only 
tertiary centre in the country, the SMM rates observed 
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here could be an overestimation of the true rate in the 
population.

Some limitations need to be highlighted. This is a ret-
rospective study extracting data from documentation in 
medical records and, therefore, is limited by the varia-
tions and inaccuracies attributable to human error. The 
sample is restricted to one month of the year and is much 
smaller than previous studies- which could exaggerate 
the differences in the rates and performance of the index. 
The OBCMI needs further refinement since important 
risk factors such as ethnicity are not included. Further-
more, the index was generated and validated in different 
populations and clinical settings. Hence, although the 
index can be a valuable additional tool for risk assess-
ment, further prospective studies exploring other risk 
factors and generating prediction models in the pregnant 
population of Qatar are required.

Conclusion
The Obstetric comorbidity index has been validated 
worldwide and is an effective risk-assessment tool to 
identify high-risk pregnancies. The index performed 
moderately well in predicting SMM in pregnant women 
of Qatar and can be realistically used to red-flag preg-
nancies with multiple risk factors so that appropriate and 
timely multidisciplinary care can be initiated to reduce 
SMM and maternal mortality. To ensure consistent clini-
cal practice, this study recommends using an OBCMI 
score ≥ 4 as the cut-off for assigning pregnancies with a 
high-risk status. The index is also helpful in predicting 
fetal morbidity; however, further prospective studies are 
required to validate OBCMI for CFM.

APPENDIX 1: The OBCMI scoring system detailing 
the scores assigned to each comorbidity as 
extracted from reference 13 [13]

Comorbidity Score
Preeclampsia with severe features or eclampsia 5
Congestive heart failure 5
Pulmonary hypertension 4
Congenital heart and/or valvular disease 4
Placenta previa/ suspected accreta/ abruption 4
Ischemic heart disease/ Cardiac Arrhythmia 3
Sickle cell disease/ Bleeding disorder/ Coagulopathy/ 
Anticoagulation

3

Maternal age > 44 years 3
Body mass index > 50 3
Preeclampsia/Gestational/Chronic hypertension 2
Multiple gestation 2
Intrauterine fetal demise 2
Autoimmune disease/ Lupus 2
HIV/ AIDS 2
Epilespy/ cerebrovascular accident/ Neuromuscular disorder 2

Comorbidity Score
Maternal age 40–44 years 2
Substance abuse 2
Body mass index > 40 2
Previous cesarean delivery/ myomectomy 1
Chronic renal disease 1
Asthma 1
Diabetic on insulin 1
Maternal age 35–39 years 1
Alcohol abuse 1
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RD  Risk difference
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STROBE  Strengthening the reporting of Observational studies in 

Epidemiology
WWRC  Women’s Wellness and Research Centre

Author contributions
FC, VO, IB and TF were involved in the conceptualization of the study and 
application for ethical approval. FC, ZZ, AB and AA were involved in the 
data collection process. FM and TF were involved in data cleaning, planning, 
and performing the statistical analysis. FM, TF, VO and FC were involved in 
preparing the initial draft of the manuscript, and ARP, NAD, HA, HS, MAB 
and VO reviewed the manuscript to make substantial changes. All authors 
approved the final version of the manuscript submitted.

Funding
No funding was required to conduct this study.

Data availability
The datasets generated and analysed during the current study are not publicly 
available due to hospital data-sharing policies and patient confidentiality but 
are available from the corresponding author upon reasonable request.

Declarations

Ethics approval
The study was approved by the Medical Research Centre (MRC), Hamad 
Medical Corporation (IRB approval number- MRC-01-22-067), with a waiver 
of informed consent as only existing data from medical records was used for 
the analysis. The study was categorized as “Exempt” as per Ministry of Public 
Health guidelines as only research involving the collection or study of existing 
data was done with the information recorded by the investigator in such 
a manner that subjects cannot be identified, directly or through identifiers 
linked to the subjects.

Competing interests
The authors declare no competing interests.



Page 12 of 12Chaalan et al. BMC Pregnancy and Childbirth          (2024) 24:415 

Author details
1Department of Obstetrics and Gynecology, Women’s Wellness and 
Research Centre, Hamad Medical Corporation, Doha, Qatar
2Women’s Wellness and Research Centre, Executive Director of Quality 
and Safety, Hamad Medical Corporation, Doha, Qatar
3Department of Research, Women’s Wellness and Research Centre, 
Hamad Medical Corporation, Doha, Qatar
4Chair of Research, Department of Research, Women’s Wellness and 
Research Centre, Hamad Medical Corporation, Doha, Qatar

Received: 8 December 2023 / Accepted: 29 May 2024

References
1. Kilpatrick SK, Ecker JL. Severe maternal morbidity: screening and review. Am 

J Obstet Gynecol [Internet]. 2016 Sep 1 [cited 2023 Nov 18];215(3):B17–22. 
http://www.ajog.org/article/S0002937816305233/fulltext.

2. Fink DA, Kilday D, Cao Z, Larson K, Smith A, Lipkin C, et al. Trends in 
maternal mortality and severe maternal morbidity during delivery-related 
hospitalizations in the United States, 2008 to 2021. JAMA Netw open. 
2023;6(6):e2317641.

3. Petersen EE, Davis NL, Goodman D, Cox S, Mayes N, Johnston E, et al. Vital 
signs: pregnancy-related deaths, United States, 2011–2015, and strate-
gies for Prevention, 13 States, 2013–2017. MMWR Morb Mortal Wkly Rep. 
2019;68(18):423–9.

4. Campbell C, Al Shaikh L, Saifeldeen K, Bowen J, Pap R, Alinier G, et al. Valida-
tion of the pre-hospital Qatar early warning score (QEWS) to determine 
transport priority. J Emerg Med Trauma Acute Care. 2016;20162–Inter-
national Conference in Emergency Medicine and Public Health–Qatar 
Proceedings:104.

5. Lappen JR, Keene M, Lore M, Grobman WA, Gossett DR. Existing models fail 
to predict sepsis in an obstetric population with intrauterine infection. Am J 
Obstet Gynecol. 2010;203(6):e5731–5.

6. Macones GA. Understanding and reducing serious maternal morbidity: a 
step in the right direction. Obstetrics and gynecology. Volume 122. United 
States; 2013. pp. 945–6.

7. Hankins GDV, Clark SL, Pacheco LD, OʼKeeffe D, DʼAlton M, Saade GR. Mater-
nal mortality, near misses, and severe morbidity: lowering rates through 
designated levels of maternity care. Obstet Gynecol. 2012;120(4):929–34.

8. Bateman BT, Mhyre JM, Hernandez-Diaz S, Huybrechts KF, Fischer MA, 
Creanga AA, et al. Development of a comorbidity index for use in obstetric 
patients. Obstet Gynecol. 2013;122(5):957–65.

9. Du R, Ali MM, Sung Y-S, Pandit AA, Payakachat N, Ounpraseuth ST, et al. 
Maternal comorbidity index and severe maternal morbidity among medicaid 
covered pregnant women in a US Southern rural state. J Matern Neonatal 
Med off J Eur Assoc Perinat Med Fed Asia Ocean Perinat Soc Int Soc Perinat 
Obstet. 2023;36(1):2167073.

10. Salahuddin M, Mandell DJ, Lakey DL, Ramsey PS, Eppes CS, Davidson CM, 
et al. Maternal comorbidity index and severe maternal morbidity during 
delivery hospitalizations in Texas, 2011–2014. Birth. 2020;47(1):89–97.

11. Leonard SA, Main EK, Lyell DJ, Carmichael SL, Kennedy CJ, Johnson C, et al. 
Obstetric comorbidity scores and disparities in severe maternal morbidity 
across marginalized groups. Am J Obstet Gynecol MFM. 2022;4(2):100530.

12. Metcalfe A, Lix LM, Johnson J-A, Currie G, Lyon AW, Bernier F, et al. Valida-
tion of an obstetric comorbidity index in an external population. BJOG. 
2015;122(13):1748–55.

13. Easter SR, Bateman BT, Sweeney VH, Manganaro K, Lassey SC, Gagne JJ et al. 
A comorbidity-based screening tool to predict severe maternal morbidity at 
the time of delivery. Am J Obstet Gynecol [Internet]. 2019;221(3):271.e1-271.
e10https://doi.org/10.1016/j.ajog.2019.06.025.

14. Qatar Monthly Statistics, Live Births [Internet]. 2023. https://www.data.gov.
qa/explore/dataset/qms-live-births/table/.

15. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. 
J Chronic Dis [Internet]. 1987 [cited 2023 Nov 18];40(5):373–83. https://
pubmed.ncbi.nlm.nih.gov/3558716/.

16. D’Hoore W, Sicotte C, Tilquin C. Risk adjustment in outcome assessment: the 
Charlson comorbidity index. Methods Inf Med. 1993;32(5):382–7.

17. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for 
use with administrative data. Med Care [Internet]. 1998 [cited 2023 Nov 
18];36(1):8–27. https://pubmed.ncbi.nlm.nih.gov/9431328/.

18. Main EK, Leonard SA, Menard MK. Association of Maternal Comorbidity 
With Severe Maternal Morbidity: A Cohort Study of California Mothers 
Delivering Between 1997 and 2014. Ann Intern Med [Internet]. 2020;173(11_
Supplement):S11–8. https://doi.org/10.7326/M19-3253.

19. Bolanthakodi C, Bhat MS, Huchchannavar RR. Obstetric Comorbidity Index—
A Promising Tool to predict maternal morbidity. J SAFOG. 2022;14(4):393–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://www.ajog.org/article/S0002937816305233/fulltext
https://doi.org/10.1016/j.ajog.2019.06.025
https://www.data.gov.qa/explore/dataset/qms-live-births/table/
https://www.data.gov.qa/explore/dataset/qms-live-births/table/
https://pubmed.ncbi.nlm.nih.gov/3558716/
https://pubmed.ncbi.nlm.nih.gov/3558716/
https://pubmed.ncbi.nlm.nih.gov/9431328/
https://doi.org/10.7326/M19-3253

	Validation of a modified obstetric comorbidity index for prediction of postpartum adverse events including fetal morbidity - a retrospective cohort study from Qatar
	Abstract
	Introduction
	Methods
	Study design and setting
	Participants
	Variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	APPENDIX 1: The OBCMI scoring system detailing the scores assigned to each comorbidity as extracted from reference 13 [13]
	References


