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Abstract
Background: To date, the rates of potentially life-threatening condition (PTLC), maternal near miss (MNM)
and maternal deaths in pregnant patients with type 1 diabetes mellitus (T1DM) and variables associated
to it have not been studied.

Methods: This study was as a cross-sectional retrospective study conducted at São Paulo Hospital of
Universidade Federal de São Paulo, a tertiary hospital that provides public medical care through the
Brazilian uni�ed health system to high-risk pregnancies. Inclusion criteria were T1DM pregnant women
who delivered from January 2005 to December 2015. Three groups were established by the World Heath
Organization criteria and associations were assessed using the chi-square test in between MNM and no
morbidity or PLTC and no morbidity. A P value < 0.05 was considered statistically signi�cant.

Results: The �nal sample included 137 patients, 8 MNM cases (5.84%), 51 PLTC (37.23%), no cases of
maternal deaths and 78 patients (56.93%) did not present any complication. Moreover, there were 122 live
births, resulting in a near miss rate of 65.5 per 1.000 live births in patients with T1DM. Two of the MNM
cases were for clinical criteria (uncontrollable �t in both) and laboratory criteria for the other six: one
patient with severe acute azotemia (creatinine >300 μmol/ml), one patient with severe hypoperfusion
(lactate >5 mmol/L) and four of them with loss of consciousness and the presence of glucose and
ketoacids in urine. PLTC criteria were studied in MNM and PLTC cases. Prolonged hospital stay was the
most prevalent PLTC criteria in both groups (100% of MNM cases and 96% of PLTC), followed by renal
failure in 50% of MNM cases and severe preeclampsia in 22% of PLTC cases. This study could not �nd
any association between prenatal factors or sociodemographic characteristics with maternal morbidity. 

Conclusions: MNM rate in T1DM was extremely high, and determined by complications of the primary
disease or hypertensive disorders. No sociodemographic variables studied were related to maternal
morbidity; therefore, we could not predict what increases MNM and PLTC in this speci�c population.

Background
Maternal health has been widely studied in the last decades. As the World Health Organization (WHO)
makes continuous efforts to reduce maternal mortality, in 2009, the Organization de�ned maternal near
miss (MNM) as “a woman who nearly died but survived a complication that occurred during pregnancy,
childbirth or within 42 days of termination of pregnancy” 1 . In the same document, potentially life-
threatening conditions (PLTC) were de�ned as an extensive category of clinical conditions that can
threaten a woman's life during the same period and lead to MNM, and the term severe maternal morbidity
(SMM) included both outcomes. This new terminology improved studies in maternal health, whereas now
we can progressively study patients from PLTC to MNM and �nally maternal death, identifying risk
factors and implementing prophylactic measures in each step to avoid mortality.

Maternal and neonatal morbidity in patients with type 1 diabetes mellitus (T1DM) is well documented,
with higher chances of preeclampsia, preterm birth, perinatal mortality, hypoglycemia, retinopathy,
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hypertension, nephropathy or diabetic ketoacidosis 2 -3. On one hand these patients have reduced rate of
pregnancy - partially due to lower fertility4, but on the other hand the prevalence of T1DM is increasing
among the youth 5. Therefore, the tendency is to increase the number of pregnant with T1DM and
obstetricians have to be aware of severe outcomes and complications of these patients. It is important to
highlight that, particularly in Brazil, the elevated economic costs 6 and patients educational conditions
needed to treat T1DM can compromise adequate use of insulin and medical supplies, resulting in higher
chances of chronic complications. In these cases, patients tend to get pregnant without controlling the
baseline disease, so that obstetric care becomes even more challenging.

To date, several studies have been published about MNM in Brazil and worldwide, but none of them has
studied exclusively T1DM. We believe that SMM in T1DM can result from complications of the pregnancy
itself, diabetes or other causes – such as prenatal care or sociodemographic characteristics. Therefore,
the aim of this study was to investigate what variables could determine SMM in T1DM and the rate of
MNM, PLTC and maternal mortality.

Methods
Design, setting and aim of the study

This was a cross-sectional retrospective study conducted at São Paulo Hospital of Universidade Federal
de São Paulo (UNIFESP), São Paulo, Brazil. This is a tertiary university hospital that provides universal
care to high-risk pregnant patients through the Brazilian uni�ed health system, free of charge. The aim of
the study was to determine rates of PTLC, MNM and maternal deaths in T1DM and to identify which
variables were related to these outcomes. 

Study population and selection 

Patients included were T1DM pregnant women who had their deliveries at Hospital São Paulo from
January 2005 to December 2015 regardless if they had received prenatal care at UNIFESP or elsewhere.
Exclusion criteria were cases with missing data. We considered a ten-year study period convenient to
retrieve a signi�cant sample. The outcome studied was PLTC, MNM, maternal death or no morbidity.
PLTC and MNM cases were identi�ed according to WHO criteria 7, using data collected from patient
medical records. 

Data collection 

Retrospective data was collected in 2017 from medical records of all patients. Data collection was
conducted separately by two researchers and revised by both. 

De�nition of Variables 
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Variables studied were socioeconomic (age, schooling level, self-reported skin color, conjugal situation)
obstetric history (parity and number of previous deliveries) pregnancy-related variables (number of
prenatal appointments and initial glycated hemoglobin) and obstetric outcome (miscarriage or type of
delivery and gestational age). 

Statistical analysis 

Patients were assessed in 3 groups: MNM, PLTC and no morbidity. The �rst two groups were determined
by descriptive analysis of the WHO criteria7 and patients who did not �ll any criterion for those groups
were considered without morbidity. Patients that �lled mutually criteria for MNM and PLTC were
considered exclusively as MNM cases. All variables previously elucidated were researched in the groups
and associations were assessed using the chi-square test in between: MNM and no morbidity or PLTC
and no morbidity. A P value < 0.05 was considered statistically signi�cant. Statistical data were analyzed
using Microsoft O�ce Excel version 2010, Microsoft, Washington, United States.

Results
In a ten-year period, from 2005 to 2015, there were 142 T1DM pregnant women who delivered at Hospital
São Paulo. Five patients had missing data and were excluded, resulting in a �nal sample of 137 patients.
Among these, 8 were MNM cases (5.84%), 51 were PLTC cases (37.23%) and 78 did not present any
complications and were included in the “no morbidity“ group (56.93%). There were no cases of maternal
deaths. Moreover, there were 122 live births, resulting in a near miss rate of 65.5 per 1000 live births in
patients with T1DM.

Regarding sociodemographic characteristics: self-reported skin color, age, scholarly or civil status did not
present statistical signi�cance in between the groups (P>0.05) (Table 1). However, in all groups, most of
our patients were white and had studied from 11-14 years. Even though it was not statistically relevant,
most of the patients with MNM had ages in between 25 and 35 (62.5%), whereas in the other two groups
patients were younger than 25. Prenatal care and obstetric history were also studied, but the only
signi�cant difference was found in between nuliparity and PLTC (P=0.03). There was no association of
MNM or PLTC with the number of prenatal appointments (P=0.63 and P=0.91, respectively) neither with
the initial value of glycated hemoglobin (P=0.36 for both groups).

*Table 1: Sociodemografic and obstetric characteristics associated with maternal morbidity in patients with type
1 diabetes. 
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Characteristic MNM (%) PLTC (%) No morbidity (%) P value*

Age       MNM**PLTC***  

15-25 years 37.5 62.76 56.41 0.310.71  

26-35 years 62.5 31.37 38.46  

≥35 years 0 5.88 5.13  

rted skin color          

White 62.5 66,6 58.9 1.000.8  

Not White 37.5 33.3 41.1  

Schooling level          

≤7 years 12.5 18.42 20.5 0.540.38  

8–10 years 12.5 40 29.5  

11–14 years 75 39.22 40  

≥15 years 0 0 9  

With partner           

Yes 50 47.06 51.28 0.90.63  

No 50 52.94 48.72  

       

 
Primiparous          

Yes  50 49,2 46,15 0,77 0,44 

No 50 45,1 53,85  

Number of previous deliveries           

None 87.5 82.35 65.38 0.21 0.03 

1 or more 12.5 17.65 34.62  

Number of prenatal visits          

None 12.5 5.88 6.41 0.63 0.91 

1-6 50 23.53 21.79  

6 to 12 37.5 47.06 42.31  

13 to 18 0 19.61 21.79  

> 18 0 3.92 7.69    

Initial glycated hemoglobin          

Missing data 0 9.8 10.25 0.36 0.36 

< 7,2 25 19.61 14.1  

7,2 – 9,1 25 27.45 26.92  

9,2 – 11,1 37.5 11.76 12.82  

> 11,1 12.5    31.37 35.9  

           

MNM maternal near miss, PLTC potentially life-threatening conditions, * chi-square test , ** P value comparing
variable of maternal near miss  cases with patients with no morbidity, *** P value comparing variable of
potentially life-threatening conditions cases with patients with no morbidity.
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Pregnancies with MNM or PLTC had signi�cant earlier gestational age resolution in comparison with
patients without complications (P<0.001 and P=0.03, respectively)(Table 2). However, type of delivery
was only relevant on patients with PLTC, with higher rates of C-sections (P=0.048).

Table 2 : Obstetric outcome associated with severe maternal morbidity or not in patients with type 1

diabetes.
Characteristic MNM (%) PLTC (%) No morbidity (%) P value *

Gestational age
at resolution

      MNM*
*

PLTC***

< 20 weeks 12.5 7.84 7.69    

20 – 27 weeks 12.5 7.84 5.13    

28 – 33 weeks 62.5 17.65 7.69 <0.001 0.03
34 – 37 weeks 0 43.14 28.21    

> 37 weeks 12.5 23.53 28.21    

Pregnancy outcome         

Miscarriage 12.5 1.96 12.5    

C-section 50 72.55 75 0.5 0.048
Vaginal 37.5 19.61 12.5    

MNM maternal near miss, PLTC potentially life-threatening conditions, * chi-square test, ** P
value comparing variable of maternal near miss cases with patients with no morbidity, *** P
value comparing variable of potentially life-threatening conditions cases with patients with no morbidity,
underlined P value statistically significant.

There were 8 cases of maternal near miss. Two of them for clinical criteria (uncontrollable �t in both),
other two for management criteria (dialysis due acute renal failure in both) and laboratory criteria for the
six others. Laboratorial criteria were: one patient with severe acute azotemia (creatinine >300 μmol/ml or
>3.5 mg/dL), one patient with severe hypoperfusion (lactate >5 mmol/L or >45 mg/dL) and four with loss
of consciousness and the presence of glucose and ketoacids in urine.

It is known that MNM progress from a PLTC case. Therefore, we studied into the cases of MNM what
criteria of PLTC were previously onsets. Figure 1 exhibits percentages of PLTC criteria in PLTC cases
versus MNM cases. Prolonged hospital stay was the most prevalent PLTC criterion in our population
(present in 100% of MNM and in 96% of PLTC cases), followed by renal failure in half of patients with
MNM and severe preeclampsia in 22% of patients with PLTC.

Discussion
MNM ratio was 65.5 per 1000 live births in patients with T1DM. This rate is largely variable on literature
depending on the geographic region, hospital and obstetric care, but it is known that, in comparison to
other studies and populations, this is an extremely high number. A national Brazilian study 8 reported a



Page 7/12

MNM ratio of 10.2, while a study with high-risk pregnancies reported a rate of 54.89. To the best of our
knowledge, SMM in T1DM has not yet been studied. We presume that this rate is so high in our
population because of the burden of this autoimmune disease. However, there were no cases of maternal
deaths, evidencing that, even though there is a high morbidity, patients that receive proper care in a
tertiary center do not evolve to mortality.

Half of our patients with MNM had renal insu�ciency. This is a common complication of T1DM during
pregnancy that underlines the burden of the disease, since diabetic nephropathy is associated with a 2–4
fold increased risk of preeclampsia, preterm delivery and perinatal death10. A multidisciplinary team
should monitor patients with previous diabetic nephropathy, before and during pregnancy, to reduce
morbidity. Another important complication in MNM was diabetic ketoacidosis, as it occurred in 2,9% of
our patients (4/137). The overall incidence of ketoacidosis in T1DM is uncertain and lacks recent data,
with the overall incidence in all diabetic pregnancies varying from 1 to 10%11-12,. In order to reduce these
complications, we suggest frequent prenatal appointments focusing on glycemic control and correct
insulin use.

In our population there were a signi�cant percentage of patients with SMM that presented some kind of
hypertensive disorder. Similarly, in the Brazilian general population, severe preeclampsia is the most
important cause of near miss 13-14,,and this is even more relevant in our group because T1DM increases
the odds of preeclampsia. On this research use of aspirin was not studied, but we assume that it was
prescribed to all patients who received prenatal care at our institution, since it is part of prenatal protocol
in patients with T1DM. It is a consent in the medical community that low-dose aspirin should be
prescribed from the end of the �rst trimester until the baby is born in order to lower the risk of
preeclampsia in patients with T1DM 15. Our �ndings reinforce this recommendation due to the morbidity
and prevalence of preeclampsia in this population.Other important PLTC criteria were hemorrhagic
complications and blood transfusions, complications than increase maternal morbidity worldwide 16.
These �ndings could be explained by the high rate of C-section, 72.5% among patients with PLTC, since
the procedure increases the risk of blood loss and postpartum hemorrhages. In contrast, the C-sections
rate on MNM patients was 56.42%, similar to the national statistic of 57%17 and these patients had less
hemorrhagic complications, reinforcing our theory. The only case of blood transfusion in MNM was in the
miscarriage. We consider that this complication can be minimized if C-section rate is reduced.

Almost all of the patients with PLTC were hospitalized for more than 7 days. We believe that this
condition is due not only to the disease and obstetric complications previously discussed, but also to
achieve an appropriate glycemic control, that can be challenging during the pregnancy and puerperium. In
the last couple of years, the use of technology has improved communication in between the patient and
the endocrinology team to control the insulin bomb, which is currently done remotely. However, in our
population, this has been mostly used during the last 5 years and a large part of our cases date
previously. Currently, this barrier has been unraveled and prolonged hospital stay would likely occur in a
smaller percentage of our cases. It should be noted that prolonged hospitalization is a PLTC criterion, but
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discharging patients only after adequate glycemic control may minimize infectious postoperative
complications and readmissions to the hospital. There is recent data that indicates that speci�cally
T1DM retains increased risk for readmission, with even higher risks for those with public insurance18.

This study could not �nd any relation between prenatal factors - such as number of visits and obstetric
history - or sociodemographic characteristics with maternal morbidity. Therefore, we could not predict any
factor that increases morbidity in this speci�c population. Less than six prenatal visits have been related
to increased risk of maternal near miss in Brazil 8, but we could not �nd this relation. Six prenatal visits
are recommended to low risk pregnancies and probably a higher cutoff in high-risk cases like T1DM
would be found with further analysis. Despite not having statistical signi�cance in this study, we noticed
that in the group without morbidity 9% of the patients had studied more than 15 year, but this did not
occur on the other two groups. Maternal morbidity appears to be inversely proportional to years of study
in T1DM.T1DM is a public health challenge in Brazil. Insulin administration procedure requires that the
patient understands the whole process, relates glycemic levels to insulin units and applies it correctly.
This can be challenging depending on patient’s educational level, that it is not high in our population – as
evidenced in our results. Brazilian government measures to reduce maternal morbidity in this group
include free insulin supplies and tertiary centers with multidisciplinary teams with prenatal assistance.
These measures tend to decrease complications of the disease but can be insu�cient since controlling
T1DM depends on multiple factors.

Another aspect studied was glycated hemoglobin at the �rst trimester but no relation was found between
high glycated hemoglobin at �rst trimester and maternal morbidity in this study. We infer that patients
with higher levels of glycated hemoglobin were the ones with miscarriages, since this relation was
previously demonstrated 19 , and this outcome occurred similarly in between the groups. The value of
glycated hemoglobin translates as a picture of the patient’s control of the baseline disease at that
trimester. Patients that presented high levels of glycated hemoglobin in the �rst trimester probably
acknowledged at that time the importance of glycemic control to the unborn’s health. So, it could be that
our patients had their best medical care and glycemic control during pregnancy since the concern with
the fetus may motivate her self care. Additionally it is important to highlight the importance of referring
T1DM pregnant women to tertiary hospitals with specialized multidisciplinary team to improve their care
during pregnancy.

Finally, regarding gestational age of delivery, we observed that MNM and PLTC determined more
premature births. There is a positive correlation in between maternal near miss and neonatal near miss in
patients with T1DM20. This is probably due to maternal complications such as preeclampsia and renal
failure previously discussed, whereas maternal morbidity increases premature birth and, therefore,
neonatal morbidity. If maternal health is diminished by actions previously discussed neonatal
complications will decline.

The main limitation of the study is mostly its retrospective design. Since data was collected from medical
records, some criteria were di�cult to identify like cyanosis or initial creatinine, and it would be interesting
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to relate this last variable to maternal morbidity since a large number of our cases evolved to renal
complication. Moreover, we suggest a prospective study with a larger sample to clarify our associations.

The strength of the study is that it pioneers in analyzing the relation between severe maternal mortality
and T1DM in Brazil and that its conclusions can improve medical assistance in patients with T1DM.

MNM was extremely high in patients with T1DM. This group should have preconception counseling to be
advised about gestational risks and encouraged to plan pregnancy once her baseline disease is well
managed. Clinicians should be aware that these patients are at higher chances of hypertensive disorders,
renal failure, and ketoacidosis, and that, for now, we could not identify variables associated with maternal
morbidity. Therefore, we consider that all pregnant patients with T1DM should be considered as a
potential case of SMM and cared mutually by obstetricians and endocrinologists. During delivery, we
recommend monitoring blood pressure, efforts to avoid prematurity and postpartum hemorrhages to
decrease PLTC cases. Finally, it is important to highlight that these patients do have higher
hospitalization periods, and that, paradoxically, this might lead to less morbidity.

Conclusion
MNM rate in T1DM was extremely high and determined by complications of the primary disease or
hypertensive disorders. Currently, we could not predict those who will present higher morbidity, so all
patients with T1DM should be carefully assisted, as SMM is expressive in this population.

List Of Abbreviations
WHO: World Health Organization; MNM: maternal near miss; PLTC: potentially life- threatening conditions;
SMM: severe maternal morbidity; T1DM type 1 diabetes mellitus; UNIFESP: Universidade Federal de São
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Figures

Figure 1

Percentage of PTLC criteria in PLTC and MNM cases in pregnant with type 1 diabetes. MNM : maternal
near miss, PLTC : potentially life-threatening conditions, HELLP :syndrome hemolysis, elevated liver
enzymes, low platelet count; ICU: intensive care unit.
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