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Introduction
There is limited data concerning Covid-19 and pregnancy. Susceptibility of pregnant women to COVID-19 is scarce with two studies indicating that pregnant patients are not at increased risk for Covid-19.1,2 Besides the lack of association between pregnancy and Covid-19, both studies found obesity as one of the comorbidities increasing the risk for Covid-19. The Mexican study1 found diabetes and hypertension also increases risk for Covid-19 in women, men and whole sample. However, it is unknown what comorbidities increase the risk for Covid-19 among pregnant women. In this case-control study we analyzed the Mexican Covid-19 data base of pregnant patients who were tested for Covid-19 as of June 18, 2020 to determine what comorbidities increase the risk for Covid-19. 
Methods
The Covid-19 data base is publicly available from the Mexican Ministry of Health through the “Dirección General de Epidemiología” website.3 Information was obtained for pregnant women aged 15 to 49 years as of June 18, of 2020. All patients in the data base had symptoms and therefore were presumed of Covid-19.  Patients were assessed at respiratory diseases surveillance medical units or “Unidades de Salud Monitoras de Enfermedad Respiratoria” (USMER) or at all other units (no-USMER).  Variables in the data base include non-nominal ID (randomly assigned), age, gender, current smoker, history of contact with Covid-19, type of patient: ambulatory vs hospitalized and whether or not the patient was hospitalized in the intensive care unit (ICU) or had been intubated (tracheal intubation for mechanical ventilation). Information also included answers “yes, no, unknown” or no answer when questioned about the presence/absence of the following conditions and comorbidities: diabetes, hypertension, cardiovascular disease, chronic obstructive pulmonary disease (COPD), asthma, obesity, chronic renal failure (CRF), immunosuppression conditions and other diseases without specification of specific diseases in the latter two. The presence of pneumonia was also recorded but was considered part of the clinical picture of Covid-19 rather than comorbidity. Only patients who answered “yes or no” to all the above questions were included in the analysis. Patients who did not respond or with missing information were excluded. 
Laboratory test results of Covid-19 PCR test were reported as “positive for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)”, “negative for SARS-CoV-2” or “pending result”. Cases were defined as pregnant women with a positive test regardless of symptoms according to World Health Organization case definition.4 Controls were pregnant patients with negative test.
In univariable analysis, proportions for categorical variables were compared using the χ2 or Fisher’s exact tests. Median age of both groups was compared with the Mann-Whitney U test. To determine comorbidities associated with Covid-19, odds ratios (OR) and 95% confidence intervals (CI) were estimated using multivariable logistic regression with the backward elimination procedure. Indicator variables for each comorbidity were included in the model with absence of each as the reference group. Some patients presented with multiple comorbidities that may be correlated, for example diabetes and obesity, and the assumption of little or no multicollinearity of logistic regression analysis would not be met. To separate the effect of two or more comorbidities and determine the independent effect of each on Covid-19, two logistic regression models were estimated, one included the whole sample of patients and the second one included pregnant women reporting only one comorbidity. Statistical analyses were performed using SAS (Statistical Analysis System, Cary, NC, USA) version 9.4 software.
Results
A total 2,884 patients (1,055 cases and 1,829 controls) were identified. Cases were older than controls, median age in years (interquartile range) of 29 (25-33) vs 28 (23-32) respectively, and more likely to have had a history of contact with Covid-19 patient (43.2 vs 34.9%), to be hospitalized (31.4 vs 25.5% ambulatory) or to have had pneumonia (15.2 vs 7.1%), obesity (11.1 vs 8.8%) diabetes (4.3 vs 2.2%) or to be intubated (4.5 vs 1.5%) respectively. Cases were also more likely to have died (3.0 vs 0.5%) respectively, all p-values<0.05, Table 1. No difference between cases and controls was found in the univariable analysis for other comorbidities listed in Table 1. After controlling by type of medical unit (USMER vs non-USMER), age (as a continuous variable), history of contact with Covid-19, current smoking, hospitalization, number of comorbidities, comorbidities listed in Table 1 and by whether patient had died, the following remained statistically significant in the multivariable analysis of the whole sample: contact with Covid-19: aOR=1.56 (95% CI 1.28-1.92), hospitalization aOR=1.33 (95% CI 1.02-1.74), pneumonia aOR=2.21 (95% CI 1.55-3.13),  diabetes aOR=2.36 (95% CI 1.31-4.23), all p-values <0.05, Table 2. While the multivariable analysis of women with only one comorbidity showed the following to be associated with increased risk of Covid-19: hospitalization aOR=1.96 (95% CI 1.2-3.21), diabetes aOR=3.1 (95% CI 1.22-7.92) and obesity aOR=2.02 (95% CI 1.24-3.29). Active smoking was associated with decreased odds of Covid-19 aOR=0.2 (95% CI 0.04-0.93), all p-values <0.05 Table 2.
Discussion
[bookmark: _GoBack]The findings of this study indicate that diabetes and obesity are comorbidities that increase the risk for Covid-19 among pregnant Mexican women. The previous study analyzing all women (of all ages, pregnant and non-pregnant) also found hypertension as a risk factor of Covid-19.1 The SARS-CoV-2 infects humans through the angiotensin converting enzyme (ACE-2) receptor. Because ACE inhibitors are widely used for the treatment of hypertension, there has been concern regarding the risk of using these medications in patients with Covid‐19. Consequently, the treatment of hypertension with ACE inhibitors would increase the risk of developing this disease. However, pregnant women usually are treated with methyldopa because of the potential teratogenic effect of ACE inhibitors.5 The lack of use of ACE inhibitors to treat hypertension during pregnancy might be one of the reasons why hypertension was not associated with Covid-19 in this study. ACE inhibitors are still considered contraindicated in pregnancy, despite the controversy regarding the magnitude of the risk associated with exposure. If a woman becomes pregnant while on one of these agents, she should be switched immediately to an alternative therapy. Record of safety for methyldopa makes it the first line agent recommended by the National High Blood Pressure Education Program working group.
Previous findings indicate that pregnant women do not appear more likely to get infected with Covid-19 when compared to non-pregnant women.1,2 
Diabetes had a stronger effect compared to obesity in this study which is opposite to the previous finding in all women1 which indicates that pregnant women with diabetes represent the group with the higher risk for getting Covid-19. Diabetics are particularly more susceptible to bacterial, mycotic, parasitic and viral infections and the potential implicated mechanisms on the association with Covid-19 include chronic inflammation, increased coagulation activity, immune response impairment, and potential direct pancreatic damage by SARS-CoV-2.6 
Among the potential mechanisms for the increased susceptibility of obese pregnant women for Covid-19 include the higher susceptibility of the obese to respiratory viral infections including influenza A7 increased duration of virus shedding8 which may also be the case for SARS-CoV-2. Obesity is a state of low grade chronic inflammation that can contribute to the onset of dyslipidemia, insulin resistance and diabetes and can modify innate and adaptive immune responses, resulting in a less responsive immune system to vaccinations, antivirals and antimicrobial drugs and more vulnerable to infections. 
There is evidence of an increased risk of complications in pregnant women infected with H1N1 influenza virus9 but further research will clarify if pregnant women with Covid-19 are also at higher risk of complications. Also, more research is warranted to confirm whether diabetes and obesity increase the risk for Covid-19 in other populations of pregnant women and settings.
An interesting finding was the lower smoking prevalence in pregnant patients with Covid-19 when compared with controls. This “protective” effect of current smoking remained statistically significant in this study and the previous study in the general population, in women and men.1 This finding is also consistent with previous estimates showing the same trend.2,10 Nicotine has been proposed as a therapeutic option for Covid-19.11 Further research is needed to confirm the “protective” effect of active smoking on Covid-19.
Death was more likely to occur in all patients, women and men with Covid-19 compared to their counterparts in the previous study.1 However, in this study death was not associated with Covid-19 in both logistic models which indicates that pregnant women with Covid-19 have the same likelihood of dying when compared to controls. This finding might be related in part with the age range difference of patients in both studies in that the previous one includes the elderly, a population with a higher mortality risk.  
Limitations of this study include the likelihood that patients presenting Covid-19 symptoms would be investigated for comorbidities and/or tested, representing selection bias affecting the estimates. The small sample size of women with asthma, immunosuppressed conditions, COPD, cardiovascular or chronic renal failure is also a limitation. A re-analysis is warranted when the sample size of women with these diseases increases as more Covid-19 cases accumulate. Unfortunately, information on gestational age, whether women had been diagnosed previously with diabetes or had gestational diabetes or whether they were in labor, body mass index (BMI), symptoms, laboratory results and treatment of comorbidities was not available in the data base. Future studies including this information will more accurately determine the association of comorbidities with Covid-19 in pregnant women and their babies.
The present is the first case-control study in pregnant women with Covid-19 showing diabetes and obesity as the two comorbidities that increase risk for this disease. Both comorbidities represent an important health problem in Mexico. In 2016 the prevalence of overweight and obesity combined was 72.5% in Mexican adults aged 20 years or older12 and was declared public health emergency by the government of Mexico. The prevalence of diabetes diagnosed by physicians was higher in women than men in 2016 (10.3 vs 8.4% respectively) and it has been increasing over time.12 
This study and the previous analysis that includes all ages and genders indicate that comorbidities frequently found in patients with severe Covid-19 i.e. diabetes and obesity, are also risk factors for the disease. Future studies will determine the potential mechanisms behind the association between these predisposing comorbidities with Covid-19. 
Obese and diabetic pregnant women should take extreme preventive measures and physicians should be aware of such associations when assessing patients with Covid-19 symptoms and take appropriate precautions.
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