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Limited data are available for pregnant women affected by SARS-CoV-2. Serological tests are critically
important for determining SARS-CoV-2 exposures within both individuals and populations. We validated a
SARS-CoV-2 spike receptor binding domain serological test using 834 pre-pandemic samples and 31
samples from COVID-19 recovered donors. We then completed SARS-CoV-2 serological testing of 1,293
parturient women at two centers in Philadelphia from April 4 to June 3, 2020. We found 80/1,293 (6.2%) of
parturient women possessed IgG and/or IgM SARS-CoV-2-specific antibodies. We found race/ethnicity
differences in seroprevalence rates, with higher rates in Black/non-Hispanic and Hispanic/Latino women.
Of the 72 seropositive women who also received nasopharyngeal polymerase chain reaction testing during
pregnancy, 46 (64%) were positive. Continued serologic surveillance among pregnant women may inform
perinatal clinical practices and can potentially be used to estimate exposure to SARS-CoV-2 within the
community.
INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) can cause serious disease in adult populations, particularly in those with underlying health conditions (1). Serological tests are important for determining SARS-CoV-2 viral
exposures within individuals and populations (2). However,
many commercial tests have high false positive rates and
therefore cannot be used to accurately estimate seroprevalence in populations with relatively low levels of exposures (3,
4). Serological tests are especially important for vulnerable
populations such as pregnant women, because immune status has implications for management of both the pregnant
woman and the newborn. Admission to the hospital for delivery is one of the few instances in which otherwise healthy
individuals are consistently interacting with the medical system, and therefore provides an opportunity for surveillance
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of SARS-CoV-2 serology in the community.
We performed a study of pregnant women presenting for
delivery from April 4 to June 3, 2020 at two academic birth
hospitals in Philadelphia, Pennsylvania. Both hospitals are
active clinical and research centers affiliated with the University of Pennsylvania, and combined represent 50% of live
births in Philadelphia (5). Discarded maternal sera from delivery admission were collected, de-identified, and tested by
enzyme-linked immunosorbent assay (ELISA) for SARS-CoV2 immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies to the spike receptor binding domain (RBD) antigen.
RESULTS
Demographics
Demographics and clinical characteristics of the women
are shown in Table 1. Most serum specimens were derived
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significant race/ethnicity differences in seroprevalence rates
with higher rates in Black/non-Hispanic (9.7%, 95% CI [7.312.5%]) and Hispanic/Latino (10.4%, 95% CI [5.7-17.1%])
women and lower rates in White/non-Hispanic (2.0%, 95% CI
[0.9-3.8%]) and Asian (0.9%, 95% CI [0.0-5.1%]) women (Table 1).
Nasopharyngeal swabs from 1,109 (85.8%) women were
tested by SARS-CoV-2 PCR during the pregnancy or at the
time of delivery. The majority of sera tested for antibody were
obtained before or within 6 days of PCR testing (Table 2).
SARS-CoV-2 antibodies were detected in all sera obtained
from PCR-positive women when serum samples were obtained more than 7 days after PCR testing (Table 2). Overall,
we found that 46 of 72 seropositive women who were tested
by PCR had a SARS-CoV-2 positive PCR result, whereas only
18 of 1,037 seronegative women who were tested by PCR had
a SARS-CoV-2 positive PCR result. While all serum samples
were collected during the delivery admission, nasopharyngeal samples were collected at variable times either during
the delivery admission or earlier in the pregnancy, and therefore, further study will be required to evaluate the temporal
relationship between SARS-CoV-2 seropositivity and PCR
positivity in pregnant women.
DISCUSSION
Large-scale serology testing is critical for estimating how
many individuals have been infected during the COVID-19
pandemic. Due to widely-imposed social distancing requirements, and to decreases in on-site, discretionary medical
care, it is currently difficult to collect serum for populationwide serological testing. The vast majority of pregnant
women, however, continue to have multiple interactions with
the medical system for prenatal care and for delivery during
this pandemic, and therefore present an opportunity to consistently assess SARS-CoV-2 exposures within a community.
Our data suggest that 6.2% of parturient women in Philadelphia from April 4 to June 3, 2020 were previously exposed to
SARS-CoV-2.
As of June 3, 2020, there were 23,160 confirmed cases of
COVID-19 in the city of Philadelphia (9), which has a population size of nearly 1.6 million people. This suggests an infection rate of approximately 1.4%, which is more than 4 times
lower than the estimates based on our serological data. Serologic studies may provide a more accurate means of assessing
population exposure to SARS-CoV-2 by identifying asymptomatic or minimally symptomatic as well as symptomatic infections. Further studies are needed to determine how the
immune status of pregnant women compares to that of the
general population. For example, parturient women may not
represent individuals of different ages within the general
population and women and men might mount different antibody responses upon infection with SARS-CoV-2 (10).-
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from women living in areas within or immediately bordering
the city of Philadelphia (Fig. 1). Pregnant women who were
symptomatic or exposed to SARS-CoV-2 underwent SARSCoV-2 nasopharyngeal nucleic acid polymerase chain reaction (PCR) testing from April 4-12, 2020; universal PCR testing was recommended for all pregnant women presenting for
delivery starting April 13, 2020. Of 1,620 women who delivered during the study period, 1,293 (80%) had available discarded serum specimens and were included in the analysis.
Assay validation
Our serological assay utilized a SARS-CoV-2 spike RBD
antigen and modified ELISA protocol first described by
Amanat et al. (6). We validated this serological assay by testing serum samples collected prior to the pandemic in 2019
from 834 individuals in the Penn Medicine Biobank and 31
individuals who recovered from confirmed coronavirus disease 19 (COVID-19) infections in 2020 (Fig. 2A-B). All 31 serum samples from COVID-19 recovered donors contained
high, but variable, levels of SARS-CoV-2 IgG (Fig. 2A) and 22
of 31 samples contained detectable levels of SARS-CoV-2 IgM
(Fig. 2B). Conversely, only 5 of 834 samples collected before
the pandemic contained SARS-CoV-2 IgG and only 4 of 834
samples contained SARS-CoV-2 IgM; none contained both
IgG and IgM. Based on these data, the estimated sensitivity
of the test is 100% (95% CI 89.1-100.0%) and the specificity is
98.9% (95% CI 98.0-99.5%). Using this test, we have found
that there is heterogeneity in antibody responses among hospitalized COVID-19 patients and that some actively infected
patients are seronegative (7, 8). Consistent with our initial
validation experiments, only 1 of 140 samples collected from
pregnant women before the pandemic (from 2009-2012) possessed IgG or IgM SARS-CoV-2 antibodies (Fig. 2C-D).
Serological findings
We found that 80 of 1,293 (seropositivity rate 6.2%, 95%
CI [4.9-8.0%]) pregnant women presenting for delivery from
April 4 to June 3, 2020 possessed IgG and/or IgM SARS-CoV2 antibodies (Fig. 2C-D; p = 0.003 comparing samples from
pre-pandemic and pandemic pregnant women). We identified 55 women with both SARS-CoV-2 IgG and IgM, 21 women
with only SARS-CoV-2 IgG, and 4 women with only SARSCoV-2 IgM (Table S1). SARS-CoV-2 antibody levels in samples
from these women were variable (Fig. 2C-D), similar to what
we found in samples from individuals recovering from confirmed SARS-CoV-2 infections (Fig. 2A-B). The seroprevalence rate was not statistically different comparing women
living within the city limits of Philadelphia (62/986, 6.3%,
95% CI [4.9-8.0%]) to those living in surrounding areas in
Pennsylvania (12/191, 6.3%, 95% CI [3.3-10.7%]), or surrounding areas in New Jersey (5/107, 4.7%, 95% CI [1.5-10.6%]).
There were no significant differences in seroprevalence rates
in women with or without comorbidities, preterm delivery, or
Cesarean mode of delivery (Table 1). In contrast, we observed

MATERIALS AND METHODS
Study design
The goal of this study was to estimate SARS-CoV-2 seroprevalence rates in the community using discarded serum
samples from parturient women. The Institutional Review
Board at the University of Pennsylvania approved this study.
There was a waiver of consent for testing of residual serum
samples from parturient women, as indicated below. For
other cohorts used to validate our assay, subjects were consented before samples were obtained. De-identified data were
used for analysis.
Serum samples from parturient women
Pregnant women at the two hospitals (Pennsylvania Hospital and Hospital of the University of Pennsylvania) have
blood drawn for rapid plasma reagin (screening for syphilis
per public health guidelines) testing as part of routine clinical
care on admission to the hospital for delivery. Residual serum
from this testing was obtained from the clinical laboratory at
the time it was otherwise to be discarded. Demographic and
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clinical data were collected from review of electronic medical
records to assess for differences in seroprevalence based on
these factors. Race and ethnicity were self-reported. International Classification of Diseases, 10th revision (ICD-10) diagnosis codes O24, E08-E13, Z79.4 were used to capture Type 1
diabetes, Type 2 diabetes and gestational diabetes; codes O10,
O11, O13-O16, I10-I13, I15 were used to capture hypertensive
disorders, gestational hypertension and pre-eclampsia; and
code J45 was used to capture any history of asthma before or
during pregnancy. To ensure these codes correctly captured
patient condition, we manually reviewed records for the first
130 (10%) women with ICD-10 diagnosis of diabetes, hypertension or asthma; and reviewed a random sampling of 65
records from the first 130 (5% of total) women without any
identified ICD-10 codes for these conditions. Patient numbers
for the Table S1 were assigned at random. The Institutional
Review Board at the University of Pennsylvania approved this
study with waiver of consent.
Serum samples from individuals recovered from
COVID-19
Samples from subjects who had recovered from laboratory-confirmed SARS-CoV-2 infections were obtained at the
University of Pennsylvania. Subjects were consented and
samples obtained after laboratory-confirmed COVID-19 diagnosis and >14 days since resolution of symptoms. The Institutional Review Board at the University of Pennsylvania
approved this study.
Pre-pandemic human serum samples
To validate our serological assay, serum samples from 834
adults (19-89 years old; 52% females) were collected via the
Penn Medicine Biobank (PMBB) between October and December of 2019, prior to the COVID-19 pandemic. PMBB routinely consents individuals visiting the University of
Pennsylvania healthcare system and obtains and stores biospecimens. Banked serum samples obtained from pregnant
women from 2009-2012 were also utilized as pre-pandemic
controls. For these banked samples, maternal serum was collected during the third trimester of pregnancy as part of an
IRB-approved study. From this study, 140 samples were randomly selected from women who delivered at term (average
gestational age at time of sample collection was 33.8 weeks,
80% were Black women).
Enzyme-linked immunosorbent assay (ELISA)
ELISAs were completed using plates coated with the receptor binding domain (RBD) of the SARS-CoV-2 spike protein using a previously described protocol with slight
modifications. (6, 25) Plasmids for expressing this protein
were provided by Florian Krammer (Mt. Sinai). SARS-CoV-2
RBD proteins were produced in 293F cells and purified using
nickel-nitrilotriacetic acid (Ni-NTA) resin (Qiagen). The supernatant was incubated for 2 hours with Ni-NTA resin at
room temperature before the Ni-NTA resin was collected
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Furthermore, most pregnant women cannot fully shelter-inplace during a pandemic as they continue to have interactions with the medical system. Our finding that Black/nonHispanic and Hispanic/Latino women have higher SARSCoV-2 seroprevalence rates relative to women of other races
suggest that there are race/ethnicity differences in SARSCoV-2 exposures in Philadelphia and surrounding areas.
Identification of factors that contribute to such differences in
exposure to SARS-CoV-2, including factors rooted in systemic
racism, may inform public health measures aimed at preventing further infections (11–13).
Prior perinatal COVID-19 studies have primarily focused
on virus detection (i.e., nucleic acid testing) in pregnant
women and most of these studies have not evaluated antibody responses (14–22). Two published studies to date have
assessed SARS-COV-2 serology in pregnant women with active disease. A study of 6 parturient women in Wuhan, China
with confirmed COVID-19 found all 6 women had elevated
levels of SARS-CoV-2 IgG and IgM (23). A case report from
Peru detailed a symptomatic pregnant woman with positive
PCR testing and negative serology at presentation, who developed severe respiratory failure necessitating delivery; her
IgM and IgG turned positive 4 days after delivery (9 days after symptom onset) (24). Beyond describing individual response to infection, SARS-CoV-2 serological testing among
pregnant women will be increasingly important for perinatal
disease risk management, as well as for optimizing vaccine
strategies when vaccines become available. Additional studies will be needed to address the impact of maternal infection
on neonatal immune responses, and to determine those factors that may contribute to observed disparities in exposure
to SARS-CoV-2.
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individuals who possessed pre-pandemic SARS-CoV-2 crossreactive serum antibodies. Most of these individuals possessed very low levels of cross-reactive SARS-CoV-2 antibodies. We found that ~1% of samples from the pre-pandemic
2019 cohort had IgG and/or IgM levels of >0.48 arbitrary
units, which was subsequently used as the cutoff for defining
seropositivity in the 2020 cohort.
Statistical methods
Standard descriptive analyses using χ2 test, Fisher’s exact
test, and Mann-Whitney U test as appropriate, compared the
demographic and clinical characteristics between the seropositive and seronegative women. Confidence intervals for
proportions were computed using the Clopper-Pearson (exact) method. Statistical significance was set at p-value <0.05.
Statistical analyses were performed using Stata version 16
(StataCorp, College Station, TX) and Prism version 8
(GraphPad Software). Figure 1 was created using QGIS version 3.12.3.
SUPPLEMENTARY MATERIALS
immunology.sciencemag.org/cgi/content/full/5/49/ebad5709/DC1
Table S1. Relative levels of SARS-COV-2 IgG and IgM in serum collected from
seropositive pregnant women (n = 80).
REFERENCES AND NOTES
1. D. Wang, B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, B. Wang, H. Xiang, Z. Cheng, Y. Xiong,
Y. Zhao, Y. Li, X. Wang, Z. Peng, Clinical Characteristics of 138 Hospitalized
Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China.
JAMA 323, 1061 (2020). doi:10.1001/jama.2020.1585 Medline
2. J. Abbasi, The Promise and Peril of Antibody Testing for COVID-19. JAMA 323, 1881
(2020). doi:10.1001/jama.2020.6170 Medline
3. D. Crook, Evaluation of antibody testing for SARS-CoV-2 using ELISA and lateral
flow immunoassays, medRxiv, 10.1101/2020.04.15.20066407 (2020).
4. J. D. Whitman, J. Hiatt, C. T. Mowery, B. R. Shy, R. Yu, T. N. Yamamoto, U. Rathore,
G. M. Goldgof, C. Whitty, J. M. Woo, A. E. Gallman, T. E. Miller, A. G. Levine, D. N.
Nguyen, S. P. Bapat, J. Balcerek, S. Bylsma, A. M. Lyons, S. Li, A. W. Wong, E. M.
Gillis-Buck, Z. B. Steinhart, Y. Lee, R. Apathy, M. J. Lipke, J. A. Smith, T. Zheng, I.
C. Boothby, E. Isaza, J. Chan, D. D. Acenas, J. Lee, T. A. Macrae, T. S. Kyaw, D. Wu,
D. L. Ng, W. Gu, V. A. York, H. A. Eskandarian, P. C. Callaway, L. Warrier, M. E.
Moreno, J. Levan, L. Torres, L. Farrington, R. Loudermilk, K. Koshal, K. C. Zorn, W.
F. Garcia-Beltran, D. Yang, M. G. Astudillo, B. E. Bernstein, J. A. Gelfand, E. T. Ryan,
R. C. Charles, A. J. Iafrate, J. K. Lennerz, S. Miller, C. Y. Chiu, S. L. Stramer, M. R.
Wilson, A. Manglik, C. J. Ye, N. J. Krogan, M. S. Anderson, J. G. Cyster, J. D. Ernst,
A. H. B. Wu, K. L. Lynch, C. Bern, P. D. Hsu, A. Marson, Test performance
evaluation of SARS-CoV-2 serological assays, medRxiv, 2020.04.25.20074856
(2020).
5.
Vital
Statistics
Annual
Report
(available
at
https://www.health.pa.gov/topics/HealthStatistics/VitalStatistics/PAVitalStati
stics/Pages/vital-statistics-report.aspx).
6. F. Amanat, T. Nguyen, V. Chromikova, S. Strohmeier, D. Stadlbauer, A. Javier, K.
Jiang, G. Asthagiri-Arunkumar, J. Polanco, M. Bermudez-Gonzalez, D. Caplivski,
A. Cheng, K. Kedzierska, O. Vapalahti, J. Hepojoki, V. Simon, F. Krammer, A
serological assay to detect SARS-CoV-2 seroconversion in humans, medRxiv,
2020.03.17.20037713 (2020).
7. L. Kuri-Cervantes, M. B. Pampena, W. Meng, A. M. Rosenfeld, C. A. G. Ittner, A. R.
Weisman, R. S. Agyekum, D. Mathew, A. E. Baxter, L. A. Vella, O. Kuthuru, S. A.
Apostolidis, L. Bershaw, J. Dougherty, A. R. Greenplate, A. Pattekar, J. Kim, N.
Han, S. Gouma, M. E. Weirick, C. P. Arevalo, M. J. Bolton, E. C. Goodwin, E. M.
Anderson, S. E. Hensley, T. K. Jones, N. S. Mangalmurti, E. T. Luning Prak, E. J.

immunology.sciencemag.org

(Page numbers not final at time of first release)

4

Downloaded from http://immunology.sciencemag.org/ by guest on July 30, 2020

using gravity flow columns and the protein was eluted. After
buffer exchange into phosphate-buffered saline (PBS), the purified protein was stored in aliquots at -80°C. ELISA plates
(Immulon 4 HBX, Thermo Scientific) were coated overnight
at 4°C with 50 μL per well of PBS or a 2 μg/mL recombinant
protein diluted in PBS. The next day, ELISA plates were
washed 3 times with PBS containing 0.1% Tween-20 (PBS-T)
and blocked for 1 hour with PBS-T supplemented with 3%
non-fat milk powder. Prior to testing in ELISA, serum samples were heat-inactivated at 56°C for 1 hour. Serum samples
were serially diluted in 2-fold in 96-well round-bottom plates
in PBS-T supplemented with 1% non-fat milk powder (dilution buffer), starting at a 1:50 dilution. Next, ELISA plates
were washed 3 times with PBS-T and 50 μL serum dilution
was added to each well. Plates were incubated for 2 hours at
room temperature using a plate mixer. Plates were washed
again 3 times with PBS-T before 50 μL of horseradish peroxidase (HRP) labeled goat anti-human IgG (Jackson ImmunoResearch Laboratories) (1:5,000) or goat anti-human IgMHRP (SouthernBiotech) (1:1,000) secondary antibodies were
added. After 1 hour incubation at room temperature using a
plate mixer, plates were washed 3 times with PBS-T and 50
μL SureBlue 3,3′,5,5′-tetramethylbenzidine (TMB) substrate
(KPL) was added to each well. Five minutes later, 25 μL of
250 mM hydrochloric acid was added to each well to stop the
reaction. Plates were read at an optical density (OD) of 450
nm using the SpectraMax 190 microplate reader (Molecular
Devices). Background OD values from the plates coated with
PBS were subtracted from the OD values from plates coated
with recombinant protein. A dilution series of the IgG monoclonal antibody CR3022, which is reactive to the SARS-CoV-2
spike protein, was included on each plate as a control to adjust for inter assay variability. The IgG CR3022 monoclonal
antibody was included on both IgG and IgM plates, and an
anti-human IgG-HRP secondary antibody was added to these
standardization wells on both IgG and IgM plates. In essence,
the CR3022 monoclonal antibody was used to set the OD
threshold on each plate and to ensure that the same OD
threshold was used on all plates, including both IgG and IgM
assays. Serum antibody concentrations were reported as arbitrary units relative to the CR3022 monoclonal antibody.
Plasmids to express the CR3022 monoclonal antibody were
provided by Ian Wilson (Scripps). All samples were first
tested in duplicate at a 1:50 serum dilution. Samples with an
IgG and/or IgM concentration above the lower limit of detection (0.20 arbitrary units) were repeated in at least a 7-point
dilution series to obtain quantitative results.
Establishment of an ELISA cutoff to distinguish seropositive versus seronegative
We used results from the 2019 cohort (Fig. 2A) to set
ELISA cutoffs for seropositivity and seronegativity. Over the
course of establishing our serological assay, we identified rare
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Fig. 1. Geographical distribution of women tested for SARS-CoV-2 antibodies. Most serum specimens analyzed
were from women living in areas within or immediately bordering the city of Philadelphia. Location of birth hospitals
where serum samples were collected are shown as red crosses.
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Fig. 2. Serum SARS-CoV-2 antibody levels in COVID-19 pandemic and pre-pandemic individuals.
(A-B) Relative levels of SARS-CoV-2 IgG (A) and IgM (A) in serum collected before the COVID-19
pandemic (n = 834) and serum collected from COVID-19 recovered donors (n = 31). (C-D) Relative
levels of SARS-CoV-2 IgG (C) and IgM (D) in serum collected from pregnant women from 2009-2012
(n = 140) and from April 4-June 3, 2020 (n = 1,293). Dashed lines indicate 0.48 arbitrary units, which
was used to distinguish positive versus negative samples (see Methods). Serum samples that were
below the cutoff for seropositivity were assigned an antibody level of 0.40 arbitrary units.
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Table 2. Timing of serology testing and seropositivity with respect to nasopharyngeal PCR testing1.
NP-PCR Positive
NP-PCR Negative
Serology Timing
Tested
Seropositive (%)
Tested
Seropositive (%)
Before NP-PCR test
17
10 (58.8)
364
9 (2.5)
0-6 days after NP-PCR test
26
15 (57.7)
647
16 (2.5)
7-13 days after NP-PCR test
5
5 (100.0)
8
0
14-20 days after NP-PCR test
2
2 (100.0)
7
0
14
14 (100.0)
19
1 (5.3)
≥21 days after NP-PCR test
Total
64
46 (71.9)
1,045
26 (2.5)
1
The table includes 1,109 women tested for serology who were also tested by nasopharyngeal PCR anytime during pregnancy
up to discharge from delivery admission. NP, nasopharyngeal; PCR, polymerase chain reaction.
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Table 1. Demographics and clinical characteristics of the study cohort.
Total
Seropositive1
Seronegative
Characteristics
p-value2
(n = 1,293)
(n = 80)
(n = 1,213)
Age (in years), median (IQR)
31 (27, 35)
28 (24, 32)
31 (27, 35)
<0.001
Race/ethnicity, n (%)3
Black/Non-Hispanic
537
52 (9.7)
485 (90.3)
<0.001
White/Non-Hispanic
447
9 (2.0)
438 (98.0)
<0.001
Hispanic/Latino
125
13 (10.4)
112 (89.6)
0.04
Asian
106
1 (0.9)
105 (99.1)
0.01
Other/Unknown4
78
5 (6.4)
73 (93.6)
0.93
Pre-pregnancy BMI5, n (%)3
Overweight (25.0 to <30.0)
345
28 (8.1)
317 (91.9)
0.07
337
27 (8.0)
310 (92.0)
0.09
Obese (≥30.0)
Diabetes6, n (%)3
113
10 (8.9)
103 (91.1)
0.22
Hypertension6, n (%)3
404
33 (8.2)
371 (91.8)
0.05
Asthma6, n (%)3
194
13 (6.7)
181 (93.3)
0.75
Cesarean delivery, n (%)3
400
30 (7.5)
370 (92.5)
0.19
Preterm delivery at gestational
128
11 (8.6)
117 (91.4)
0.23
age <37 weeks, n (%)3
3
Live-born infant, n (%)
1,282
79 (6.2)
1,203 (93.8)
0.51
1
Seropositivity was based on either IgG or IgM level >0.48 arbitrary units. 2Difference in maternal age was tested using
Mann-Whitney U test, differences in proportion of all other characteristics were tested using χ2 tests or Fisher’s exact test
as appropriate. For race/ethnicity and pre-pregnancy BMI, difference was tested at each level of the characteristic (e.g., proportion of Black women who were seropositive compared to proportion of non-Black women who were seropositive). 3Row
percentages are shown which represent the percent of total in each characteristic (e.g., 9.7% of Black/Non-Hispanic women
were seropositive). 4Race/ethnicity was unknown for 2 seropositive and 26 seronegative women; race was abstracted from
documentation at time of admission and in clinical practice, is usually self-reported. 5Pre-pregnancy BMI was missing for 2
seropositive and 12 seronegative women; pre-pregnancy BMI was abstracted from documentation in the medical record, or
from patient’s self-reported entry in birth registration. 6Diagnoses were based on delivery admission International Classification of Diseases, 10th revision diagnosis codes for diabetes (O24, E08-E13, Z79.4), hypertension (O10, O11, O13-O16, I10I13, I15), and asthma (J45). BMI, body mass index; IQR, interquartile range.
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