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Association Between Number of In-Person
Health Care Visits and SARS-CoV-2 Infection
in Obstetrical Patients
A major concern that has emerged from the coronavirus dis-
ease 2019 pandemic is patient avoidance of necessary medi-
cal care.1 Data regarding how in-person visits to medical
facilities influence the risk of contracting severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection are
limited. Obstetrical patients are a unique group who have
required frequent in-person health care visits during the pan-
demic. The aim of this analysis was to examine whether the
number of in-person health care visits was associated with
the risk of SARS-CoV-2 infection.

Figure. Age-Adjusted Prevalence of Obesity and Severe Obesity in US Adultsa
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a National Health and Nutrition Examination Survey data, prevalence estimates
are weighted and age-adjusted to the projected 2000 Census population
using age groups 20-39, 40-59, and 60 or older. Some estimates are
potentially unreliable, due to CI width of more than 5% and relative CI width of
more than 130% (severe obesity, non-Hispanic White men 2011-2012; severe
obesity, Mexican American men 2001-2002, 2017-2018, and women
2001-2002) or due to fewer than 10 individuals with severe obesity (Mexican
American men 2003-2004). The estimate for severe obesity in Mexican
American men 2003-2004 was potentially unreliable due to the number of
individuals with severe obesity being fewer than 10. Sample size ranges are
non-Hispanic White men 879-1395; non-Hispanic Black men 374-662;

Mexican American men 266-538; non-Hispanic White women 860-1447;
non-Hispanic Black women 422-702; and Mexican American women 237-567.
Significant linear trends (P < .001) for all groups except for (1) obesity among
non-Hispanic Black men, which increased from 1999-2000 to 2005-2006
(slope, 3.4; 95% CI, 1.8-5.0; P < .001) and then leveled after 2005-2006
(slope, 0.3; 95% CI, −0.6 to 1.2; P = .46; difference in slopes, P = .007); (2)
severe obesity among non-Hispanic Black women (P = .02); and (3) severe
obesity among Mexican American women, which was level 1999-2000 to
2009-2010 (slope, 0.1; 95% CI, −0.5 to 0.6; P = .81) and increased after
2009-2010 (slope, 2.1; 95% CI, 1.1-3.1; P < .001; difference in slopes, P = .004).
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Methods | Mass General Brigham institutional review board ap-
proval was obtained for this study and the need for informed
consent waived. The study population included all patients de-
livering at 4 hospitals in the Boston, Massachusetts, area be-
tween April 19, 2020, and June 27, 2020, a period during which
all obstetrical patients were tested for SARS-CoV-2 infection
at the time of admission. All SARS-CoV-2 testing was per-
formed on nasopharyngeal swabs using reverse transcriptase–
polymerase chain reaction assays.

We performed a nested case-control study in which we
used risk set sampling to match patients who tested positive
for SARS-CoV-2 infection either during pregnancy or at the time
of admission for labor and delivery with up to 5 control pa-
tients. The control matches were based on the gestational age
of the cases and controls on the date the case tested positive
for SARS-CoV-2 infection (±6 days), race/ethnicity (recorded
in the patient’s medical record; Black vs Hispanic vs Asian or
White), insurance type (Medicaid vs commercial), and SARS-
CoV-2 infection rate in the patient’s zip code (divided in 20
groups by ventile).2

Based on electronic medical record data, we assessed the
number of in-person visits for patients from March 10, 2020
(2 weeks prior to the closure of nonessential business in
Massachusetts when community transmission was likely), to
the date of the cases’ SARS-CoV-2 infection diagnosis. The as-
sociation between the number of in-person visits and the odds
of SARS-CoV-2 infection diagnosis was assessed using condi-
tional logistic regression with adjustment for age, body mass
index (BMI; calculated as weight in kilograms divided by height
in meters squared), and essential worker occupation.3 We used
multiple imputation to account for missing regression covar-
iates (0.6% were missing BMI and 11.6% were missing essen-
tial worker occupation).

The odds ratios with corresponding standard errors were
obtained from each of 10 imputed data sets and combined using
the rules of Rubin4 to produce pooled estimates with 2-sided

95% CIs. We performed sensitivity analyses assessing the num-
ber of clinic visits after March 24, 2020 (the date of closure of
nonessential businesses), excluding patients with a house-
hold member with known SARS-CoV-2 infection, patients test-
ing positive for SARS-CoV-2 infection antenatally, and pa-
tients with incomplete covariate information. Precision around
the measures of association is provided using 2-sided 95% CIs.
Statistical analyses were performed using SAS software ver-
sion 9.4 (SAS Institute Inc).

Results | The study population included 2968 deliveries; 5 pa-
tients were not tested for SARS-CoV-2 infection and were ex-
cluded. There were 111 patients (3.7% [95% CI, 3.1%-4.5%]) who
tested positive for SARS-CoV-2 infection. Of these 111 pa-
tients, 45 tested positive for SARS-CoV-2 infection antena-
tally and 66 tested positive at the time of admission for labor
and delivery.

We excluded patients residing outside Massachusetts
(2.2%) and those missing data required for matching (0.8%).
We then matched 93 cases with 372 control observations. The
mean number of in-person visits was 3.1 (SD, 2.2; range, 0-10)
for cases and 3.3 (SD, 2.3; range, 0-16) for controls. For the as-
sociation between the number of in-person health care visits
and SARS-CoV-2 infection, the odds ratio was 0.93 (95% CI,
0.80-1.08) per additional visit. Sensitivity analyses yielded
similar results (Table).

Discussion | There was no meaningful association between the
number of in-person health care visits and the rate of SARS-
CoV-2 infection in this sample of obstetrical patients in the
Boston area. Massachusetts had the third highest SARS-
CoV-2 infection rate in the country during the spring 2020
surge, and the Boston area was particularly affected.

The findings from this obstetrical population who had fre-
quent in-person visits to a health care setting and underwent
universal testing for SARS-CoV-2 infection suggest in-person

Table. Association Between Each Additional In-Person Health Care Visit and Odds of SARS-CoV-2 Infection

Cases Control observations

OR (95% CI)No.
Clinic visits,
mean (SD) No.

Clinic visits,
mean (SD)

Primary analysisa

Unadjustedb 93 3.1 (2.2) 372 3.3 (2.3) 0.93 (0.80-1.07)

Adjustedc 93 3.1 (2.2) 372 3.3 (2.3) 0.93 (0.80-1.08)

Sensitivity analysesd

Assessing No. of clinic visits after March 24, 2020 90 2.5 (2.2) 357 2.6 (2.1) 0.91 (0.76-1.09)

Analyses excluding patients who

Had a household member with known SARS-CoV-2 infection 68 3.5 (2.2) 270 3.6 (2.3) 0.97 (0.82-1.14)

Tested positive for SARS-CoV-2 infection antenatally 53 4.2 (2.2) 201 4.3 (2.4) 0.97 (0.82-1.15)

Complete case analysis 82 3.1 (2.2) 318 3.2 (2.4) 0.91 (0.78-1.07)

Abbreviations: OR, odds ratio; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.
a Assessing the number of in-person visits for patients from March 10, 2020,

which was 2 weeks prior to the closure of nonessential business in
Massachusetts.

b After matching on the gestational age of the cases and controls based on the
date the case tested positive for SARS-CoV-2 infection (±6 days),

race/ethnicity, insurance type (Medicaid vs commercial), and SARS-CoV-2
infection rate in the patient’s zip code.

c Adjusting for age, body mass index, and essential worker occupation.
d All estimates were matched for the same covariates as in the primary analysis

and were also adjusted for age, body mass index, and essential worker
occupation.
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health care visits were not likely to be an important risk fac-
tor for infection and that necessary, in-person care can be safely
performed. Limitations of this study include the restriction to
obstetrical patients. Future studies are needed to determine
whether these findings extend to other populations and health
care settings.
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Geographic Distribution of US Cohorts Used to Train
Deep Learning Algorithms
Advances in machine learning, specifically the subfield of deep
learning, have produced algorithms that perform image-based
diagnostic tasks with accuracy approaching or exceeding that of
trained physicians. Despite their well-documented successes,
these machine learning algorithms are vulnerable to cognitive
and technical bias,1 including bias introduced when an insuffi-

cient quantity or diversity of data is used to train an algorithm.2,3

We investigated an understudied source of systemic bias in clini-
cal applications of deep learning—the geographic distribution of
patient cohorts used to train algorithms.

Methods | We searched PubMed for peer-reviewed articles pub-
lished online or in print between January 1, 2015, and Decem-
ber 31, 2019, that trained a deep learning algorithm to perform
an image-based diagnostic task and benchmarked perfor-
mance against (or in tandem with) physicians across 6 clinical
disciplines: radiology, ophthalmology, dermatology, pathol-
ogy, gastroenterology, and cardiology. Search terms included
deep learning and the clinical specialties of interest, along with
Medical Subject Heading synonyms. Results were supple-
mented by searching reference lists of relevant publications and
reviews. Studies that used at least 1 US patient cohort for algo-
rithm training were included. All authors gave input to the search
strategy. One author (A.K.) performed the search, screened ar-
ticles, and extracted data, then repeated the process a second
time after a washout period. The final set of included articles
and extracted data was reviewed by all authors.

For each state, the number of studies that used at least 1
patient cohort from that state was determined. Patient co-
horts provided by a hospital or health system were attributed
to the home state of the institution unless an alternate method
for assembling the cohort was described. If cohorts were am-
biguous, we communicated with corresponding authors for
clarification. Cohorts used only for testing or validation of an
algorithm were not included.

Some patient cohorts were intrinsically geographically
heterogeneous or ambiguous, such as cohorts from large stud-
ies from the National Institutes of Health (NIH) or clinical trials
(spanning 5 or more states) and data from industry reposito-
ries. These cohorts were labeled “multisite” and their num-
ber and type were characterized separately.

Results | Of the 2606 studies identified by the search, 74 met
inclusion criteria: radiology (n = 35), ophthalmology (n = 16),
dermatology (n = 11), pathology (n = 8), gastroenterology
(n = 2), and cardiology (n = 2). (The list of studies is available
from the authors on request.)

Fifty-six studies (76%) trained algorithms using at least 1
geographically identifiable cohort. Cohorts from California ap-
peared in 22 of the 56 studies (39%), cohorts from Massachu-
setts in 15 (27%), and cohorts from New York in 14 (25%) (Table).
Forty of 56 studies (71%) used a patient cohort from at least 1
of these 3 states. Among the remaining 47 states, 34 did not
contribute any patient cohorts, and the remainder contrib-
uted between 1 and 5 cohorts (Table).

Eighteen of 74 studies (24%) used multisite cohorts ex-
clusively; across all studies, 23 multisite cohorts were identi-
fied. Thirteen (57%) of 23 were from existing NIH studies or
consortia, 7 (30%) were from industry trials or databases, 2 (9%)
were from online image atlases, and 1 (4%) was from an aca-
demic second opinion service.

Discussion | In clinical applications of deep learning across
multiple disciplines, algorithms trained on US patient data
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