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Abstract

Objective The COVID-19 lockdown impacted interactions with the health care system and societal stress levels. Previous
US-based studies suggest that pandemic lockdowns may have lowered preterm birth rates although there are mixed find-
ings from different settings. We evaluated the impact of COVID-19 on preterm birth and low birthweight rates at two San
Francisco hospitals.

Methods We compared rates of preterm birth (<37 weeks) and low birthweight (<2500 g) in San Francisco at a safety net
hospital and an academic medical center during two time periods early in the COVID-19 pandemic compared with the same
months from the prior year: from March to May 2019 and 2020 and August to December 2019 and 2020. We calculated crude
rates for preterm birth and low birth weight as well as compared maternal and infant birth demographics and health charac-
teristics during these same time periods using descriptive statistics. Secondly using a cross-sectional study design, we used
logistic and linear regression models to evaluate risk for preterm birth, gestational age at birth, and low birthweight adjusting
for confounders comparing the lockdown period with the pre-COVID year. All analyses were conducted using Stata 15.0.
Results From August to December 2019 to 2020, the preterm birth rate decreased from 13.20 to 7.96% in the combined
hospital data (p<0.01), and the low birthweight rate decreased from 11.33 to 9.70% during the same time period (p=0.13).
We did not find a comparable reduction from March to May 2019 to 2020. Maternal age at delivery was significantly younger
during the lockdown period, August to December, than in the prior year (36.29+5.69 versus 37.15+5.68 years p<0.01) and
parity was greater (0.83+1.15 versus 0.74+1.04, p=0.03) but there were no other significant differences in race or ethnicity,
infant sex or type of delivery (vaginal versus Cesarean section) from 2019 to 2020. In a logistic and linear regression model
adjusting for maternal age and infant sex and other confounders, the lockdown period from August to December was protec-
tive against preterm birth (OR 0.65, 95%CI 0.51-0.82) and associated with overall longer gestational duration (Coeff 0.23,
95%CI 0.07-0.39). The August to December lockdown period was also associated with greater birthweight (Coeff 43.76,
95%CI 2.19-85.34).

Conclusions In San Francisco, COVID-19 lockdowns lowered the preterm birth and increased gestational duration in infants
comparing 2019 with 2020 for August to December. The reduced in preterm birth rates may be related to the overall strict
lockdown measures that San Francisco implemented compared with other US cities.

What this Study Adds to the Clinical Work? This study suggests that COVID-19 lockdowns lowered the preterm birth rate
in August -December 2020 compared with the same months in 2019 in two hospitals in San Francisco. San Francisco had
strict lockdowns compared with other areas of the country and fewer deaths. The stay-at-home measures could possibly have
reduced stress for pregnant women or had other positive benefits that reduced the preterm birth rate.
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vast, yet long-term effects have not been elucidated. During
the acute lockdown periods, routine access to hospitals and
clinics was restricted, and associated psychological stress
and/or routine changes in practices may have had varying
impacts on a wide range of health conditions, including
preterm birth (<37 weeks gestation) and/or low birthweight
(<2500 g) [2].

Previous studies including meta-analyses and large pro-
spective studies have found that maternal mental health
including anxiety and/or depression in pregnancy may
increase risk for preterm birth outcomes [3, 4]. The effect
of COVID-19 on maternal mental health has been inconclu-
sive and could have indirectly impacted the preterm birth
rate via shifts in maternal mental health. Stress from isola-
tion and irregular routines may have increased depression
and anxiety in pregnant women during the pandemic [5].
However, limiting stress from work, travel, and day-to-
day activities may also have benefited mothers’ quality of
life. A comprehensive U.S. study found a decrease in the
number of preterm births using an interrupted time-series
approach to determine if there was a significant difference
between the expected number of preterm births in 2020 and
the actual rate [6]. The impact of the COVID-19 pandemic
on maternal stress and mental health and subsequent risk for
preterm birth was likely not uniform and differed by time-
period (months of 2020 versus 2021 and later when the
COVID-19 vaccine was available) and regional location.

Regional data suggests a heterogenous impact on the
preterm birth rate with no impact in the urban area of
Philadelphia, while New York City had a reduction [7, 8].
A statewide study in California found that there was no
change overall in the preterm birth rate from pre-COVID
years to 2020 [9]; however, as regional and county-specific
guidelines were not uniform in California, it is possible that
there was heterogeneity in preterm birth rates. San Fran-
cisco County had one of the most extensive lockdowns of
all California counties [10].

The COVID-19 pandemic also impacted access to clini-
cal and hospital care. Overall, a greater number of antena-
tal care visits are associated with reduced risk for preterm
birth in a dose dependent manner including reduced rates in
high-risk groups [11-13]. Studies evaluating the COVID-19
epidemic impact on access to prenatal care suggest that pre-
natal care visits declined during the lockdown period across
all racial and ethnic groups with in-person visits potentially
being the most impacted [14, 15].

We conducted a study comparing preterm birth rates and
other birth outcomes including gestational age at birth, birth-
weight and low birthweight between 2019 (pre-pandemic)
and 2020 (during the months of the more severe lockdowns,
March-December) at two hospitals in San Francisco. San
Francisco was an urban area in the United States with one
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of the most severe lockdowns but also reduced deaths from
COVID-19 compared with other urban areas.

2 Methods
2.1 Variables
2.1.1 Study Population and Qutcome

This study was conducted using data from the University of
California, San Francisco Benioff (UCSF) and Zuckerberg
San Francisco General (ZSFG) hospitals to assess for differ-
ences in preterm birth rate, very preterm (<32 weeks ges-
tation), gestational age (continuous), and low birth weight
during the COVID-19 epidemic compared with the year
prior to COVID-19. Difference in preterm birth rate was the
primary outcome of interest and the others were secondary
outcomes. Secondary, we assessed the demographics and
birth characteristics (weight and gestational age) of preterm
and low birthweight infants by birth year. As we compared
the rate between two years, we conducted primarily descrip-
tive analyses. Secondary, we analyzed the data cross-sec-
tionally to assess risk factors for preterm birth, gestational
age and low birth weight including year of birth. UCSF is
a tertiary medical center and ZSFG is a public, safety net
hospital serving the San Francisco Bay Area.

2.1.2 Study Data Collection

All births during the study time period were included in the
database of births. For multiples, we only included the birth
characteristics of the first listed multiple and did not include
the additional infants. Gestational age at birth was calcu-
lated based on ultrasound dating or last menstrual period
with similar protocols used at both hospitals. Standard digi-
tal scales were used to calculate birthweights also with simi-
lar protocols at both hospitals and gestational age was based
on early transabdominal or transvaginal ultrasound dating.

2.1.3 Exposures

Our main exposure of interest was time as indicated by
month and year as the data was compiled in a de-identified
way as described below and the study received exempt status
from the UCSF IRB. Births were combined for UCSF and
ZSFG for August through December 2019 and compared
with August through December of 2020 (the pre and post
COVID period respectively). We also had an earlier time
period available for UCSF only so also compared March
through May 2019 (pre-COVID) with March through May
2020 (COVID) as a secondary analysis as medical records
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were not in an electronic format at ZSFG in this earlier
time period. These earlier months of the pandemic (March
to May) had a stricter lockdown with more restrictions on
movement and more closures of businesses than the later
months (August through December) in San Francisco. As
such, we were able to evaluate these two different expo-
sures (later lockdown (August through December 2020))
versus an earlier lockdown (March through May 2020) on
risk for preterm birth, with the earlier time period limited by
a smaller sample size. Furthermore, the earlier time period
included women who experienced the first and second tri-
mesters of gestation outside of a COVID-19 time-period.

2.1.4 Covariates

Maternal covariates evaluated included self-reported race
(Black, Asian, White, Native American), self-reported eth-
nicity (Hispanic versus non-Hispanic), health characteris-
tics (vaginal versus Cesarean section birth, previous history
of preterm birth (self-reported) and parity (self-reported),
and maternal age (years)) and infant covariates included
sex (male versus female). Both hospitals included only self-
reported race and ethnicity covariates.

2.1.5 Study Design and Statistics

UCSF’s Clinical and Translational Science Institute (CTSI)
extracted and compiled the data from UCSF’s electronic
record system (EPIC systems). Descriptive statistics were
used to describe findings. Continuous data are reported as
means+standard deviation (SD), and categorical data are
reported as percentages (%). All covariates were assessed
for normality using Shapiro-Wilk tests. Non-parametric
tests were used for data that were not normally distributed,
including the Mann-Whitney U and chi-square tests. Ges-
tational age and birthweight were not normally distributed
and as such we used non-parametric tests.

As primary outcome of interest was the preterm birth rate
in 2019 and 2020 with secondary outcomes including gesta-
tional age, birthweight and low birthweight. We calculated
crude rates for preterm birth and low birthweight and mean
gestational age and birthweight by year. Newborns that did
not have a gestational age or birthweight were excluded
from the analysis.

We also assessed associations between our outcomes of
interest (preterm birth, low birthweight, infant gestational
age, and birthweight) and maternal predictors including
racial background, ethnicity (Hispanic or not Hispanic),
previous history of preterm birth (yes or no), parity (num-
ber of previous live births) and birth type (Cesarean section
or vaginal birth), and infant specifics (e.g. sex, male ver-
sus female) using cross-sectional data analysis approaches

including the Mann-Whitney U test and the chi-squared
test. We evaluated these maternal and infant factors in rela-
tion to births in the select months of 2019 versus 2020 (as
described above) to assess if there were any differences
in the maternal and infant demographic or health charac-
teristics between the years that could explain differences
between the two years in terms of preterm birth rate, low
birthweight rate, gestational duration or birthweight means.
A p-value less than 0.05 is considered statistically signifi-
cant. All analyses were conducted using Stata 15.0.

So as to adjust for potential confounders and any biases
related to confounding, we used logistic and linear regres-
sion models to evaluate independent predictors for preterm
birth, low birth weight, gestational duration and birthweight
adjusting for variables that were associated with our out-
come in bivariate analysis, previous studies of preterm birth
and possibly the time of delivery including maternal age at
delivery (years), previous history of preterm birth and infant
sex (male versus female), ethnicity (Hispanic versus non-
Hispanic), race (Native-American/American-Indian, white,
Asian, black or other/not answered). We also adjusted all
analyses for hospital of birth as the lockdown may have
had differential impacts on health seeking behaviors at the
two hospitals that could have impacted preterm birth rate.
The amount of missing data in the overall dataset was low
(between 0.7 and 1.3%) with data only missing from birth-
weight, infant racial background and gender. A complete
case analysis approach was used in the multivariable analy-
sis. The study received exempt approval from the Institu-
tional Review Board (IRB) of the University of California,
San Francisco.

3 Results

This study compares the gestational duration and birth-
weight of 1712 infants born in 2019 and 1482 infants born
in 2020 at UCSF Benioff and ZSFG hospitals from August
through December. Secondary, we assessed the gestational
duration and birthweight of 582 infants born from March
through May 2019 compared with 620 infants born in the
same months in 2020 at UCSF Benioff hospital.

3.1 Gestational Age, Preterm Birth, Birthweight
and Low Birthweight by Birth Year (2019 Versus
2020)

In the combined hospital data, the mean gestational age of
infants was shorter in 2019 than in 2020 although the results
were not statistically significant. (38.56+£2.90 weeks ver-
sus 38.69+2.77 weeks; p=0.22; Table 1). This difference
corresponds to approximately 1 day longer gestation. In the
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Table 1 Maternal and infant characteristics in relation to birth year for UCSF and ZSFG hospitals

Maternal and Infant UCSF and ZSFG UCSF and ZSFG p-value UCSF Births UCSF Births p-value

Variables Births 2019* Births 2020* 2019%* 2020%*

% (N/Total) or % (N/Total) or % (N/Total) or % (N/Total) or
Mean+SD Mean+SD Mean+SD Mean+SD

Infant Specifics

Infant Gestational Age  Gestational age, 38.56+2.90 38.69+2.77 0.22 38.79+2.63 38.60+2.60 0.04
weeks
Preterm (<37 13.20 (226/1712) 7.96 (118/1482) <0.01 11.86 (69/582) 11.51 (71/617)  0.85
weeks)

Very Preterm (<32 3.33 (57/1712) 1.75 (26/1482) <0.01 2.58(15/582) 3.24 (20/617) 0.50
weeks)

Infant Birthweight Birthweight, grams ~ 3180.25+649.28 3211.12+£626.55 0.13 3235.66+621.49 3200.04+640.04 0.36
Low Birthweight, 1896.66 + 572.97 1860.93+588.36 0.43 1879.61+£589.44 1869.67+564.12 0.84
grams
Low Birthweight%  11.33 (193/1703) 9.70 (151/1556)  0.13 8.67 (51/588) 10.32 (64/620)  0.33

Infant Sex Female 48.50 (823/1697) 49.81 (769/1544) 0.46 50.51 (296/586)  50.57 (313/619)  0.99
Male 51.50 (874/1697) 50.19 (775/1544) 0.46 48.95 (290/586) 49.43 (306/619) 0.99

Maternal Specifics

Maternal Age, years 37.15+5.68 36.29+5.69 <0.01 39.17+£5.01 38.40+4.68 <0.01

Maternal Ethnicity Hispanic 27.01 (463/1714) 27.70(434/1567) 0.66 11.32 (67/582) 11.59 (72/621)  0.88

Maternal Race Black 7.53 (129/1714)  7.72 (121/1567)  0.17 6.42 (38/592) 6.60 (41/621) 0.90
Asian or Pacific 20.60 (353/1714) 21.51(337/1567) 0.17 27.36 (162/592) 24.64 (153/621) 0.28
Islander
White 36.00 (617/1714) 38.16 (598/1567) 0.17 47.47 (281/592)  45.73 (284/621) 0.55
Native American or  0.41 (7/1714) 0.77 (12/1567) 0.17 0.68 (4/592) 0.81 5/621) 0.79
Alaska Native

Cesarean Section 20.89 (358/1714) 21.76 (341/1567) 0.54 23.99 (142/592)  20.13 (125/621) 0.11

Prior Preterm Birth 5.95(102/1712)  6.06(95/1567) 0.89 4.90 (29/592) 6.44 (40/621) 0.24

Parity 0.74+1.04 0.83+1.15 0.03 0.62+1.01 0.68+0.94 0.02

*Births from August-December of 2019 and 2020
**Births from March-May of 2019 and 2020

“Numbers do not add up always due to missing data

March-May data, it was longer in 2019 (38.79+2.63 versus
38.60+£2.60 weeks; p=0.04; Table 1).

In the combined hospital data, there was a significantly
higher percentage of preterm infants born in 2019 than that
of 2020 (13.20% versus 7.96% p<0.01). The very pre-
term birth rate followed this pattern (3.33% versus 1.75%
p<0.01). There was no statistically significant difference in
the rate of preterm birth in the earlier (March through May)
hospital data from UCSF alone comparing 2019 and 2020.

In the combined hospital data, the average birthweight
of infants born in 2019 was lower than that of infants born
in 2020 but the results were not statistically significant (
3180.25+649.28 g versus 3211.124+626.55 g; p=0.13;
Table 1). There was no difference in the low birthweight rate
between 2019 and 2020 for the combined hospital sample or
the UCSF only sample population (Table 1).

There were no significant differences in maternal or infant
demographics or birth characteristics in relation to year of
birth (2019 versus 2020) with the exception of maternal
age and parity. Mothers with preterm births had a higher
maternal birth age in 2019 versus 2020 for the combined
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and UCSF hospitals (37.15+5.68 versus 36.29+5.69 years,
p<0.01 and 39.17+5.01 versus 38.40+4.68 years, p<0.01;
Table 1). Maternal parity was also lower prior to COVID
(2019) than in 2020 (0.62+1.01 versus 0.68+0.94, p=0.02).

3.2 Maternal and Infant Characteristics in Relation
To Preterm Birth, Gestational Age, Low Birthweight
and Birthweight by Birth Year (2019 Versus 2020)

We evaluated demographic and health characteristic differ-
ences between preterm birth, gestational age, birthweight
and low birthweight comparing 2019 and 2020 (Table 2).
For the combined hospital sample from August-December,
there were differences between 2019 and 2020 in the mean
gestational age of preterm infants by race. The gestational
age in African-American preterm infants was shorter in
2020 than in 2019 (28.60+6.22 versus 32.61+£4.95 weeks;
Table 2; p<0.01). Similarly, birthweight was lower for
African-American preterm infants in 2020 compared
with 2019 (1417.52+£755.60 versus 2142.21+£852.35 ¢
(p=0.02)). Maternal age was less in 2020 for the mothers
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of preterm infants and parity was higher (36.57+6.13 ver-
sus 35.88+6.31 years, p<0.01) and 0.87+1.18 versus
1.32+1.79, p<0.01.

Comparing demographics and birth characteristics
for low birthweight infants, there were fewer female low
birthweight infants in 2020 than 2019 (7.93% (61/796)
versus 13.08% (107/818), p<0.01). There were also fewer
white low birthweight infants in 2020 than in 2019 (5.88%
(35/595) versus 9.59% (59/615), p=0.02). Parity was also
greater in 2020 than 2019 (1.09+1.60 versus 0.78+1.08.
p=0.04). There were no other significant demographic or
maternal characteristic differences between the preterm
birth or low birthweight infants between 2019 and 2020
(Table 2). We also did not find any other demographic or
birth characteristic differences by gestational age or birth-
weight differences for preterm infants in 2019 versus 2020
(Table 2).

For the UCSF-only sample comparing the -earlier
COVID-19 time period March to May 2019 and 2020, we
did not find any differences in demographics or maternal
health characteristics of preterm or low birthweight infants
or when we assessed these characteristics in relation to
the gestational age or birthweight by preterm birth status
(Table 3).

In multivariable models adjusting for maternal age at
delivery, infant sex, ethnicity and race, previous preterm
birth, parity and hospital of delivery, being born during the
COVID-19 lockdown period (August-December 2020) was
protective against preterm birth compared with the prior
year (OR 0.65 95%CI10.51-0.82; p<0.01; Table 4). Previous
history of preterm birth was also associated with increased
risk (OR 3.75, 95%CI 2.61-5.40) while being born at ZSFG
was protective against preterm birth (OR 0.44, 95%CI 0.32—
0.62) (Table 4). In multivariable linear regression models
adjusting for the same confounders, the lockdown period
was associated with greater gestational age at birth (wks)
(Coeff 0.23 95%CI 0.07-0.39) and higher birthweights (g)
(Coeff 43.76, 95%CI 2.19-85.34) (results not shown). The
lockdown period trended towards significance for reducing
low birthweight infants but was not statistically significant
(OR 0.79, 95%CI 0.62-1.01, p=0.006).

4 Discussion

Our analysis found that from 2019 to 2020, there was a
significant reduction in the number of preterm births in
our two San Francisco hospitals during the later lockdown
period August to December 2020 compared with these same
months in 2019. There was also longer gestation in 2020
by approximately 1 day when the data was analyzed con-
tinuously, which could have overall clinical significance for
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neonatal health, however, our findings were not statistically
significant. There was not a similar reduction comparing the
earlier lockdown period (March to May of 2020 compared
with the same months in 2019) although our numbers were
smaller for this time period as we only had data from UCSF.
We did not find a reduction in the rate of low birthweight
infants from August to December of 2019 versus 2020.

These findings corroborate the trend observed across
select areas of the United States of decreasing preterm birth
rates during the COVID-19 lockdown [6] although our study
is unique in that it compares the early and the later low-
down time period with similar months in 2019. Meanwhile,
review articles universally emphasize an increase in stress
and anxiety during the COVID-19 pandemic [16], and poor
maternal mental health is associated with a higher risk of
preterm birth [3]. Furthermore, day-to-day work and occu-
pational stress contribute to a higher risk of preterm birth
[2]. The pandemic resulted in many pregnant people stay-
ing at home, unable to work in person with the exception
of essential workers. It is possible that stay at home man-
dates may have resulted in improvements in physical health
for pregnant people in certain scenarios. San Francisco, in
particular, had earlier remote work policies and local hospi-
tals were less overwhelmed by COVID-19 compared with
other urban areas, potentially, resulting in reduced anxiety
for pregnant people compared with other urban areas [17].

Unilaterally, changes in hospital and clinic policies dur-
ing the COVID-19 period also resulted in pregnant people
needing to go to clinic visits alone which likely impacted
health seeking behaviors that requires further study to better
understand [18]. Furthermore, there were fewer in-person
prenatal visits during 2020 which data suggest may result in
greater risk for preterm birth, which is contrary to our find-
ings and needs further study.

Interestingly, we did not find any differences in preterm
birth rate comparing the early time period of COVID lock-
down (March through May 2020) with the same months in
2019 versus the later analysis (August through December
2019 compared with 2020) although our numbers were
smaller as we only had data from UCSF’s Benioff hospi-
tal. However, it is also possible that the earlier period of
the lockdown may have been more associated with greater
stress compared with later time periods. By May 18 2020,
San Francisco county along with the other Bay Area coun-
ties planned a phase 2 re-opening [19]. However, this early
time period also would have been less impacted by a reduc-
tion in in-person prenatal visits or changes in maternal
mental health during the earlier gestational months as these
pre-dated the beginning of the pandemic.

We did not find any reduction in low birthweight infants
during the lockdown although there was an overall increase
in birthweight. A systematic review of existing studies found
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Table 3 Maternal and infant characteristics for preterm and low birthweight infants at UCSF Hospital*"

Low Birth-weight Low Birth-weight p-value

2019

p-value

Preterm Gesta-  p-value Preterm Birthweight 2019 Preterm Birthweight
Mean+STD

Preterm Gesta-

p-value

Preterm Births 2019% Preterm Births

(N/Total) or

Maternal and Infant Variables

2020

2020

tional Age (wks)

tional Age (wks)

2020% (N/Total) or

Mean+SD

% (N/Total) or
Mean+STD

% (N/Total) or
Mean+STD

6.92

Mean+STD

2019 Mean+=STD 2020 Mean+STD

Mean+SD

0.47

8.50 (26/306)

0.31

2133.72+
807.30

2303.33+570.95

79 34.27+2.32 33.34+3.20 0.35

0.

51.56 (33/64) 49.28 (34/69)

Female

Infant
Sex

(20/289)

0.47
0.62
0.9
0.87
0.5

8.50 (26/306)
18.06 (13/72)
19.51 (8/41)

9.21(14/152)
6.34 (18/284)

N/A

6.92 (20/289)
14.93 (10/67)
18.42 (7/38)

8.70 (14/161)
5.04 (14/278)

N/A

0.35
0.85
0.56

0.34
0.43

2211.72+£782.40
2121.76+819.99
2327.21+816.35
1964.97+706.14
2453.30+156.03

N/A

2391.83+848.30
2207.72+1001.16
2194.36+589.97
2614.47+687.10
N/A

2430.69 + 631.28

63
0.50
0.86

25
0.55

33.27+3.58
33.37£2.55
34.07+2.18
32.41+4.74
33.80+3.74

33.23+4.52
34.07+1.55
33.97+2.63
33.75+3.38

33.86+2.75
35.29

0.94
0.25
0.62
0.63
0.31
0.

35/69)
13/71)
8/71)

15/71)
24/71)

T

50.72
1831
11.27
21.13
33.80

18.84 (13/69)

5.80 (4/69)
37.68 (26/69)

24.64 (17/69)
Native American 1.45 (1/69)

48.44 (31/64)

Hispanic
Black
Asian
White

Male

Ethnicity
Race

61

0.

18.31(26/142)  20.80 (26/125)

0.36

2019.77+825.21

32.54+3.61 0.29 2212.394689.05

33.90+2.34

69

Cesarean Section 40.58 (28/69) 33.80 (24/71)

Birth
Type

0.53

37.78+5.48

38.45+6.01

0.13

34.10+£5.99

35.45+5.57

Mom

Age, years

0.69
0.74

0.73+1.01

0.82+1.41

28.57

0.44
0.65

0.86+1.35 0.86+1.09

Parity

25.00 (10/40)

0.71

20.92.28+648.73

32.92+3.01 0.40 1942.68+702.17

31.27+£4.76

1.88+1.36

1.86+1.19

Prior preterm

birth
*Births from March-May of 2019 and 2020

(8/28)

“Numbers do not add up always due to missing variables

Table 4 Multivariable model of risk factors for preterm birth at ZSFG
and UCSF hospitals in 2020 versus 2019 (August-December)

Unadjusted  p-value Adjusted OR p-value
Odds Ratio 95%ClI
(OR), 95%CI
Variables
Infant Sex 0.94 0.58 0.97 (0.77-1.22)  0.79
(male versus  (0.75-1.17)
female)
Lockdown  0.74 <0.01 0.65(0.51-0.82)  <0.01
Period (yes  (0.59-0.92)
Versus no)
Hispanic 1.29 0.03 1.23 (0.88-1.73)  0.22
(yes versus  (1.03-1.63)
no)
Mom’s age  0.98 0.10 0.98 (0.95-1.00)  0.047
(years) (0.97-1.00)
ZSFG 0.73 0.02 0.44 (0.32-0.62)  <0.01
(hospital) (0.56-0.94)
Race
White 1.00 1.0
Black 0.99 0.95 1.09 (0.79-1.52)  0.60
(0.72-1.36)
Asian/ 1.86 <0.01 1.46(0.93-2.29) 0.10
Pacific (1.27-2.72)
Islander
Other 1.45 <0.01 1.37(0.97-1.93) 0.07
(1.13-1.88)
American  3.29 0.03 1.98 (0.60-6.47)  0.26
Indian/ (1.16-9.29)
Alaska
Native
History of 4.38(3.19- <0.01 3.75(2.61-5.40) <0.01
Previous 6.02)
Rreterm
Birth
Parity 1.24(1.14- <0.01 1.10 0.08
1.35) (0.99-1.23)0.79

that during the pandemic, there was a significant increase in
the birthweight of infants and reduction in very low birth-
weight (<1500 g) [20]. Another study in Ireland found a
reduction in low birthweight and extremely low birthweight
infants attributing the increase in infant birthweight to lower
exposure to air pollutants, decreased work-related stress,
and increased access to healthy nutrients in lockdown [21].
Alternatively, another earlier metanalysis did not find any
impact on birthweight or gestational age suggesting possi-
ble heterogeneity based on regional differences in response
[22]. 1t is possible that the benefits of the lockdown in the
San Francisco area (e.g. reduced stress or less exposure to
pollutants) may have outweighed any negative impacts (e.g.
less access to prenatal care or hospital services).

We also found some changes to the demographic profile
of preterm infants during the lockdown period versus prior
to the lockdown. Black preterm infants, in particular, tended
to have a shorter gestation and lower birthweight compared
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to prior to COVID-19 potentially related disparities or more
stress in this population group. Further analyses could pro-
vide an explanation for this finding and connect it to wid-
ening health disparities after the onset of the pandemic
including greater socioeconomic and racial and/or ethnic
disparities in preterm birth [23-25]. Future studies are
needed to better understand regional patterns in response
to COVID-19 lockdowns and any differential response by
race/ethnicity to lockdowns.

4.1 Limitations

This study involved only two San Francisco hospitals, and
as such had a small sample size and an even smaller sample
size (only one hospital) to evaluate the impact of the early
COVID-19 lockdown period. We also did not have data on
additional risk factors for preterm birth including maternal
mental health status, prenatal visit history or gestational
hypertension or diabetes mellitus. However, our study pro-
vides further impetus to better assess the heterogeneous
impact of the COVID-19 lockdown on health outcomes
including preterm birth and low birthweight due to impact
of different urban public health control measures during
COVID-19. Future studies need to better assess the differ-
ential impact of region and city-specific measures on health
changes during the COVID-19 period.

5 Conclusion

Results from our study suggest a possible association
between changes in lifestyle or maternal stress levels during
the COVID-19 lockdown that could impact preterm birth
levels. As we only found reductions in the later time period
of lockdowns (August-December of 2020) compared with
the earlier (March-May of 2020), it is possible that reduced
stress in this period versus the earlier period may have posi-
tively impacted gestational duration and risk for preterm
birth. As preterm birth may result in lifelong risk for addi-
tional morbidities and mortalities, effective interventions
are needed including a better understanding of the casual
pathways to preterm birth.

Author Contributions JW conceived of the article. AK and ZS con-
ducted analyses. All authors interpreted results. All authors wrote up
findings. All authors approved the final manuscript.

Funding This publication [or project] was supported by UCSF Aca-
demic Research Systems, and by the National Center for Advancing
Translational Sciences, National Institutes of Health, through UCSF-
CTSI Grant Number UL1 TR991872.

Data Availability Data can be made available on request to the cor-
responding author.

@ Springer

Declarations

Ethical Approval Study approval statement: The study received ex-
empt approval status from the UCSF Institutional Review Board (IRB)
as no specific personal health information was used.

Consent to Publish Consent to participate statement: There was no
written informed consent required as patients are not required to pro-
vide personal information. The study received exempt approval status
from the UCSF Institutional Review Board (IRB).

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Said CM, Batchelor F, Duque G. The impact of the COVID-19
pandemic on physical activity, function, and quality of life. Clin
Geriatr Med. 2022;38(3):519-31. https://doi.org/10.1016/j.cge
r.2022.04.003. Epub 2022 Apr 22. PMID: 35868670; PMCID:
PM(C9023337.

2. Raab R, Hoffmann J, Spies M, Geyer K, Meyer D, Giinther J,
Hauner H. Are pre- and early pregnancy lifestyle factors associ-
ated with the risk of preterm birth? A secondary cohort analysis
of the cluster-randomised Gelis trial. BMC Pregnancy Childbirth.
2022;22(1). https://doi.org/10.1186/s12884-022-04513-5.

3. Mainnisto T, Mendola P, Kiely M, O’Loughlin J, Werder E, Chen
Z, Ehrenthal DB, Grantz KL. Maternal psychiatric disorders and
risk of preterm birth. Ann Epidemiol. 2016;26(1):14-20. https:
//doi.org/10.1016/j.annepidem.2015.09.009. Epub 2015 Oct 23.
PMID: 26586549; PMCID: PMC4688227.

4. Rose MS, Pana G, Premji S. Prenatal maternal anxiety as a risk
factor for preterm birth and the effects of heterogeneity on this
relationship: A systematic review and Meta-Analysis. Biomed Res
Int. 2016;2016:8312158. https://doi.org/10.1155/2016/8312158.
Epub 2016 May 19. PMID: 27298829; PMCID: PMC4889802.

5. Loépez-Morales H, del Valle MV, Canet-Juric L, Andrés ML, Galli
JI, Pood F, Urquijo S. Mental health of pregnant women during
the COVID-19 pandemic: A longitudinal study. Psychiatry Res.
2021;295:113567. https://doi.org/10.1016/j.psychres.2020.11356
7.

6. Gemmill A, Casey JA, Catalano R, Karasek D, Margerison CE,
Bruckner T. Changes in preterm birth and caesarean deliveries
in the united States during the SARS-CoV-2 pandemic. Paedi-
atr Perinat Epidemiol. 2022;36(4):485-9. https://doi.org/10.11
11/ppe.12811. Epub 2021 Sep 13. PMID: 34515360; PMCID:
PMC8662112.

7. Handley SC, Mullin AM, Elovitz MA, Gerson KD, Mon-
toya-Williams D, Lorch SA, Burris HH. Changes in preterm
birth phenotypes and stillbirth at 2 Philadelphia hospitals


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.cger.2022.04.003
https://doi.org/10.1016/j.cger.2022.04.003
https://doi.org/10.1186/s12884-022-04513-5
https://doi.org/10.1016/j.annepidem.2015.09.009
https://doi.org/10.1016/j.annepidem.2015.09.009
https://doi.org/10.1155/2016/8312158
https://doi.org/10.1016/j.psychres.2020.113567
https://doi.org/10.1016/j.psychres.2020.113567
https://doi.org/10.1111/ppe.12811
https://doi.org/10.1111/ppe.12811

Journal of Epidemiology and Global Health

(2025) 15:72

Page9of9 72

10.

11.

12.

13.

14.

15.

16.

during the SARS-COV-2 pandemic, March-June 2020. JAMA.
2021;325(1):87. https://doi.org/10.1001/jama.2020.20991.
Richter F, Strasser AS, Suarez-Farinas M, Zhao S, Nadkarni GN,
Jabs EW, Guttmann K, Glicksberg BS. (2020). Neonatal Out-
comes during the COVID-19 Pandemic in New York City. https://
doi.org/10.1101/2020.12.20.20248583

Main EK, Chang S-C, Carpenter AM, Wise PH, Stevenson DK,
Shaw GM, Gould JB. Singleton preterm birth rates for Racial and
ethnic groups during the coronavirus disease 2019 pandemic in
California. Am J Obstet Gynecol. 2021;224(2):239—41. https://do
i.org/10.1016/j.aj0og.2020.10.033.

Ravani S. (2020). Bay Area coronavirus decision: Behind the
scenes of Nations first... San Francisco Chronicle. https://www
.sfchronicle.com/bayarea/article/Bay-Area-coronavirus-decisio
n-Behind-the-scenes-15148425.php

Pervin J, Rahman SM, Rahman M, Aktar S, Rahman A. Associa-
tion between antenatal care visit and preterm birth: a cohort study
in rural Bangladesh. BMJ Open. 2020;10(7):e036699. https://doi
.org/10.1136/bmjopen-2019-036699. PMID: 32709651; PMCID:
PMC7380851.

Debiec KE, Paul KJ, Mitchell CM, Hitti JE. Inadequate prenatal
care and risk of preterm delivery among adolescents: a retrospec-
tive study over 10 years. Am J Obstet Gynecol. 2010;203(2):122.
el-6. doi: 10.1016/j.2j0g.2010.03.001. Epub 2010 May 14.
PMID: 20471628.

McLemore MR, Berkowitz RL, Oltman SP, Baer RJ, Franck L,
Fuchs J, Karasek DA, Kuppermann M, McKenzie-Sampson S,
Melbourne D, Taylor B, Williams S, Rand L, Chambers BD, Scott
K, Jelliffe-Pawlowski LL. Risk and protective factors for preterm
birth among black women in Oakland, California. J Racial Ethn
Health Disparities. 2021;8(5):1273-80. Epub 2020 Oct 9. PMID:
33034878; PMCID: PMC8079235.

Meaney S, Leitao S, Olander EK, Pope J, Matvienko-Sikar K.
The impact of COVID-19 on pregnant womens’ experiences and
perceptions of antenatal maternity care, social support, and stress-
reduction strategies. Women Birth. 2022;35(3):307-16. https://d
oi.org/10.1016/j.wombi.2021.04.013. Epub 2021 May 6. PMID:
33994134; PMCID: PMC9051126.

Eliason EL, Steenland MW, Daw JR. Perinatal care changes dur-
ing COVID-19: A Population-Based analysis by race/ethnicity.
Am J Prev Med. 2023;64(3):433-7. https://doi.org/10.1016/j.am
epre.2022.09.027. Epub 2022 Nov 7. PMID: 36435698; PMCID:
PMC9637533.

Arzamani N, Soraya S, Hadi F, Nooraeen S, Saeidi M. The
COVID-19 pandemic and mental health in pregnant women: A
review Article. Front Psychiatry. 2022;13:949239. https://doi
.org/10.3389/fpsyt.2022.949239. PMID: 36203829; PMCID:
PMC9531726.

17.

18.

20.

21.

22.

23.

24.

25.

Farr C. (2000). How San Francisco succeeded more than other
US cities in fighting the coronavirus. CNBC. https://www.cnbc.c
om/2020/08/08/how-san-francisco-beat-other-us-cities-in-fightin
g-the-coronavirus.html

Jaswaney R, Davis A, Cadigan RJ, Waltz M, Brassfield ER,
Forcier B, Joyner BL Jr. Hospital Policies During COVID-19:
An Analysis of Visitor Restrictions. J Public Health Manag Pract.
2022 Jan-Feb 01;28(1):E299-E306. https://doi.org/10.1097/PHH.
0000000000001320. PMID: 33729198.

. Wikipedia. COVID-19 Pandemic in the Bay Area. https://en.wiki

pedia.org/wiki/COVID-19 pandemic in the San Francisco Ba
y_Area

Yao XD, Li Y, Jiang H, Ma J, Wen J. COVID-19 pandemic and
neonatal birth weight: a systematic review and meta-analysis.
Public Health. 2023;220:10-7. https://doi.org/10.1016/j.puhe
.2023.04.009. Epub 2023 Apr 21. PMID: 37201437, PMCID:
PMC10121139.

Philip RK, Purtill H, Reidy E, Daly M, Imcha M, McGrath D,
O’Connell NH, Dunne CP. Unprecedented reduction in births of
very low birthweight (VLBW) and extremely low birthweight
(ELBW) infants during the COVID-19 lockdown in Ireland: a
‘natural experiment’ allowing analysis of data from the prior
two decades. BMJ Glob Health. 2020;5(9):e003075. https://doi
.org/10.1136/bmjgh-2020-003075. PMID: 32999054; PMCID:
PMC7528371.

Vaccaro C, Mahmoud F, Aboulatta L, et al. The impact of
COVID-19 first wave National lockdowns on perinatal outcomes:
a rapid review and meta-analysis. BMC Pregnancy Childbirth.
2021;21:676. https://doi.org/10.1186/s12884-021-04156-y.
Simpson KR. Effect of the COVID-19 Pandemic on Maternal
Health in the United States. MCN, Am J, Matern Child Nurs.
2023 Mar-Apr 01;48(2):61. https://doi.org/10.1097/NMC.00000
00000000895. PMID: 36823723; PMCID: PMC9951405.
Aboulatta L, Kowalec K, Leong C, Delaney JA, Falk J, Alessi-
Severini S, Chateau D, Tan Q, Kearns K, Raimondi C, Vaccaro
C, Lavu A, Haidar L, Peymani P, Eltonsy S. Preterm birth and
stillbirth rates associated with socioeconomic disparities during
COVID-19 pandemic: a population-based cross-sectional study.
BMJ Paediatr Open. 2023;7(1):e001686. https://doi.org/10.1136
/bmjpo-2022-001686. PMID: 36806202; PMCID: PMC9943698.
Cate JJM, Craig AM, Hughes BL, Dotters-Katz SK, Wheeler SM.
Preterm birth rates and Racial disparities during the COVID-19
pandemic at a single institution in the southeastern united States.
Am J Perinatol. 2024;41:01. https://doi.org/10.1055/a-2008-822
9. Epub 2023 Jan 6. PMID: 36608703.

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

@ Springer


https://www.cnbc.com/2020/08/08/how-san-francisco-beat-other-us-cities-in-fighting-the-coronavirus.html
https://www.cnbc.com/2020/08/08/how-san-francisco-beat-other-us-cities-in-fighting-the-coronavirus.html
https://www.cnbc.com/2020/08/08/how-san-francisco-beat-other-us-cities-in-fighting-the-coronavirus.html
https://doi.org/10.1097/PHH.0000000000001320
https://doi.org/10.1097/PHH.0000000000001320
https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_San_Francisco_Bay_Area
https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_San_Francisco_Bay_Area
https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_San_Francisco_Bay_Area
https://doi.org/10.1016/j.puhe.2023.04.009
https://doi.org/10.1016/j.puhe.2023.04.009
https://doi.org/10.1136/bmjgh-2020-003075
https://doi.org/10.1136/bmjgh-2020-003075
https://doi.org/10.1186/s12884-021-04156-y
https://doi.org/10.1097/NMC.0000000000000895
https://doi.org/10.1097/NMC.0000000000000895
https://doi.org/10.1136/bmjpo-2022-001686
https://doi.org/10.1136/bmjpo-2022-001686
https://doi.org/10.1055/a-2008-8229
https://doi.org/10.1055/a-2008-8229
https://doi.org/10.1001/jama.2020.20991
https://doi.org/10.1101/2020.12.20.20248583
https://doi.org/10.1101/2020.12.20.20248583
https://doi.org/10.1016/j.ajog.2020.10.033
https://doi.org/10.1016/j.ajog.2020.10.033
https://www.sfchronicle.com/bayarea/article/Bay-Area-coronavirus-decision-Behind-the-scenes-15148425.php
https://www.sfchronicle.com/bayarea/article/Bay-Area-coronavirus-decision-Behind-the-scenes-15148425.php
https://www.sfchronicle.com/bayarea/article/Bay-Area-coronavirus-decision-Behind-the-scenes-15148425.php
https://doi.org/10.1136/bmjopen-2019-036699
https://doi.org/10.1136/bmjopen-2019-036699
https://doi.org/10.1016/j.wombi.2021.04.013
https://doi.org/10.1016/j.wombi.2021.04.013
https://doi.org/10.1016/j.amepre.2022.09.027
https://doi.org/10.1016/j.amepre.2022.09.027
https://doi.org/10.3389/fpsyt.2022.949239
https://doi.org/10.3389/fpsyt.2022.949239

	﻿﻿Changes in Preterm and Low Birthweight Birth Rate During the COVID-19 Lockdown at Two San Francisco Hospitals﻿
	﻿Abstract
	﻿1﻿ ﻿Background
	﻿2﻿ ﻿Methods
	﻿2.1﻿ ﻿Variables
	﻿2.1.1﻿ ﻿Study Population and Outcome
	﻿2.1.2﻿ ﻿Study Data Collection
	﻿2.1.3﻿ ﻿Exposures
	﻿2.1.4﻿ ﻿Covariates
	﻿2.1.5﻿ ﻿Study Design and Statistics


	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Gestational Age, Preterm Birth, Birthweight and Low Birthweight by Birth Year (2019 Versus 2020)
	﻿3.2﻿ ﻿Maternal and Infant Characteristics in Relation To Preterm Birth, Gestational Age, Low Birthweight and Birthweight by Birth Year (2019 Versus 2020)

	﻿4﻿ ﻿Discussion
	﻿4.1﻿ ﻿Limitations

	﻿5﻿ ﻿Conclusion
	﻿References


