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A B S T R A C T

Background: Increased weight gain and decreased physical activity have been reported in some populations since the coronavirus disease 2019
(COVID-19) pandemic, but this has not been well characterized in pregnant populations.
Objectives: Our objective was to characterize the impact of the COVID-19 pandemic and associated countermeasures on pregnancy weight gain and
infant birthweight in a US cohort.
Methods: Washington State pregnancies and births (1 January, 2016 to 28 December, 2020) from a multihospital quality improvement organization were
examined for pregnancy weight gain, pregnancy weight gain z-score adjusted for pregestational BMI and gestational age, and infant birthweight z-score,
using an interrupted time series design that controls for underlying time trends. We used mixed-effect linear regression models, controlled for seasonality
and clustered at the hospital level, to model the weekly time trends and changes on 23 March, 2020, the onset of local COVID-19 countermeasures.
Results: Our analysis included 77,411 pregnant people and 104,936 infants with complete outcome data. The mean pregnancy weight gain was 12.1 kg
(z-score: �0.14) during the prepandemic time period (March to December 2019) and increased to 12.4 kg (z-score: �0.09) after the onset of the pandemic
(March to December 2020). Our time series analysis found that after the pandemic onset, the mean weight gain increased by 0.49 kg (95% CI: 0.25, 0.73
kg) and weight gain z-score increased by 0.080 (95% CI: 0.03, 0.13), with no changes in the baseline yearly trend. Infant birthweight z-scores were
unchanged (�0.004; 95% CI: �0.04, 0.03). Overall, the results were unchanged in analyses stratified by pregestational BMI categories.
Conclusions:We observed a modest increase in weight gain after the onset of the pandemic among pregnant people but no changes in infant birthweights.
This weight change could be more important in high BMI subgroups.
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Introduction

In response to the coronavirus disease 2019 (COVID-19) pandemic,
leaders introduced sweeping changes to health systems and service
delivery, policies restricting individuals’ travel outside the home, and
closures of schools and workplaces [1]. These have been associated
with changes in exercise and nutrition, weight gain and weight loss
[2–5], and worsening mental health [6, 7], compared with the pre-
pandemic time period. However, the effects of the pandemic have not
been uniform, with disproportionate impacts being felt by those living
Abbreviations: COVID-19, coronavirus disease 2019; DCI, Distressed Communities Ind
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in poverty, those with existing chronic health conditions, and racialized
groups [8].

The COVID-19 pandemic has disrupted lifestyles and increased
stress in pregnant women and birthing people [6]. Antenatal stress may
alter weight gain in pregnancy [9–11]; furthermore, pandemic-related
stress could have unique impacts [12] on weight change trajectories
during pregnancy [13]. Along with increased stress and disrupted
lifestyles, health care delivery in the United States has changed, with
increased reliance on telehealth and longer spacing between prenatal
care visits [14]. These may have decreased the access to nutritional
counseling and serial weight assessments during prenatal care. At the
ex.
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same time, food insecurity increased in the United States after the onset
of the pandemic [15], and families may have had to increase their
reliance on shelf-stable processed foods [16, 17]. This may be partic-
ularly important for families living in poverty as both food insecurity
and increased use of processed foods have been linked to higher rates
of obesity [18].

Weight gain during pregnancy is used as an indicator of nutritional
health. Excess pregnancy weight gain is associated with a higher risk of
large birthweight infants [19, 20] and pregnancy-related diseases (e.g.,
hypertensive disorders of pregnancy and gestational diabetes) [21, 22]
and is a strong determinant of longer-term obesity [23]. We hypothe-
sized that the pandemic-associated countermeasures and stresses,
which have impacted weight status among nonpregnant people [2–5],
may have altered pregnancy weight gain and infant birthweights
compared with the prepandemic times. Increases in maternal obesity or
infant birthweights could have long-term health consequences by
impacting the rates of postpregnancy obesity, childhood obesity, and
chronic diseases such as diabetes. Therefore, we studied births from a
multihospital initiative in Washington State, where some of the earliest
United States cases of COVID-19 were detected. We aimed to assess
the combined impact of the COVID-19 pandemic, pandemic-related
policies, and health system disruptions on changes in weight during
pregnancy and on infant birthweight.
Methods

Subjects
We used data from a perinatal quality improvement initiative—the

Obstetrical Care Outcomes Assessment Program—from 1 January,
2016 to 31 December, 2020, representing approximately one-third of
the births in Washington State. The database was populated through
both electronic health records and chart abstraction with real-time
quality checks and validation [24]. This study was reviewed by the
University of British Columbia Harmonized ethics review board and
approved as a minimal-risk study (#H20-00741).

We restricted to singleton pregnancies with births that occurred at or
beyond 24 weeks of gestation. We excluded records with missing or
implausible weight measurements (<30 kg or >350 kg), with no early
or prepregnancy weight measurement (<14þ0 wk), with a last
measured weight taken >28 d from delivery, and with missing or
implausible gestational weight gain z-score (>6 SD or less than �6
SD) using the z-score reference of Santos et al. [25]. We excluded
infants with missing birthweight or sex, implausible infant birthweight
according to the criteria from the study by Alexander et al. [26] and
z-scores [using the z-score chart from the study by Aris et al. [27]] as
per the approach of Basso and Wilcox [28] (<5 SD or more than �5
SD for term births, >4 SD or less than �3 SD for preterm births).
Study context
The first confirmed case of COVID-19 in the United States was in

Washington State on January 21, 2020. By 12 March, 2020, social
gatherings were banned and all educational institutions were closed,
and on 23 March, 2020, the state governor issued a 2-wk “stay-at-
home” order. Most broad restrictions on public life remained until early
June 2020, followed by a temporary loosening of some restrictions
until September 2020, when there was a resurgence of COVID-19
cases. Schools were closed for in-person learning throughout 2020.
Hospital-level and health care provider–level infection control coun-
termeasures were based on guidelines from national professional
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associations [29]. COVID-19 public health and policy actions in
Washington State were quantified using publicly available data from
the Oxford COVID-19 Government Response Tracker [1] to identify 3
time periods of interest: 1) a prepandemic period (1 January, 2016, to
23 February, 2020), 2) a transition period where new policies were
rapidly implemented (24 February, 2020, to 23 March, 2020), and 3) a
steady state period where a few pandemic measures were relaxed but
most policies were maintained consistently across the state (24 March,
2020, to 28 December, 2020) (Supplemental Figure 1).

Measurements

Pregnancy weight gain, z-scores, and infant birthweight z-scores
We examined pregnancy weight gain using 2 different measures: 1)

total pregnancy weight gain in kilograms, defined as the difference
between the last weight before delivery (within 28 days of delivery)
and pre or early-pregnancy weight (<14þ0 wk) and 2) pregnancy
weight gain z-scores, which were standardized for pregestational BMI
and gestational age using a weight gain for gestational age chart [25,
30] that was derived from >200,000 pregnant women from 33 cohorts
in Europe, North America, and Oceania. The pre- or early-pregnancy
weights were based on a self-reported prepregnancy weight or the
measured weight at the first prenatal visit. The last pregnancy weight
before delivery was recorded at the time of admission in labor. We
calculated the pregestational BMI using the pre- or early-pregnancy
weight and height (cm) [31]. We calculated infant birthweight
z-scores, standardized for a gestational week at birth and infant sex,
using the US natality-based reference charts by Aris et al. [27, 32].

Demographic and obstetric characteristics
We obtained chart-abstracted data for self-reported race/ethnicity

(non-Hispanic White, non-Hispanic Black, Hispanic/Latinx, Asian or
Pacific Islander, Native, other, or mixed race), maternal age at delivery
(y), parity (nulliparous [no prior term delivery] or multiparous), pre-
gestational BMI, height, gestational age at delivery (wk, based on
obstetric estimated due date), hospital site of delivery, insurance payor
type (Medicaid vs. others), rural–urban commuting areas [33]
collapsed to 2-levels (rural vs. nonrural) [34], and the Distressed
Communities Index [35] (DCI) quintiles (prosperous, comfortable,
mid-tier, at risk, and distressed) from the data registry. The DCI
quintiles combine 7 socioeconomic indicators into a measure of eco-
nomic well-being in each zip code relative to its peers [35]. The pre-
gestational BMI (kg/m2) was categorized as underweight or normal
(<24.9); overweight (25–29.9); and grade 1 (30–34.9), grade 2
(35–39.9), or grade 3 (�40) obesity.

Statistical analyses
We used an interrupted time series design [36, 37] to assess

pandemic-associated changes in the outcomes while controlling for
underlying trends by week of study time. Interrupted time series is one
of the strongest quasi-experimental designs to evaluate the effects of a
policy, an intervention, or a widespread system’s impact. In this anal-
ysis, a time series establishes the underlying trend, and 2 line segments
are fitted simultaneously, separated by the onset of the COVID-19
pandemic. The hypothetical scenario if the impact had not occurred
is referred to as the “counterfactual.”

The time period of our study was 1 January, 2016, to 28 December,
2020 (261 complete weeks). We chose the COVID-19 pandemic onset
as beginning on 23 March, 2020, which we identified as the start of a
“steady state” of pandemic-related policies and restrictions in
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Washington State. Births in a 4-wk period [37] from 24 February, 2020
to 22 March, 2020, were excluded for 2 reasons. First, we hypothesized
that an effect of the pandemic on either weight gain or infant birth-
weight would not occur immediately and that �2 wk of
pandemic-associated policies would be needed to observe meaningful
and detectable weight gain. Second, there were rapid changes in the
COVID-19 response policies during this time segment. Excluding
births in this 4-wk period meant that for pregnant people who delivered
after 23 March 2020, the total weight gain would include�2 wks of the
pandemic. We hypothesized that the pandemic could cause both a
change in level and in the time trend [37] in our outcomes because the
impact of the pandemic on weight at the population level could be
immediate if diet or activity changed immediately, or could be delayed
if there was a more gradual overall change in behavior.

Potential confounders were identified using a directed acyclic
graph and from prior studies [38–40]. Pregnancy weight gain was
adjusted a priori for gestational age at delivery because gestational
duration directly impacts an individual’s opportunity to gain weight
[41]. Neither weight gain z-scores nor infant z-score models were
adjusted for gestational age because z-scores were gestational age
specific. We considered Medicaid insurance payor, rural residence,
distressed community indices, race/ethnicity, age, parity, antenatal
health care professional type (midwife vs. family practice vs.
obstetrician), and pregestational BMI as potential confounders and
plotted time series of all potential confounders. If we noted discon-
tinuities at the pandemic onset and if there was no plausible asso-
ciation between that factor and the pandemic, this justified inclusion
in the model.

We also adjusted for seasonal trends [42, 43] for both pregnancy
weight gain and infant birthweight [40, 44]. Seasonality can be an
important confounder in perinatal outcomes, as it may impact both
birth rates and exposure-outcome relationships [45]. We used week
of conception [45] rather than week of delivery to estimate the
impact of season. We also plotted the mean data by the month of
conception and superimposed by year. Adjustment for seasonal
trends used a single sine term, as this provided the best model fit
based on the lowest Akaike’s Information Criterion compared with
other approaches (multiple sine-cosine pairs and month indicator
variables).

We included, a priori, random effect terms for hospital intercept,
slope, and residuals to allow for hospital-level variation in baseline
outcomes and over time. To account for sampling uncertainty and
repeated measures within the sample study population, parametric
bootstrapping techniques were used to calculate CIs. All models were
analyzed as generalized linear regression mixed-effect models in R
(version 4.0.5) [46]. The final model specification is included in the
Supplemental Methods.
Sensitivity analyses
We hypothesized that the pandemic might differentially impact

those who were at the higher end of the population distribution of
pregnancy weight gain. To assess this, we examined the 90th
percentile of all outcomes in quantile regression models [47] using
similar interrupted time series models. We also repeated the analyses
stratified by pregestational BMI categories. Lastly, we examined the
effect of increased duration of exposure to the pandemic by
excluding 9 wk of births, from 23 February 2020 to 27 April, 2020,
and 15 wk of births, from 23, February 2020 to 8 June, 2020,
thereby including pregnancies with longer exposure to
pandemic-associated countermeasures.
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Results

Study population
There were 107,062 singleton pregnancies and infants (>24 wk

gestational age) during the study period (Figure 1). Overall, 23,277
(21.7%) pregnancies were missing weight gain data because their
weight data were collected after 14 wk of pregnancy and/or >28
d before delivery, and 5214 (6.2%) pregnancies were excluded because
of missing or implausible weight data. Only 515 (0.5%) infants were
excluded because of missing or implausible birthweight data. The final
sample included 77,411 pregnancies and 104,936 infants. The
excluded cases were not biased by the pandemic time period (Sup-
plemental Table 1).

Population characteristics
The demographic characteristics of the pregnancy and infant co-

horts showed minor differences between the time periods. Specifically,
the pandemic period included a greater proportion of nulliparas, in-
dividuals beginning pregnancy with obesity, and individuals with older
age at delivery. The time series graphs for demographic or obstetric
covariates revealed that any apparent differences were because of
gradual trends over time rather than abrupt changes at the pandemic
onset; thus, no additional covariates were included in the regression
models (Tables 1 and 2).

Pregnancy weight gain and infant birthweight:
prepandemic compared with postpandemic

We compared the 40-wk postpandemic data (23 March, 2020, to 28
December, 2020) to the same period in 2019. FromMarch to December
2019, the mean pregnancy weight gain was 12.13 kg (95% CI: 12.02,
12.24 kg) and the z-score was �0.14 (95% CI: �0.16, �0.12),
compared with the mean pregnancy weight gain of 12.39 kg (95% CI:
12.28, 12.51 kg) and z-score of �0.092 (95% CI: �0.11, �0.07) in the
postpandemic period (March to December 2020). The mean infant
birthweight z-scores were unchanged (0.075; 95% CI: 0.063, 0.086)
compared with the postpandemic period (0.068; 95% CI: 0.044, 0.091).
Interrupted time series (Figure 2, Supplemental Table 2) models
showed decreasing yearly trend before the pandemic in both pregnancy
weight gain (�0.12 kg/y; 95% CI: �0.21, �0.03 kg/y) and z-score
(�0.016/y, 95% CI: �0.03, 0.00)/y), which represents ~2% of the
study population in 2019 having lower pregnancy weight gain than in
2016.

Despite this yearly decrease in pregnancy weight gain, infant
birthweight z-scores were stable (0.001/y; 95% CI: �0.01, 0.01/y).
Our models estimated that at the onset of the COVID-19 pandemic,
the mean pregnancy weight gain increased (þ0.49 kg; 95% CI: 0.25,
0.73 kg) and the pregnancy weight gain z-scores increased (þ0.08;
95% CI: 0.03, 0.13); however, infant z-scores (�0.004; 95% CI:
�0.04, 0.03) were unchanged. We found no statistically significant
change in the yearly time trends in infant z-scores after the pandemic
onset.

Seasonal effects
Seasonal plots (Figure 3) revealed higher pregnancy weight gain

and pregnancy weight gain z-scores for pregnancies conceived in the
late spring (May–June) than for those conceived in the late fall
(November–December). The models estimated a seasonal trend where
the difference from the maximum weight gain (births in the last week of
February) to the minimum (births in the first week of September) was



Figure 1. Flow of study population and exclusions for a Washington State study of gestational weight gain, infant birthweight, and the coronavirus disease 2019
pandemic (1 January, 2016 to 28 December, 2020; final sample ¼ 77,411 pregnancies and 104,936 infants). (Excluded data in light gray text). GA, gesta-
tional age.
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0.32 kg (95% CI: 0.26, 0.38 kg) for weight gain, 0.066 (95% CI: 0.055,
0.078) for weight gain z-score (~3 percentiles change), and nonsig-
nificant (�0.002; 95% CI: �0.010, 0.007) for infant z-score.

Pregnancy weight gain at the 90th percentile of
distribution

Examining the upper end of the weight gain distribution (90th
percentile) identified an almost 3-fold increase in both pregnancy
weight gain (1.20 kg; 95% CI: 0.75, 1.65 kg) and pregnancy weight
367
gain z-scores (0.20; 95% CI: 0.12, 0.28) only, after the pandemic onset,
compared with the population average models (Table 3).

Results stratified by pregestational BMI
Stratified results for pregnancy weight gain by pregestational BMI

(<25: þ0.42 kg; 25 to <30: þ0.43; 30þ: þ0.49) were generally un-
changed from the main results (þ0.49 kg; 95% CI: 0.25, 0.73),
although not statistically significant in the higher BMI categories,
potentially because of the small sample size (Supplemental



Table 1
Pregnancy cohort demographic characteristics and outcomes by prepandemic
(1 January, 2016 to 23 February, 2020) and pandemic (23 March, 2020 to 28
December, 2020) time periods for a Washington State cohort (N ¼ 77,411
pregnancies)

Demographics and outcomes Prepandemic
1 January, 2016
to 23 February,
2020
N ¼ 65,214
mean � SD or
n (%)

Pandemic
23 March,
2020 to 28
December,
2020
N ¼ 12,197
mean � SD
or n (%)

Nulliparous 26,631 (40.8) 5256 (43.1)
Race and ethnicity of birthing women/person
Non-Hispanic White 34,515 (52.9) 5967 (48.9)
Non-Hispanic Black 2670 (4.1) 512 (4.2)
Hispanic or Latinx 10,713 (16.4) 2046 (16.8)
Asian or Pacific Islander 13,060 (20.0) 2548 (20.9)
American Indian or Native Alaskan 696 (1.1) 103 (0.8)
Other or mixed race 1963 (3.0) 372 (3.0)
Missing 1597 (2.4) 649 (5.3)

Rural zip code 5310 (8.1) 920 (7.5)
Missing rural indicator 1649 (2.5) 351 (2.9)

Medicaid insurance 19,537 (30.0) 3351 (27.5)
Missing insurance 2313 (3.5) 66 (0.5)

Distressed Communities Index
Prosperous 29,543 (45.3) 5576 (45.7)
Comfortable 16,137 (24.7) 3040 (24.9)
Mid-tier 5931 (9.1) 1155 (9.5)
At risk 10,097 (15.5) 1765 (14.5)
Distressed 2839 (4.4) 534 (4.4)
Missing 667 (1.0) 127 (1.0)

Age of birthing person (y) 30.4 � 5.4 30.8 � 5.4
Pregestational BMI (kg/m2) 27.1 � 6.6 27.4 � 6.7
Pregestational BMI (kg/m2) categories
Underweight or normal weight (<24.9) 30,128 (46.2) 5454 (44.7)
Overweight (25.0–29.9) 17,794 (27.3) 3288 (27.0)
Obese class I (30.0–34.9) 9362 (14.4) 1809 (14.8)
Obese class II (35.0–39.9) 4595 (7.0) 935 (7.7)
Obese class III (�40.0) 3335 (5.1) 711 (5.8)

Height of birthing person (cm) 163.1 � 7.2 163.0 � 7.1
Total pregnancy weight gain (kg) 12.3 � 6.1 12.4 � 6.5
Subgroup: pregestational BMI <24.9 13.8 � 5.0 14.0 � 5.2
Subgroup: pregestational BMI 25 to
<30

12.6 � 5.9 12.8 � 6.3

Subgroup: pregestational BMI 30þ 9.3 � 6.9 9.4 � 7.3
Total pregnancy weight gain z-score �0.1 � 1.1 �0.1 � 1.2
Gestational age at delivery (wk) 38.8 � 1.7 38.7 � 1.7
Infant birthweight (g) 3367.5 � 538.3 3354.0 � 533.4

Table 2
Infant cohort demographic characteristics and outcomes by prepandemic (1
January, 2016 to 23 February, 2020) and pandemic (23 March, 2020 to 28
December, 2020) time periods for a Washington State cohort (N ¼ 104,936
infants)

Demographics and outcomes Prepandemic
1 January, 2016 to
February 23, 2020
N ¼ 88,904 mean
� SD or n (%)

Pandemic
23 March, 2020,
to 28 December,
2020
N ¼ 16,032
mean � SD or n
(%)

Nulliparous pregnancy 35,722 (40.2) 6798 (42.4)
Race or ethnicity of birthing person/woman
Non-Hispanic White 46,023 (51.8) 7571 (47.2)
Non-Hispanic Black 4310 (4.8) 754 (4.7)
Hispanic or Latinx 15,024 (16.9) 2702 (16.9)
Asian or Pacific Islander 17,017 (19.1) 3058 (19.1)
American Indian or Native Alaskan 1241 (1.4) 197 (1.2)
Other or mixed race 3113 (3.5) 547 (3.4)
Missing 2176 (2.4) 1203 (7.5)

Rural zip code 7306 (8.2) 1285 (8.0)
Missing rural indicator 2460 (2.8) 480 (3.0)

Medicaid insurance 30,921 (34.8) 5169 (32.2)
Missing insurance 2464 (2.8) 89 (0.6)

Distressed Communities Index
Prosperous 37,144 (41.8) 6677 (41.6)
Comfortable 22,308 (25.1) 4106 (25.6)
Mid-tier 8981 (10.1) 1729 (10.8)
At risk 14,906 (16.8) 2548 (15.9)
Distressed 4415 (5.0) 767 (4.8)
Missing 1150 (1.3) 205 (1.3)

Age of birthing person (y) 30.2 � 5.6 30.5 � 5.6
Gestational age at delivery (wk) 38.7 � 1.9 38.6 � 1.8
Infant birthweight (g) 3342.2 � 563.9 3332.0 � 556.4
Infant birthweight z-score 0.1 � 1.1 0.1 � 1.0
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Figures 2–4, Supplemental Table 3). The results for z-scores and infant
birthweight were also unchanged from the primary models. Stratified
quantile regression results for the 90th percentiles of weight gain were
also consistent across pregestational BMI categories (Supplemental
Table 3). The mean weight gain decreased by pregestational BMI
categories (postpandemic: 14.0 kg for <25 BMI and 9.4 kg for 30þ
BMI) (Supplemental Table 4).
Increased duration of exposure to the pandemic
The overall results for all 3 outcomes were similar when excluding

9 or 15 weeks of births, although point estimates for the level change
effect for weight gain and weight gain z-score moved away from the
null (Supplemental Table 5). Additional sensitivity analyses (Supple-
mental Figures 5–9, Supplemental Results) did not alter the overall
findings.
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Discussion

Using rigorous analytic methods that control for underlying time
trends, we found a modest (0.5 kg) increase in pregnancy weight gain
and in pregnancy z-scores after the onset of the COVID-19 pandemic in
a cohort of deliveries in Washington State. Pandemic-associated
changes in pregnancy weight gain were more pronounced in people
above the 90th percentile of weight gain. Despite pandemic-associated
changes in pregnancy weight gain in this study group, and in sub-
groups, we found no pandemic-associated changes in infant birth-
weight z-scores at the population level. The results were consistent
across the pregestational BMI categories.

The COVID-19 pandemic and changes in health services, policies,
and governmental countermeasures have been linked to increases in
stillbirth, maternal deaths, and maternal depression and a decrease in
preterm births among high-income countries only [6]. Weight increases
after the pandemic have been reported for nonpregnant study groups
(adults and children) [4, 48]; however, research on this topic has
focused on qualitative measures [49], short postpandemic time periods
[23, 50], and “lockdowns” [49] and used “pre–post” designs [51].
Some countries reported fewer low birthweight infants after lockdown
[52], but these results have not been confirmed in pooled meta-analyses
[6, 53, 54]. Notably, 1 meta-analysis reported increased infant birth-
weights (mean: 17 g) after the pandemic [53].

Although our study found a statistically significant change, the
magnitude of the mean increase in pregnancy weight gain (total of 0.5



Figure 3. Average pregnancy weight gain, z-score, and infant birthweight z-score by month of conception across study years for a Washington State cohort (1
January, 2016 to 28 December, 2020) (N ¼ 77,411 pregnancies; N ¼ 104,936 infants).

Figure 2. Interrupted time series graphs for pregnancy weight gain, z-score, and infant birthweight z-score showing predicted trends and the coronavirus disease
2019 (COVID-19) pandemic onset (23 March, 2020) in a Washington State cohort (1 January, 2016 to 28 December, 2020) (N ¼ 77,411 pregnancies; N ¼
104,936 infants). Points (þ) represent the mean outcome by study week; modeled (predicted) trend is a solid line; the counterfactual is a dashed line; the
seasonal modeled effect is a solid thin line; 95% CI for modeled trends in light gray shading. Plotted trendlines are drawn based on models unadjusted by
random effects.
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Table 3
Quantile regression results for 90th percentiles using an interrupted time series
analyses of the effect of the coronavirus disease 2019 pandemic onset in a
Washington State cohort (1 January 1, 2016 to 28 December, 2020)

Model terms Quantile regression
(90th percentile)
estimate; 95% CI

Pregnancy weight gain (kg) (N ¼ 77, 411)
Level change 1.20; 0.75, 1.65
Trend change �0.72; �1.72, 0.27

Pregnancy weight gain z-score (N ¼ 77,411)
Level change 0.20; 0.12, 0.28
Trend change �0.11; �0.28, 0.06

Infant birthweight z-score (N ¼ 104,936)
Level change �0.04; �0.10, 0.02
Trend change 0.07; �0.06, 0.20
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kg or 1.1 lb per pregnancy) was relatively small. Our findings are of
interest for several reasons. First, this modest increase in pregnancy
weight gain could be part of the causal pathway for pandemic-
associated decreases in low birthweight infants [6, 53] noted in other
settings. Despite no apparent shift in mean infant birthweight z-scores
in our cohort, it is possible that a modest increase in pregnancy weight
gain contributed to decreases in low birthweight seen elsewhere. Sec-
ond, increased pregnancy weight gain could alter the trajectory of
weight gain throughout pregnancy. For example, a higher trajectory of
first trimester pregnancy weight gain has been associated with an
increased risk of gestational diabetes [55]. Third, this modest change in
weight gain impacts the entire population [56], which could shift a
relatively large number of people toward “excess” weight gain and,
thus, increase the rates of chronic diseases such as hypertension and
diabetes [57]. For example, we noted a stronger pandemic impact (1.2
kg) for those who were already gaining “excess” pregnancy weight,
which may further impact chronic health risks. Importantly, the
magnitude of both pandemic-associated mean pregnancy weight gain
(0.5 kg) and 90th percentile of weight gain (1.2 kg) was similar across
all pregestational BMI categories. Therefore, pandemic-associated ef-
fects on weight gain may be most important for people with higher
pregestational BMI, for whom a lower overall weight gain is recom-
mended (5–9 kg) [23]. Nevertheless, our findings are also generally
reassuring and suggest that the pandemic did not have a major impact
on weight gain in pregnancy and/or that any effect was counteracted by
decreases in commuting or other lifestyle changes [58].

We also found a seasonal effect in pregnancy weight gain, with 0.3
kg higher mean weight gain for pregnancies conceived in late winter
than those conceived in early summer. This seasonal effect highlights
the importance of controlling for seasonality in weight gain research
[45]; otherwise, exposure-outcome or exposure-gestational age [59]
relationships could be confounded by season—an issue that is critical
when examining time-varying exposures, as in this study. Although
seasonal trends in weight gain [44, 60] and infant birthweight [60] have
most often been reported in countries where nutritional intake is
correlated with the growing season, seasonal patterns also occurred in
the United States [40, 60]. In our study, seasonal weight gain could be
caused by changes in physical activity because of environmental fac-
tors; the fall–winter months in the Pacific Northwest are generally rainy
and colder than summer months with moderate outdoor temperatures.

Our analysis did not identify any changes in infant birthweight z-
scores, from either the pandemic or seasonality. It is possible that time-
varying or neighborhood-level exposures (e.g., air pollution) attenuated
370
the impact of weight gain on infant birthweight in our cohort [61, 62]
or, more likely, that the small magnitudes of weight gain that we
observed were not sufficient to meaningfully impact infant
birthweights.

The strengths of this study include an interrupted time series anal-
ysis that controls for underlying time trends, adjustment for seasonality
[45], a large sample size, and a longer postpandemic time period than
many prior analyses. However, this study also had several limitations.
First, we restricted to those with valid weight measurements in the first
trimester and near to delivery. However, the proportion of excluded
cases was consistent in the pre- and postpandemic time periods. We do
not expect that the association between the pandemic and either weight
gain or infant birthweight is different in those excluded or included in
the study; thus, this should not lead to substantial bias in our primary
findings. Second, we were unable to control for individual-level factors
such as diet, exercise, employment, or stress. However, we see no
indication that these factors would have changed in the population for
reasons other than the pandemic onset, which means that our study
appropriately characterized pandemic impacts on our outcomes. Last,
our study population represents a single US state where
pandemic-associated countermeasures were relatively widespread.
This may impact generalizability to other US regions where there were
relatively few countermeasures that restricted physical activity or
movement.

Our study has implications for public health planning for future
potential pandemic time periods where antenatal care and lifestyles are
broadly disrupted. Virtual exercise programs [63] or fewer restrictions
on the use of outdoor spaces (e.g., playgrounds and parks) with a low
level of infection risk [64] could be 2 avenues to help promote physical
activity and healthy pregnancies in any future pandemics. Although the
weight gain effect overall was modest, individuals with higher pre-
gestational BMI were equally impacted; therefore, public health efforts
to promote healthy lifestyles after widespread disruptions such as the
COVID-19 pandemic could be most relevant in this specific
population.
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