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Abstract

Aims To examine the association between COVID-19 Shutdown and within-subjects changes in body weight, body mass
index (BMI), and glycemic parameters using electronic health record (EHR) data from 23,000 adults with type 2 diabetes
(T2DM).

Methods Patients with T2DM with outpatient visit data on body weight, BMI, hemoglobin Alc (HbAlc), and blood glucose
(=2 measures before and after 3/16/2020) recorded in the EHR at the University of Pittsburgh Medical Center were included.
A within-subjects analysis compared average and clinically significant changes in weight, BMI, HbA Ic, and blood glucose
during the year POST-Shutdown (Time 2—3) compared to the same interval during the PRE-Shutdown year (Time 0—1) using
paired samples t-tests and the McNemar-Bowker test.

Results We studied 23,697 adults with T2DM (51% female; 89% White; mean age =66 + 13 years; mean BMI=34 +7 kg/
m?%; mean HbA lc =7 +2% [53 +21.9 mmol/mol]). Weight and BMI decreased during both the PRE- and POST-Shutdown
intervals, but the changes were statistically smaller during the year POST-Shutdown relative to PRE (0.32 kg and 0.11
units, p <0.0001). HbA1c showed statistically greater improvements during the POST-Shutdown interval compared to PRE
(= 0.18% [—2 mmol/mol], p <0.0001), but changes in glucose did not differ for the two intervals.

Conclusions Despite widespread discussion of weight gain in association with the COVID-19 Shutdown, study data showed
no evidence of adverse effects of Shutdown on body weight, BMI, HbA1C, or blood glucose in a large sample of adults with
T2DM. This information may help to inform future public health decision-making.
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Introduction widespread in the mass media [1], and data from several

studies in the general population corroborated these reports

In March 2020, the global spread of SARS-CoV-2 led to
the implementation of stay-at-home orders across the U.S.,
causing abrupt changes to daily living. During and following
this “Shutdown” period, reports of pandemic-related weight
gain (popularly nicknamed “the Quarantine-15") were
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[2—4]. For individuals with type 2 diabetes (T2DM), who
are already at higher risk of COVID-19-related morbidity
and mortality given their typical age, weight, and metabolic
disease [5], weight gain may pose particular risks to health
by impairing glycemic control and exacerbating diabetes-
related health consequences [6]. Furthermore, Shutdown
presented significant challenges to diabetes self-manage-
ment, including physical activity restrictions, pandemic-
related stress, changes in eating patterns, social isolation,
and less access to in-person healthcare and metabolic testing
[7, 8]. These barriers may contribute to increased caloric
intake, reduced physical activity, and less consistent engage-
ment in diabetes self-management behaviors [7, 9]. Thus,
COVID-19 Shutdown may be associated with weight gain
and poorer glycemic control among adults with T2DM.
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However, research investigating effects of Shutdown on
body weight and glycemic control among individuals with
T2DM has found inconsistent results, even across meta-
analyses [9—11]. Several studies link Shutdown to small
weight gains [i.e., <2 kg; 12, 13-16] and to increases in
hemoglobin Alc (HbAIc) and blood glucose (e.g., 7-15 mg/
dL) [12, 14, 16-18]. Yet other studies show no evidence
of significant Shutdown-associated changes in weight [17,
19-21] or glycemic parameters [20-22], and some studies
show POST-Shutdown improvements in HbA1lc and blood
glucose levels [13, 19, 23].

The mixed evidence on associations between Shutdown,
weight, and metabolic health in adults with T2DM may be
attributable to methodological limitations. Although sev-
eral existing studies utilize electronic health record (EHR)
data from patients with T2DM in clinical settings, most of
these studies sampled less than 150 patients, with only a few
studies including more than 300 participants [15, 17-19].
Most studies also used cross-sectional methods or simple
pre-post designs that compared one measure taken POST-
Shutdown to one taken PRE-Shutdown, approaches that may
potentially misattribute weight gain to Shutdown instead of
to the patients’ typical weight trajectory. Finally, existing
research has mostly occurred outside the U.S. [9-11], and
given differences in national healthcare systems and Shut-
down restrictions, it may be difficult to generalize findings
from prior work to U.S. samples.

Given that weight management and glycemic control are
critical determinants of health in adults with T2DM [6],
research using stronger methodology is needed to improve
our understanding of the COVID-19 Shutdown’s effects on
body weight and glycemic control in this population. To our
knowledge, there are no previous studies in patients with
T2DM that have used a within-subjects design to examine
individuals’ changes in weight and metabolic parameters in
the period following Shutdown compared to their changes
in these parameters during the prior year. The current study
aimed to fill this gap and enhance the rigor of prior work by
using EHR data from adults with T2DM enrolled in a large
healthcare organization to conduct a within-subjects analysis
that examined the trajectory of change in body weight, body

Fig. 1 Timeline of the Data
Collection Windows for the
PRE-COVID-19 Shutdown

mass index (BMI), and glycemic control (i.e., HbAlc, blood
glucose) that occurred during the year following COVID-
Shutdown (“POST-Shutdown”) compared to the year prior
to Shutdown (“PRE-Shutdown.”).

Research design and methods
Data source and timeline

This study used data from ambulatory visits (excluding
emergency room or in-patient hospital visits) captured via
the EHR at the University of Pittsburgh Medical Center
(UPMC). UPMC is an integrated academic medical center
that serves over 200,000 patients across Pennsylvania [24].
Data were drawn from outpatient visits from 22 UPMC
hospitals that had been harmonized in the UPMC Clinical
Data Warehouse. The beginning of the COVID-19 Shut-
down period was defined as 3/16/2020. This date was used
to define 4 timepoints for data extraction: two “PRE-Shut-
down” timepoints (Time 0 and Time 1), which were used to
determine changes in weight and glycemic control prior to
Shutdown as a control period, and two “POST-Shutdown”
timepoints (Time 2 and Time 3), which provided POST-
Shutdown trajectories for comparison. Figure 1 depicts the
precise timeline that defined these data collection intervals.

Study population

Data were extracted from the EHR for patients who met
the following characteristics: (1) were adults who had been
diagnosed with T2DM at least 1 year prior to 3/16/20; (2)
had >2 BMI measurements prior to 3/16/20 that were at
least 90 days apart, with the most recent being > 90 days
before 3/16/20; and (3) had >2 BMI measurements on or
after 3/16/20 that were at least 90 days apart, with the first
being > 90 days after 3/16/20. The UPMC Ethics and Qual-
ity Improvement Review Committee granted formal ethics
approval for study procedures as an exempt protocol (ID
2882) and data were de-identified.
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Measures

EHR data obtained during outpatient medical visits was
extracted for key outcome measures, including measures of
body weight, BMI, HbAlc, and blood glucose (blood glu-
cose measures likely included both fasting and random val-
ues, limiting their rigor.) Other data extracted from the EHR
included patients’ currently prescribed diabetes medications,
visit format (i.e., in-person or tele-medicine), and demo-
graphic data (e.g., age, biological sex, racial background).
The Area Deprivation Index (ADI) was used to determine
socioeconomic status, with individuals at or above the 85th
percentile categorized as having greater disadvantage [25].

Analytic plan

Primary Analyses. Data values in the top and bottom 0.05
percentile of the range for each outcome were reviewed to
identify biologically implausible values based on pre-defined
criteria (i.e., weight <36 or>227 kg; BMI < 15 or > 65 units;
HbAlc<3 or>15%; blood glucose <30 or> 600 mg/dL)
or implausible changes in values. Analyses were performed
using SAS software Version 9.4 (SAS Institute, Inc., Cary,
NC). Paired samples t-tests were used to compare POST-
Shutdown changes in weight, BMI, and glycemic parameters
to PRE-Shutdown changes. The McNemar-Bowker test was
used to compare the proportion of patients who displayed
clinically significant changes in weight, BMI, and glycemic
outcomes during the POST-Shutdown interval (Time 2 to
3) versus PRE-Shutdown (Time O to 1). Clinically signifi-
cant changes in study parameters were defined as 5% weight
change, 2 BMI units, 0.5% change in HbAlc, and > 30 mg/
dL change in blood glucose [26, 27]. Two-tailed p-values
were set at <(0.0001 due to the large sample size.

Sensitivity analyses. Sensitivity analyses were also per-
formed to account for potential biases. To reduce concerns
that visit format (i.e., in-person vs. telemedicine visit) or
changes in T2DM medication during the study influenced
results, sensitivity analyses were conducted using patients
with only in-person visits and, separately, among patients
with no changes in the class of medications prescribed
during the study period. To reduce concerns that selecting
patients with 2 visits PRE- and POST-Shutdown would dis-
proportionately select compliant patients who were closely
connected to care, sensitivity analyses were also conducted
in patients with only 1 BMI measure collected during an
in-person visit 5—7 months before the onset of COVID
(3/16/2020) and 5-7 months after COVID onset, with the
measure closest to 3/16/2020 selected.

Subgroup analyses. Descriptive statistics on change in
weight during the PRE- and POST-Shutdown time intervals
were examined for pre-specified subgroups defined by sex
(male; female), ADI (0- < 85 percentile; > 85 percentile),

age (18-35;36-50; 51-60; 61-70; > 71 years), race (white;
black; other), BMI category (< 18.5; 18.5-<25; 25-<30;
30- < 35;>35 kg/m?), and type 2 diabetes medication regi-
men (no medications; oral medications only; insulin) based
on values reported at Time 0.

Results
Descriptive statistics

A total of 23,697 patients met eligibility criteria and had
plausible outcome data (n =86 screened out due to implau-
sible values). Participant characteristics are outlined in
Table 1.

On average, there were 11.6+2.4 months between the
first and final measures of the PRE-Shutdown period (Time
0-1), 11.3 +£2.4 months between POST-Shutdown measures
(Times 2-3), and 25.5 months between the first and final
measures (Times 0-3).

Changes in weight and BMI POST-
versus PRE-Shutdown

As seen in Table 2, on average patients lost a small amount
of weight during both the PRE- and POST-Shutdown peri-
ods. The magnitude of weight loss was significantly smaller
in the period POST-Shutdown (—0.51 kg) versus PRE-
Shutdown (—0.83 kg), a statistical difference of 0.32 kg
(p<0.0001; 95% CI: 0.21-0.44 kg). Findings for BMI were
similar (p <0.0001).

The proportion of patients who displayed clinically mean-
ingful changes in body weight (i.e., > 5% weight loss/gain)
and BMI (> 2 units) was also statistically different in the
year POST- versus PRE-Shutdown principally (p <0.0001;
Fig. 2). Although over two-thirds of patients stayed within
5% of their initial weight during both time periods, slightly
more patients gained a clinically significant amount of
weight in the year POST-Shutdown (14.5%) versus PRE-
Shutdown (12.2%), and slightly fewer patients lost a clini-
cally significant amount of weight POST- (17.6%) versus
PRE-Shutdown (18.1%). Over 70% of patients stayed within
2 BMI units in both years.

Changes in glycemic control POST-
versus PRE-Shutdown

Table 2 shows that on average patients with T2DM
(n=19,099) showed statistically larger reductions in
HbA 1c in the year POST-Shutdown (—0.19% [— 2.1 mmol/
mol]) versus PRE- (—=0.01% [—0.1 mmol/mol]), a dif-
ference of —0.18% (—2.0 mmol/mol; p <0.0001; 95%
CI-0.21%,—0.17%). There was no statistical difference
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Table 1 Descriptive

o Characteristic Total Female Male
;I;;ﬁifgﬁt;:;fn?g study (N=23,697) (N=12,178) (N=11,519)
Age in years, mean, SD 65.7,12.7 65.1,13.5 66.5,11.8
Age in years, (n), %
18 to 35 (568) 2.4 (413)3.4 (155) 1.4
36 to 50 (2393) 10.1 (1362) 11.2 (1031)9.0
51 to 60 (4541) 19.2 (2351)19.3 (2190) 19.0
61to 70 (7544) 31.8 (3752) 30.8 (3792) 32.9
71 and older (8651) 36.5 (4300) 35.3 (4351)37.8
Race, (n), %
White (20,917) 88.6 (10,478) 86.3 (10,439)91.1
Black (2452) 10.4 (1530) 12.6 (922) 8.0
Other (233) 1.0 (129) 1.1 (104) 0.9
ADI—2018, mean, SD 67.7,15.6 68.7,15.2 66.7,15.8
ADI—(2018), (n), %
0to<85% (20,984) 88.6 (10,648) 8.8 (10,336) 89.7
>85% (2712) 114 (1529) 87.4 (1183) 10.3
Weight (kg) mean, SD 96.1,23.5 89.6,22.2 103.1,22.8
Body mass index, mean, SD 33.8,7.3 34.4,7.8 33.1,6.6
Body mass index, (n), %
Less than 18.5 (58)0.2 (38)0.3 (20) 0.2
18.5t0<25.0 (1980) 8.4 (1101) 9.0 (879) 7.6
25.0 to<30.0 (5954) 25.1 (2681) 22.0 (3273)28.4
30.0 to<35.0 (6702) 28.3 (3202) 26.3 (3500) 30.4
35.0 or higher (9003) 38.0 (5156) 42.3 (3847) 33.4
Glucose (mg/dL), mean, SD 148.9, 65.6 145.5, 66.0 152.5, 65.0
HbAlc, mean, SD (%/mmol/mol) 7.3,1.6% 72,1.6% 7.4,1.6%

(56, 17.5 mmol/mol) (55, 17.5 mmol/mol) (57, 17.5 mmol/mol)
HbAlc, (n), %

Less than 6.5 (7076) 32.1 (3930) 35.0 (3146) 29.2
6.5t07.0 (4838) 22.0 (2440) 21.7 (2398)22.2
>7.0t0 8.0 (5060) 23.0 (2472) 22.0 (2588) 24.0
>8.0 (5035) 22.9 (2388)21.3 (2647) 24.6
Current diabetes meds, (n), %
Metformin (13,552) 57.2 (6737)55.3 (6815) 59.2
Sulfonylurea (5831) 24.6 (2677) 22.0 (3154)27.4
Thiazolidinedione (523)2.2 (201) 1.7 (322)2.8
DPP4 inhibitor (2733) 11.5 (1359) 11.2 (1374) 11.9
GLP1 agonist (2575) 10.9 (1378) 11.3 (1197) 10.4
SGLT2 inhibitor (1517) 6.4 (642)5.3 (875)7.6
Insulin (7646) 32.3 (3787) 31.1 (3859) 33.5
Diabetes meds regimen, (n), %
No meds (4198) 17.7 (2389) 19.6 (1809) 15.7
Metformin only (5569) 23.5 (2970) 24.4 (2599) 22.6
Sulfonylurea only (881) 3.7 (426) 3.5 (455)3.9
Other single oral med only* (578)2.4 (348) 2.9 (230) 2.0
Multiple oral meds only (4825) 20.4 (2258) 18.5 (2567)22.3
Insulin only (2702) 11.4 (1350) 11.1 (1352) 11.7
Insulin and > =1 oral meds (4944) 20.9 (2437) 20.0 (2507) 21.8
History of hypertension, (n), % (19,906) 84.0 (10,020) 82.3 (9886) 85.8
History of CAD, (n), % (6694) 28.2 (2446) 20.1 (4248) 36.9
History of cancer, (n), % (4154)17.5 (2045) 16.8 (2109) 18.3
History of depression, (n), % (5589) 23.6 (3810) 31.3 (1779) 15.4
History of CKD, (n), % (4433) 18.7 (2170) 17.8 (2263) 19.6
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Table 1 (continued)
ease

ADI Area deprivation index, BP blood pressure, CAD Coronary artery disease, CKD Chronic kidney dis-

*Includes Thiazolidinedione, DPP4 inhibitor, GLP1 agonist, SGLT?2 inhibitor

between changes in blood glucose levels POST- versus PRE-
Shutdown (—0.30 mg/dL, p=0.68; 95% CI —1.72, 1.13).

The proportion of patients reporting clinically significant
changes in HbA1C (>0.5% more or less) and blood glucose
(i-e.,>30 mg/dL more or less) differed statistically compar-
ing POST- to PRE-Shutdown (p <0.0001; Fig. 2). During
both periods, most patients showed no clinically significant
changes in HbAlc or blood glucose levels, though during
the POST-Shutdown period more patients reported clinically
significant HbA1lc improvements (30.5% POST vs. 24.8%
PRE) and fewer reported worsening levels than in the prior
year (18.9% POST vs. 26.0% PRE).

Sensitivity analyses

Changes in patients’ diabetes medication use during the
year POST-Shutdown were comparable to changes observed
PRE-Shutdown. A sensitivity analysis conducted only in
patients with no medication changes from Times 0-3 (69.2%
of total sample) confirmed results from the primary analy-
sis that showed no meaningful differences between changes
seen in weight, BMI, HbAlc, and blood glucose during
the POST-Shutdown interval compared to PRE (Supp.
Table 1A).

In a paired #-test that only examined changes in outcomes
among patients with in-person visits (81.7% of total sample),
results supported the primary analysis (Supp. Table 1B). A
final sensitivity analysis (Supp. Table 1C) selected patients
with at least one measurement in the 6 months PRE- and
POST-Shutdown (versus the primary analysis requiring 2
PRE- and POST-Shutdown measures). There were 361 + 198
average days between PRE/POST measures. Results of this
sensitivity analysis showed no clinically significant changes
in weight (= 0.1 kg), BMI (- 0.2 units), HbAlc (-0.1%
or — 1.1 mmol/mol), and blood glucose (+ 0.2 mg/dL) PRE-
to POST-Shutdown.

Subgroup analyses

Trajectories of change in weight were stratified by sex, ADI,
age, race, initial BMI category, and type 2 diabetes medica-
tion regimen (Supp. Table 2). There was no indication of
meaningful differences in patterns of weight change based
on sex, ADI, or race, with patients in nearly all subgroups
losing slightly less weight (0.2-0.6 kg) in the year POST-
versus PRE-Shutdown. Across age groups, all subgroups
showed slightly less weight loss (0.2—1.0 kg) in the year
POST- compared to PRE-Shutdown, with the smallest

difference seen in older adults (>71 years; 0.2 kg less
weight loss) and the largest difference seen in younger adults
(18-35 years; 1 kg less weight loss). Weight change patterns
were similar for adults in most BMI categories, although the
largest differences were seen in patients with a BMI < 18.5,
who gained less weight POST-Shutdown (—0.1 kg) versus
PRE (4 2.5 kg), and among those with a BMI > 35 kg/m?,
who lost less weight POST-Shutdown (— 0.9 kg) versus PRE
(— 1.8 kg). Weight changes were also similar for individuals
using different diabetes medication regimens.

Discussion

This study examined whether the COVID-19 Shutdown
led to changes in body weight, BMI, and glycemic control
in 23,000 adults with T2DM enrolled in a large healthcare
system. In contrast to mass media reports and some prior
studies [2, 12] suggesting possible weight gain in association
with the COVID-19 Shutdown, our results showed that on
average adults with T2DM had small weight losses and BMI
reductions during the year following Shutdown. In addition,
we found that HbA 1c improved during the POST-Shutdown
interval relative to PRE-Shutdown. Although these changes
were statistically significant, the differences between the two
time intervals were not clinically meaningful (e.g., weight
loss of 0.51 kg in the year POST-Shutdown vs 0.83 kg PRE-
Shutdown and HbA1c change of —0.19% POST-Shutdown
vs —0.01% PRE are not clinically meaningful differences
[26, 27]). Likewise, only a small proportion of patients had
clinically significant improvements or worsening in weight
or metabolic parameters during either year, with the major-
ity of patients showing no clinically significant changes in
weight or glycemic outcomes both PRE- and POST-Shut-
down. Several sensitivity analyses confirmed the results of
these primary analyses and suggest that these results were
not due to selection of patients with more frequent medical
visits, changes in diabetes medications, or to inclusion of
telemedicine visits.

To our knowledge, this is the first study of adults with
T2DM to use a within-subjects design to assess changes in
a patients’ weight and glycemic outcomes during the year
POST-Shutdown compared to their own changes in the year
prior to the Shutdown as a control condition [9-11]. This
approach allowed us to determine whether the changes in
weight, BMI, and glycemic parameters that were observed
following Shutdown differed from individuals’ typical
changes during the PRE-Shutdown period. In addition,
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(POST-Shutdown-PRE-Shut-

down)

POST-Shutdown interval

PRE-Shutdown interval

N

Table 2 Descriptive statistics and change in body weight, BMI, blood glucose, and HbA 1c at PRE- and POST-Shutdown time intervals
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Time 3 Change

Time 2

Change

Time 1

Time 0

95% C.I  p-value*

Mean

95% C.1

SD Mean SD Mean

Mean

95% C.1

SD Mean SD Mean

Mean

0.21,0.44 <0.0001

23.5 953 234 -0.83 -0.90, 94.9 23.5 94.4 23.6 -0.51 -0.59, 0.32

96.1

23,697

Body

-0.43

-0.75

weight

(kg)

0.07,0.15 <0.0001

0.11

—0.11 —-0.14,

74

332

73

334

—-0.25,

—0.22

73

335

338

Body mass 23,697

index

—-0.08
—1.04,

-0.19
-0.76,

-1.72, 0.68

-0.30

-0.12

63.1 147.6 623

147.9

0.17

1483 645

64.9

20,977 148.3

Glucose

1.13

-0.21,

-0.79
—-0.20,

1.10

—-0.03,

(mg/dL)
HbAlc

<0.0001

—-0.18

73(56) 1.5(164) 7.1(54) 1.4(153) —0.19

-0.01

7.4 (57)1.5 (16.4)

7.4 (57)1.6 (17.5)

19,099

-0.17
(-2.3,

(=2.0)
~1.9)

-0.17
(2.2,

-1.9)

(=2.1)

0.01

(=0.1)

% (mmol/
mol)

*Assessed by paired r-test

by studying the same person PRE- and POST-Shutdown,
this design controlled for fixed factors (i.e., sex) that other
studies only accounted for by including these factors as
covariates.

Prior studies examining POST-Shutdown changes in
weight and metabolic health in adults with T2DM show
marked heterogeneity in outcomes, likely due to variability
in study designs, assessment timelines, and sample size and
characteristics [9—11]. Our findings showing no evidence
of POST-Shutdown weight gain are consistent with results
from the most rigorous prior studies on this topic [19, 21].
For example, one study [21] found that BMI remained stable
in a cohort of 141 adults with T2DM during the year POST-
Shutdown, and a comparable BMI trajectory was seen in
123 matched controls during the same time interval PRE-
Shutdown. Beyond individuals with T2DM, results from this
study align with those of a large within-subjects study [28]
of over 100,000 adults from the general population showing
no differences in weight changes observed among patients in
the year PRE- and POST-Shutdown, with weight remaining
stable (4 0.2 kg) in both years. Finally, this study’s finding
that Shutdown was not associated with worsened glycemic
control in adults with T2DM is consistent with prior work
[9, 11, 13, 19-23].

The current study’s large sample size also provided the
statistical power needed to examine differences in POST-
Shutdown weight change across subgroups based on age,
sex, race, ADI, and initial BMI levels, differences that
have been explored among adults in the general population
[28-31] but only in a few studies of adults with T2DM [15,
16]. Descriptive data from this study showed no differences
in POST-Shutdown weight change based on sex, ADI, or
racial background, though results related to race and ADI
should be interpreted cautiously given the lack of racial
and socioeconomic diversity in this sample. Although there
were no dramatic differences in weight change based on age
or initial BMI, we did see that younger adults (18-35) and
those with the highest starting BMIs lost less weight during
the POST- versus PRE-Shutdown year. This finding is con-
sistent with prior data from the general population showing
that younger adults and those with higher BMIs are most
likely to experience weight gain over time and especially
during the pandemic [29-32].

These results provide no evidence that the COVID-19
Shutdown led on average to weight gain or worsening in
glycemic control among adults with T2DM or that these
negative effects were seen in a substantial proportion of
individuals. This finding is important given that weight
gain—particularly clinically significant weight gain—is
known to impair metabolic health in this population [6, 7]
and poor long-term glycemic control is robustly related to
risk for macro-and microvascular disease and all-cause mor-
tality in adults with T2DM [33, 34]. Taken together, the
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strong evidence from this study may alleviate concerns that
Shutdown restrictions led to deteriorations in health among
adults with T2DM.

Strengths and limitations

The current study advances prior research examining effects
of Shutdown on weight in people with T2DM by drawing
from a large representative sample, using EHR-assessed
outcomes, and utilizing a within-subjects design that com-
pared patients’ weight change trajectories POST-Shutdown
with their own data from the prior year [9—11]. This is also
one of the first studies in adults with T2DM with a large
enough sample to examine differences in POST-Shutdown
weight change across demographic subgroups. This study
also enhances the rigor of prior work by including several
sensitivity analyses, which showed that results from the pri-
mary analysis were robust to effects of potential confounding
factors, analyses that few past studies have reported [9-11].

This study also has limitations. The retrospective design
limits our ability to draw causal conclusions about asso-
ciations between the COVID-19 Shutdown and weight
change. Data were also collected using EHR records, so
measures of weight, HbAlc, and blood glucose were not
tightly controlled or standardized [35]. This was of par-
ticular concern for blood glucose measures, which likely
included both fasting and random values, limiting the
interpretability and generalizability of these findings. The
EHR also did not reliably assess COVID-19 diagnoses for
ambulatory visits, so we were unable to conduct sensitiv-
ity analyses to examine whether patterns of weight change
differed for individuals with versus without a COVID-19
diagnosis during the POST-Shutdown interval. This is an
important direction for future studies given links between
more severe cases of COVID-19 and weight loss [36].

Additionally, it is also possible that co-morbid conditions
(e.g., hypertension, cancer) or their associated treatment
regimens influenced weight or glycemic change over time.
However, given the limited feasibility of controlling for
each possible condition, treatment, and their combinations,
this analysis did not control for these factors.

Finally, the sample was composed of individuals from
a large academic health center who were connected with
regular healthcare and a minority of participants identi-
fied as people of color (11%) or met criteria for signifi-
cant socioeconomic disadvantage (11%). T2DM dispro-
portionately affects people of color and individuals with
socioeconomic disadvantage [37], populations that have
experienced high rates of COVID-19 infection, morbid-
ity, and mortality [38], so it is possible that study findings
do not adequately capture effects of COVID-19 Shutdown
on metabolic health in two at-risk subgroups. However,
it is notable that in a large sample of culturally diverse
and under-insured patients in Massachusetts, patients with
T2DM showed no evidence of average or clinically signifi-
cant weight gain PRE- to POST-Shutdown [30].

Conclusions

Despite widespread discussion of weight gain in asso-
ciation with COVID-19 Shutdown [9-11], data from this
within-subjects analysis showed no evidence of adverse
effects of Shutdown on body weight, BMI, HbAlc, or
blood glucose in over 23,000 adults with T2DM from a
large healthcare system. This information may help to
inform future public health decision-making regarding the
risk:benefit ratio of pandemic-related shutdowns and their
impact on metabolic health in adults with T2DM.
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