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Background: Due to the COVID-19 pandemic, a “state of emergency” was declared in North Carolina on
March 10, 2020. Subsequent “stay-at-home” (SAH) orders restricted activities including use of fitness
facilities, and teleworking was encouraged. This study investigates metabolic effects of these changes in
activity level.

Methods: This retrospective prepost study included adults diagnosed with type 2 diabetes melli-
tus and hypertension with hemoglobin A1c (HbA1c), weight, and blood pressure (BP) measure-
ments for 3 time periods: 3/10/2019-9/9/2019 (“pre-SAH”), 3/10/2020-9/9/2020 (“during SAH”),
and 3/10/2021-9/9/2021 (“post-SAH”). The primary outcome was change in HbA1c pre-SAH to dur-
ing SAH and during SAH to post-SAH. Secondary outcomes were changes in weight, systolic BP
(SBP), and diastolic BP (DBP) over the same periods. Exploratory outcomes included health care
utilization. Paired t test compared outcomes between time periods using Bonferroni-adjusted a of
0.025 for significance.

Results: Analysis included 301 participants with an average age of 69.8 years. HbA1c, SBP, and DBP
trended up from pre-SAH to during SAH and then decreased post-SAH with a significant change only for
DBP from during SAH to post-SAH (74.2mmHg to 73.6mmHg, P < .001). Weight trended down across
the 3 study periods. In-office visits significantly decreased from pre-SAH to during SAH, and telehealth
visits significantly decreased from during SAH to post-SAH (both P < .001).

Conclusions: With the exception of DBP, findings reveal consistency in HbA1c, weight, and BP across
time periods before, during, and after COVID-19 SAH orders in North Carolina. ( J Am Board Fam Med
2024;37:129–133.)
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Background
In North Carolina, stay-at-home (SAH) orders due
to the (COVID-19) pandemic were enacted on
March 10, 2020, leaving residents inside their
homes and adapting to new routines and lifestyles.
SAH orders also promoted telehealth rather than
in-office health care visits to reduce viral spread.

SAH orders slowly lifted with facilities (ie, gyms,
restaurants) reopening at 30% capacity on
September 4, 2020, and SAH orders were fully
lifted in February 2021.1 Beyond the detrimental
impact of the novel coronavirus itself, general well-
being was also negatively affected. A survey-based

This article was externally peer reviewed.
Submitted 30 May 2023; revised 21 August 2023; accepted

29 August 2023.
From the High Point University, Fred Wilson School of

Pharmacy, High Point, NC (EMB, CLK, MCB, OGM, AG,
CHS), MCPHS University, School of Pharmacy, Boston,
MA (AYH); University of North Carolina Eshelman School
of Pharmacy, Asheville, NC (Present affiliation: CHS).

Funding: This research received no specific grant from
any funding agency in the public, commercial, or not-for-
profit sectors.

Conflict if interest: The authors declare that they have no
conflict of interest.

Corresponding author: Christina H. Sherrill, PharmD, One
University Heights, Campus Box 2125, Asheville, NC 28804
(E-mail: Christy_Sherrill@unc.edu; christysherrillpharmd@
gmail.com).

doi: 10.3122/jabfm.2023.230205R1 Metabolic Parameters During and After COVID-19 129

 on 27 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2023.230205R

1 on 25 January 2024. D
ow

nloaded from
 

mailto:Christy_Sherrill@unc.edu
mailto:christysherrillpharmd@gmail.com
mailto:christysherrillpharmd@gmail.com
http://www.jabfm.org/


study showed that during SAH orders, fried food
and sugar-sweetened beverage consumption rose,
with a concomitant increase in anxiety/stress in
overweight/obese people.2 Self-reported studies of
dietary intake at the beginning of the pandemic
showed a reduction in fresh fruits and vegetables
followed by an increase in both red or processed
meats and starchy vegetables.3

It is not fully understood how SAH orders
affected metabolic parameters. A single-center
observational study showed that 26% of people
with previously controlled diabetes had an increase
in hemoglobin A1c (HbA1c) of at least 0.3%.4

Pandemic-related studies also showed an increase
in sedentary time and decrease in exercise time.2

These behaviors trigger disease progression and
decline in metabolic health parameters, including
blood pressure (BP), HbA1c, and cholesterol pan-
els. Dysregulation of these parameters increases the
risk of cerebrovascular accident, myocardial infarc-
tion, and progression of chronic kidney disease.5,6

The purpose of this study was to evaluate the
change in glycemic control, weight, and BP before,
during, and after SAH orders were issued in North
Carolina. Given the risks of progressing metabolic
diseases, this retrospective review hoped to outline
some of the long-term impacts of the COVID-19
pandemic on people with common chronic diseases.

Methods
This retrospective prepost study was conducted by
reviewing electronic medical records from 2 primary
care practices, both in urban settings and not associ-
ated with an academic institution. Included partici-
pants were adults (≥18 years) with diagnoses of type
2 diabetes mellitus and hypertension who had
HbA1c, weight, and BP measurements for the 3 time
periods outlined below. Pregnant women were
excluded. The first time period, “pre-SAH,” was
March 10, 2019, to September 9, 2019. “During
SAH” was March 10, 2020, to September 9, 2020.
“Post-SAH” was March 10, 2021, to September 9,
2021. These time periods were chosen to allow
adequate time for meaningful change while also lim-
iting seasonal variation. HbA1c, weight, and BP were
recorded as the last value within the given time pe-
riod. The primary outcome was change in HbA1c
from pre-SAH to during SAH and from during SAH
to post-SAH. Secondary outcomes were changes
in weight, systolic BP (SBP), and diastolic BP

(DBP) over the same periods. Exploratory out-
comes included health care utilization during the
3 periods. The null hypothesis was that no change
would be seen in metabolic parameters across the
time periods. Outcomes were compared pre-SAH
to during SAH and from during SAH to post-
SAH periods using paired t test. Due to multiple
comparisons testing, a Bonferroni-adjusted a of 0.025
was set for statistical significance. This study was
approved by the local Institutional Review Board.

Results
Data for 301 participants were analyzed. The mean
age was 69.8 years, 57.8% were female, 59.8% iden-
tified as Non-Hispanic White, and 67.4% were
obese/overweight (Table 1).

HbA1c trended upward from 7.3% pre-SAH to
7.4% during SAH (P ¼ .73) and then back to 7.3%
post-SAH (P ¼ .29) (Figure 1A). There was a non-
significant decrease in weight across the 3 study periods
(Figure 1B). SBP trended down from 129.5mmHg

Table 1. Baseline Characteristics

Baseline Characteristics (n ¼ 301)
Mean (SD) or

N (%)

Age, Years 69.8 (10.4)
Female Sex 174 (57.8)
Race/ethnicity
Non-Hispanic White 180 (59.8)
Non-Hispanic Black 106 (35.2)
Other or Unknown 15 (5)

Insurance
Medicare 209 (69.4)
Medicaid 3 (1)
Private 86 (28.6)
Self-pay/Uninsured 3 (1)

Comorbidities
Obesity/Overweight 203 (67.4)
Hyperlipidemia 277 (92)
Coronary Artery Disease 54 (17.9)
Myocardial Infarction 5 (1.7)
Heart Failure 23 (7.6)
Cerebrovascular Accident/Transient
Ischemic Attack

17 (5.7)

Chronic Kidney Disease/Nephropathy 108 (35.9)
Neuropathy 78 (25.9)
Retinopathy 37 (12.3)
Hypothyroidism 75 (24.9)
Hyperthyroidism 6 (2)
Liver disease 13 (4.3)

Abbreviation: SD, standard deviation.
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pre-SAH to 128.6mmHg during SAH (P ¼ .33) and
then up to 129.6mmHg post-SAH (P ¼ .26) (Figure
1C). DBP increased from 74.2mmHg pre-SAH to
75.7mmHg during SAH (P ¼ .01) and then decreased
to 73.6mmHg post-SAH (P < .001) (Figure 1D).

Before SAH orders, in-office visits were the pri-
mary mode for accessing care (mean visits 2.76 2.1),
while telehealth was introduced during SAH (mean
visits 0.3 6 0.7). There was a statistically significant
difference between in-office visits pre-SAH to during
SAH (2.7 to 2.2, P < .001) as well as for telehealth
visits during SAH to post-SAH (0.3 to 0.1, P < .001).

Discussion
This retrospective prepost study assessed changes
in HbA1c, weight, and BP at 2 primary care clinics
in North Carolina. Findings reveal consistency in
HbA1c, weight, and SBP across 3 6-month time
periods over a 3-year span before, during, and after
SAH orders. However, there were statistically sig-
nificant changes in DBP across the 3 periods.

HbA1c was relatively stable with a nonsignificant
increase of 0.1% during SAH orders followed by a
decrease back to baseline. As HbA1c is based on the

approximate 3-month lifespan of red blood cells
and the last value within a given time period was
recorded for each participant (ie, all values may not
have been after at least 3 months since the start of
that time period), it is possible that the full effect of
changes related to SAH orders may not have been
seen. On the other hand, many people may have
experienced increased flexibility in work or social
calendars during SAH orders, which could have
allowed more time for physical activity, thus keep-
ing metabolic parameters in check. Similarly, a
nonsignificant rise in HbA1c from 6.6% to 6.8%
was seen in another study investigating changes in
metabolic parameters before versus after the 8-
week COVID-19 lockdown in Italy in people with
well-controlled type 2 diabetes.4

Interestingly, weight trended downward over the
3 study periods. As the average age of the study
population was just under 70 years old, potential
reasons for this could be muscle wasting due to
decrease in exercise and fewer meals eaten out due
to fear of being exposed to the virus. A study inves-
tigating change in body mass index (BMI) and
physical activity in older adults in Italy found no
major changes in BMI but a significant decline in

Figure 1. Changes in metabolic parameters. Abbreviations: During SAH, during stay-at-home defined as 3/10/

2020-9/9/2020; HbA1c, hemoglobin A1c; Pre-SAH, pre stay-at-home defined as 3/10/2019-9/9/2019; Post-SAH,

post stay-at-home defined as 3/10/2021-9/9/2021.
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physical activity in this age-group.7 Another study
collected questionnaires from Dutch older adults
assessing nutrition and physical activity and found
that older age was associated with eating less and los-
ing weight.8 Although our study did not collect data
on diet or physical activity, results from these publi-
cations present possible explanations for body weight
trending down.

Although no significant changes were observed
with SBP over the study period, DBP increased sig-
nificantly from pre-SAH to during SAH and then
decreased significantly post-SAH. One study com-
pared the change in BP during the pandemic to the
previous year and showed an increase in both SBP
and DBP (1.10 to 2.50mmHg and 0.14 to
0.53mmHg, respectively).9 Increases in BP could
be related to stress precipitated by the COVID-19
pandemic, increased sodium and alcohol intake,
and decreased activity.10 Another study demon-
strated worsening SBP and DBP during the first
8months of the COVID-19 pandemic among indi-
viduals with hypertension; however, once other sol-
utions such as telemedicine were provided, BP
began to stabilize.11 These findings provide a possi-
ble explanation for the decrease in DBP found in
our study from pre-SAH to post-SAH as telehealth
was implemented.

A statistically significant decrease was observed
from pre-SAH to during SAH for in-office health
care visits. Although SAH orders did not restrict
people from visiting primary care offices, many may
have postponed visits or turned to telehealth to
avoid public spaces. However, a statistically signifi-
cant decrease in telehealth from during SAH to
post-SAH was found, suggesting that health care
utilization began to normalize after SAH orders
ended. Telehealth outside of a pandemic setting
could be beneficial for persons with barriers to par-
ticipating in in-office appointments but may not be
the preferred option for the population seen at
these 2 clinics, particularly with the average age just
under 70 years. Reasons for this disinclination from
published literature in adults over age 65 include
lack of ownership of internet-enabled devices, lack
of knowledge of how to use internet-enabled devi-
ces, and general discomfort or unwillingness to par-
ticipate in nontraditional platforms.12

Limitations

This study included predominantly White people,
which minimizes the understanding of disease states

that disproportionately affect more African American
people.13 Moreover, with participants from only 2
health care clinics in a similar geographic location
and average age approaching 70years, further insight
could be found in future studies with larger sample
sizes and more equally dispersed demographics. In
addition, this study is subject to selection bias due to
the specificity of the inclusion criteria and may be
skewed toward those more engaged in their care ver-
sus participants who were excluded due to lack of out-
come data. Lastly, historic effect cannot be ruled out
and could be contributing to the observed results.

Conclusions
With the exception of DBP, consistency was found in
HbA1c, weight, and BP across the pre-, during, and
post-SAH time periods. As such, it seems that the
population included in this study was generally able to
maintain levels of metabolic parameters despite lim-
ited access to fitness facilities and rising use of tele-
health, which may support the use of telehealth as a
viable alternative to in-person medical encounters.

Authors would like to acknowledge contributions from Jaidyn
Bentley, PharmD and Briana Jackson, PharmD.

To see this article online, please go to: http://jabfm.org/content/
37/1/129.full.
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