Bl covip

Article

Changes in Lifestyle Habits in Individuals with Diabetes
during the COVID-19 Pandemic: The ELSA-Brasil Cohort Study

William Jones Dartora "2, Maria Inés Schmidt 13, Rosane Harter Griep *

check for
updates

Citation: Dartora, W.J.; Schmidt, M.I.;
Griep, R.H.; Duncan, B.B. Changes in
Lifestyle Habits in Individuals with
Diabetes during the COVID-19
Pandemic: The ELSA-Brasil Cohort
Study. COVID 2023, 3, 1601-1611.
https://doi.org/10.3390/
covid3100109

Academic Editor: Andrea Fiorillo

Received: 25 September 2023
Revised: 6 October 2023
Accepted: 9 October 2023
Published: 12 October 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Bruce B. Duncan 1-3:*

Postgraduate Program in Epidemiology, Universidade Federal do Rio Grande do Sul,

Porto Alegre 90035-003, Brazil; wjd4002@med.cornell.edu (W.]J.D.); maria.schmidt@ufrgs.br (M.LS.)

2 Brain Health Imaging Institute, Department of Radiology, Weill Cornell Medicine, New York, NY 10065, USA
Hospital de Clinicas de Porto Alegre, Universidade Federal do Rio Grande do Sul,

Porto Alegre 90035-003, Brazil

Laboratory of Health and Environment Education, Instituto Oswaldo Cruz, Fundagao Oswaldo Cruz,

Rio de Janeiro 21041-250, Brazil; rohgriep@gmail.com

*  Correspondence: bbduncan@ufrgs.br

Abstract: The COVID-19 pandemic and society’s response to it may have constrained the ability
of those with diabetes to achieve a healthy lifestyle. We conducted a longitudinal study to assess
the frequency and magnitude of sedentary habits, physical activity, sleep, alcohol consumption,
weight, and smoking from July 2020 to February 2021 and compared these levels to those before the
pandemic (2017-2019) in 1082 participants of the ELSA-Brasil study with known diabetes. Our results
showed that inappropriate sleep duration was common (649, 68.9%) before the pandemic. Many
(447, 31.1%) with this problem achieved an adequate sleep duration during the pandemic. Significant
increases occurred in time in front of screens (1.3; 95%CI 0.66-2.11 h/day) and time sitting or reclining
(1.4,95%CI 0.8-2.3 h/day). Physical activity decreased (270, 95%CI 243-298 MET-min/wk). Alcohol
consumption decreased without statistical significance (—19.6, 95%CI —51.1-11.9 g/w). In general,
changes were similar between diabetics and non-diabetics, except that screen time in-creased less
(—0.18, —0.35-—0.01 h/day) for those with diabetes. Sleep duration improved, but the frequency of
sedentary habits increased, and physical activity decreased during the pandemic. Understanding
changes brought on by the pandemic is essential to facilitate the implementation of quality health
care for those with diabetes in moments of social stress.
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1. Introduction

The COVID-19 pandemic [1,2] caused major disruption to world society. It has been
reported that the COVID-19 pandemic negatively impacted participants” social connections
and well-being, including the loss of intimacy they experienced with their loved ones,
anxiety, depression, and loneliness [3]. Unhealthy eating habits have increased, as have in-
activity and sedentary behavior [4]. COVID-19 has been linked to weight gain and reduced
time spent on physical activity [5]. In Brazilian society, the impact was also significant.
According to official statistics, as of 24 September 2023, more than 37.7 million Brazilians
had been infected and 705 thousand had died [6]. To minimize risk and pandemic spread,
state and local governments implemented measures, including mandates, to encourage
social distancing, and, at times, lockdowns, and recommended special care be taken by
those at high risk, including those with diabetes mellitus (DM) [7-14].

As a result, the COVID-19 pandemic, aside from being a direct risk to health and life,
indirectly affected disease burden through lifestyle changes [1-5]. Convenience sample
data in Brazil suggest major changes occurred in some risk factors [15,16].

The prognosis of diabetes depends to a large extent on controlling risk factors for its
complications. While much of this control requires medications, patients can also benefit
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from appropriate behavioral habits such as not smoking, engaging in physical activity,
obtaining adequate sleep, and avoiding excessive alcohol consumption [17].

The Brazilian Longitudinal Study of Adult Health (Estudo Longitudinal de Satide do
Adulto—ELSA-Brasil), given its prospective nature, broad description of participants, and
characterization of important behaviors shortly before the onset of the pandemic, is well-
positioned to characterize changes in health-related behaviors during the first year of the
pandemic. Thus, our objective is to describe the prevalence of behaviors affecting prognosis
during the early months of the pandemic and their change from the pre-pandemic baseline
in middle-aged to elderly Brazilian adults with diabetes.

2. Materials and Methods

ELSA-Brasil is a multicenter study of 15,105 employees of public institutions of higher
education and research in six Brazilian capitals, initiated between 2008 and 2010 when
participants were aged between 35 and 74 years. Almost all had guaranteed job stability
or were retirees. Its principal focus is to investigate epidemiologic, clinical, and molecular
aspects of chronic non-communicable diseases, especially cardiovascular diseases, and
diabetes. ELSA-Brasil was approved by the ethics in research committees of each institution
involved, and all participants gave written consent to participate. Sociodemographic and
health data were collected through interviews and examinations. The study design and data
collection details have been previously reported [18]. We invited consenting participants
from five of ELSA-Brasil’s six recruitment centers to participate in this survey. Known
diabetes was defined by self-report and/or anti-diabetic medication use during previous
clinic visits or a report of new onset of the disease by questionnaire during the pandemic.

The COVID-19 pandemic survey consisted of multiple small questionnaires to be
completed over a period of weeks. The questionnaires were accessed through ELSA’s
data-entry system (Otus Solutions, Porto Alegre) for either telephone interview or self-
completion via secure, password-protected pages specific for each participant. For the latter,
participants received e-mails indicating the availability of questionnaires needing response.
Participant responses were tracked on a special dashboard created in R and Shiny for this
purpose. When necessary, multiple contacts via e-mail and telephone were attempted
to increase the response rate. In one of these, we repeated questions about participants’
lifestyle and health habits, which had been previously collected by questionnaire at ELSA’s
third clinic visit (2017-2019). Among these, 9072 were enrolled in ELSA centers conducting
this study during the pandemic. After exclusions, 5376 participated in at least one of
the questionnaires of our COVID survey. However, some were excluded due to missing
values on covariates, leaving 5304 for our analyses. Of these, 1082 had known diabetes
(Supplementary Materials—Figure S1).

We defined an appropriate number of hours of sleep as seven or more per night,
with less than this considered inappropriate [19-21]. We ascertained weight loss by asking
whether participants had lost, gained, or maintained their weight during the pandemic, and
sedentary habits through questions about wake time spent sitting or reclining and in front of
screens. We obtained the quantity and frequency of beer, wine, and spirits consumption and
expressed alcohol consumption in grams of ethanol per week. We applied the International
Physical Activity Questionnaire and expressed physical activity for leisure and transport
domains in metabolic equivalent (MET)-minutes per week.

We then calculated pre-pandemic to pandemic changes in these behaviors, expressing
these as changes in frequency for categorical variables and mean differences for continuous
ones. For categorical variables, we then calculated crude and adjusted prevalence ratios
(PRs) and their respective 95% confidence intervals, comparing the frequency of changes by
diabetes status via Poisson regression with robust variance. Similarly, we calculated crude
and adjusted differences in mean changes by diabetes status using multiple linear regres-
sion. We defined the level of significance as & = 5%. Statistical analyses were performed
using R 4.1.2.
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3. Results
3.1. Data Selection

Of the initial 15,105 ELSA-Brasil participants, 12,636 returned to the third ELSA clinic
visit in 2017-2019, immediately before the pandemic. Of those absent, 550 had died, 39 were
too sick to attend, 217 were not located, 123 lived too far away, 1540 declined participation,
and 3564 were from one of ELSA’s six centers that did not join in our COVID-19 survey,
leaving 9072 individuals at participating centers. Of these, 54 (0.6%) had died, 13 (0.1%)
were too sick to participate, 144 (2%) could not be found, 478 (5%) explicitly requested
not to participate, and 2744 (30%) did not respond to contacts. Thus, 5639 enrolled in the
COVID-19 survey. Of these, 263 (3%) were missing information to characterize the presence
of diabetes at the pre-pandemic visit, and 72 (0.8%) were missing data for covariates. The
final sample thus consisted of 5304 (59.2% of those alive and well) participants: 1082 with
diabetes and 4222 without (Figure S1).

3.2. Characteristics of Participants

Table 1 shows the characteristics of these ELSA-Brasil participants. Among them,
552 (51%) were women. Most (80.7%) were >55 years of age, 49.2% self-declared skin color
as being white and 48.4% as black or brown, and most (65.5%) had completed a university
degree. Additionally, the majority (81.6%) were overweight or obese. Comparatively,
among those without diabetes (79.6%), more (59.5%) were women, more (57.5%) were
white, fewer (63.2%) were >55 years of age, more (75.1%) had completed university degrees,
and fewer (62.4%) were overweight or obese.

Table 1. Characteristics of participants with and without diabetes responding to the survey during
the COVID-19 pandemic. ELSA-Brasil (N = 5304).

With Diabetes Without Diabetes
N % 95%CI N % 95%CI
Gender (%)
Women 552 51.0 (48.0-54.2) 2514 59.5 (57.6-61.5)
Men 530 49.0 (45.7-51.9) 1708 40.5 (39.1-42.2)
Age Group (%)
35 to 54 years 209 19.3 (17.0-21.8) 1554 36.8 (33.9-39.8)
55 to 64 years 472 43.6 (39.7-45.8) 1662 394 (38.0-41.1)
65 to 74 years 322 29.7 (27.2-32.9) 836 19.8 (18.5-21.0)
over 74 years 79 74 (6.4-10.4) 170 4.0 (3.2-5.3)
Color/Race (%)
White 532 49.2 (46.1-52.3) 2429 57.5 (55.5-59.6)
Brown 334 30.8 (28.1-33.8) 1200 284 (26.8-29.6)
Black 190 17.6 (15.5-20.3) 504 11.9 (10.6-12.6)
Yellow (Asian) 13 1.2 (0.9-2.2) 59 1.4 (0.9-1.8)
Indigenous 13 1.2 (0.9-2.2) 30 0.7 (0.4-9)
Educational level (%)
Complete elementary school or 7 71
. . (6.1-9.5) 148 35 (2.9-4.0)
incomplete secondary school
Complete secondary school 297 27.4 (24.6-30.1) 905 214 (19.0-24.0)
University degree 708 65.5 (62.0-67.9) 3169 75.1 (72.3-77.7)
BMI (%)
<25 kg/m? 207 19.2 (16.9-21.7) 1589 37.6 (34.6-40.6)
25-29.9 kg /m? 446 41.2 (37.3-43.4) 1740 41.2 (39.6-42.7)
>30 kg/m? 429 39.6 (35.5-43.4) 893 21.2 (18.6-21.1)
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3.3. Changes in Smoking, Sleep, and Weight

Table 2 shows changes in smoking, sleep, and weight by diabetes status during
the pandemic. Most (91.9%) with diabetes were non-smokers, and very few (4; 0.4%;
95%CI 0.3-0.5%) reported smoking during the pandemic. In contrast, among the 87 (8.1%)
previous smokers, several (21; 24.1%; 95%CI 21.5-26.8%) reported not smoking during
the pandemic. Duration of sleep improved. Of those with initially appropriate duration
(>7 h), the duration of only 62 (14.3%; 95%CI 12.2-16.6%) became inappropriate, while
among those initially with too short a duration, 202 (31.1%; 95%ClI 28.3-34.0%) reported
achieving appropriate sleep duration. Similar changes in these habits were seen among
those without diabetes.

As weight was not measured during our COVID-19 survey, we present self-reported
qualitative impressions of weight changes. Weight loss was reported by 36.1% (95%CI
33.2-39.1%) of participants with diabetes and weight gain by 33.6% (95%CI 30.7-36.6%).
On the other hand, slightly fewer of those without diabetes reported weight loss (33.7%;
95%ClI 30.8-33.7%) than weight gain (41.6%; 95%CI 33.6-44.7%).

3.4. Changes in Sedentary Behaviors, Alcohol Consumption, and Physical Activity

Table 3 shows changes in sedentary habits, alcohol consumption, and physical activ-
ity before and during the pandemic. Those with diabetes increased time spent in front
of the screens by 1.3 (95%CI 0.66-2.11) h/day and time spent sitting or reclining by
1.4 (95%CI 0.8-2.3) h/day during the pandemic. Reported physical activity also decreased
during the pandemic. This decrease, of 270 Met-min/week, is approximately equivalent to
walking briskly (METs = 5) for about 7.7 min more daily. Among those without diabetes,
the increase in the two sedentary habits was slightly greater: 1.63 (95%CI 0.9-2.6) h/day
and 1.62 (95%CI 0.9-2.6) h/day, respectively, and the decrease in physical activity was
also slightly greater (343; 95%CI 314-373 Met-min/week). Despite this, as those without
diabetes had greater pre-pandemic physical activity, physical activity during the pandemic
remained less in those with diabetes: 527 (95%CI 496-557) vs. 643 (95%CI 614-673 Met-
min/week). Alcohol consumption decreased to —7.4 g/week (95%CI 5.9-9.2) in those with
diabetes and increased a similarly small amount in those without the disease.
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Table 2. Changes in smoking, sleep, and weight of ELSA-Brasil participants with and without diabetes during the pandemic.
With Diabetes Without Diabetes
Behavior Pre-Pandemic Durmg. Change Pre-Pandemic During Pandemic Change
Pandemic
N (%) * N (%) * N (%) * 95%CI N (%) * N (%) * N (%) * 95%CI
Non-smoker at baseline 995 91.9 991 99.6 4 0.4 (0.3-0.5) 3881 91.9 3857 99.4 24 0.6 (0.4-0.8)
Smoker at baseline 87 8.1 66 75.8 21 241 (21.5-26.8) 341 8.1 259 75.9 82 24.0 (21.4-26.7)
Sleep ho“;f;:;iﬁimpnate 649 60.0 447 68.9 202 31.1 (28.3-34.0) 2357 55.8 1555 66.0 802 34.0 (31.1-36.9)
_ : *%
Sleep hours—Appropriate 433 40.0 371 85.7 62 14.3 (12.2-16.6) 1865 441 1571 84.2 294 15.8 (26.6-32.3)
at baseline
Decreased weight from - - - - 391 36.1 (33.2-39.1) - - - - 1422 337 (30.8-33.7)
baseline
Increased weight from - - - - 364 336 (30.7-36.6) - - - - 1755 416 (38.6-44.7)
baseline
* Pre-pandemic percentages are column percentages, those for During pandemic and Change are row percentages. ** Appropriate number of hours slept is considered to be more than
7 h per night.
Table 3. Changes (expressed as increases) in sedentary behaviors, alcohol consumption, and physical activity of ELSA-Brasil participants with and without diabetes
during the pandemic.
With Diabetes Without Diabetes
Behavior Pre-Pandemic During Pandemic Change Pre-Pandemic During Pandemic Change
Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI
Time (h/day) in
front of screens 4.8 (3.5-6.2) 6.0 (4.7-7.6) 1.3 (0.66-2.11) 5.1 (3.8-6.5) 6.7 (5.3-8.4) 1.63 (0.9-2.6)
Time (h/day)
sitting or reclining 52 (3.8-6.6) 6.6 (5.2-8.3) 14 (0.8-2.3) 5.8 (4.4-7.3) 7.4 (5.8-9.0) 1.62 (0.9-2.6)
Physical activity
(MET-min/wk) 797 (766-817) 527 (496-557) —270 (—243-—298) 996 (976-991) 643 (614-673) —343 (—314--373)
Alcohol
consumption 198.3 (174-224) 190.9 (168-217) —74 (—=5.9--9.2) 142.1 (122-165) 154.3 (133-177) 122 (10.3-14.4)

(g/week)
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3.5. Relative Difference of Change in Lifestyle Habits during the Pandemic

Table 4 evaluates whether changes in smoking, sleep, and weight differed by diabetes
status. In the crude model, those with diabetes reported a slightly greater frequency of
weight loss (PR = 1.12; 95%CI 1.05-1.19) and a somewhat lesser frequency of reporting
a weight gain (PR = 0.96; 95%CI 0.93-0.99). However, no difference was noted after
sociodemographic factors had been taken into account. Although those with diabetes
reported a lesser frequency of taking up smoking, numbers were very small, and the
adjusted difference was not statistically significant. No other differences were noted.

Table 4. Crude and adjusted * relative difference of change in lifestyle habits during the pandemic
comparing those with diabetes to those without diabetes.

. Model I Model II Model IIT
Behavior
PR 95%CI PR 95%CI PR 95%CI
Non-smoker pre-pandemic 0.81 (0.66-1.00) 0.90 (0.74-1.09) 0.90 (0.75-1.10)
Smoker pre-pandemic 0.99 (0.63-1.65) 0.94 (0.63-1.46) 0.94 (0.63-1.46)
Sleep hours—Inappropriate 1.09 (0.93-1.27) 1.05 (0.94-1.20) 1.05 (0.93-1.19)
pre-pandemic
Sleep hours—Appropriate 1.10 (0.84-1.46) 1.09 (0.85-1.42) 1.12 (0.88-1.46)
pre-pandemic
Decreased weight 1.12 (1.05-1.19) 1.05 (0.96-1.06) 1.01 (0.96-1.07)
Increased weight 0.96 (0.93-0.99) 1.00 (0.96-1.05) 1.00 (0.95-1.05)

* From Poisson regression with robust variance on the differences between the pre-pandemic and pandemic moments.
Model I: crude; Model II: Model I plus sex, age, and center; Model III: Model II plus race and educational attainment.

3.6. Changes in Lifestyle Habits That Occurred during the Pandemic

As shown in Table 5, increases in sedentary habits were numerically less in those with
diabetes, although only for screen time (5.5 min or 0.18 h/day less; 95%CI —0.35-—0.01 h/day)
in the fully adjusted analyses. No differences in the decrease in physical activity, or
significant differences in the change in alcohol consumption, were found when comparing
participants with and without diabetes (—19.6 g/week; 95%CI —51.1-11.9).

Table 5. Crude and adjusted * absolute differences (Diff), comparing those with to those without
diabetes, in changes in lifestyle habits during the pandemic.

) Model 1 Model II Model III
Behavior
Diff 95%ClI Diff 95%ClI Diff 95%ClI

Increase in sedentary time

in front of screens (h) —-0.34 (—0.51--0.17) -0.19 (—0.36——0.01) -0.18 (—0.35-—0.01)
Increase in time sitting or —021 (—0.39-—0.03) —0.08 (—0.27-—0.01) —0.05 (—0.24-0.12)

reclining (h)

Decrease in physical B T B am B _

activity (MET-min/week) 72.1 (—177-33.0) 78.7 (—185-28.4) 64.5 (—171-42.9)
Increase in alcohol ~196 (—51.1-11.9) ~187 (—51.8-14.3) 184 (—51.5-14.6)

consumption (g/week)

* From multiple linear regression. Model I: crude; Model II: Model I plus sex, age, and center; Model III: Model II
plus race and educational attainment.

4. Discussion

Our study reported that civil servants with diabetes increased their sedentary habits,
both sitting or reclining and screen time, during the pandemic compared to the pre-
pandemic period. These sedentary habits were initially slightly lower than in participants
without diabetes, and their increase was less. Approximately one-quarter of the already
small number with diabetes who smoked reported not smoking during the pandemic.
Physical activity decreased while sleep duration improved, and frequent weight changes
were noted. Little difference in the change by diabetes status was noted for other habits.
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To contextualize our survey, when the first participants from the ELSA-Brasil study
responded to our COVID-19 pandemic survey in July 2020, the WHO Director-General
stated that many people who need treatment for diseases such as cancer, cardiovascular
disease, and diabetes would not be receiving health services, including preventive services
they needed since the beginning of the COVID-19 pandemic [22]. Shortly after the last
participants responded, in February 2021, Brazil registered the second-highest number of
deaths during the pandemic and ranked 14th in deaths per capita [23]. Over this period,
34,717 deaths due to COVID-19 were noted in Brazil, many of which occurred during the
collapse of health services in certain areas of the country [6].

ELSA-Brasil participants with diabetes reported changes in multiple risk factors for
the complications of the disease during these early months of the pandemic. Most notably,
changes in movement activities are important in preventing cardiovascular disease, renal
disease, and neurologic complications such as dementia [24-26]. On the other hand, a large
fraction of those with a sleep duration less than recommended in the pre-pandemic period
achieved an adequate sleep duration during the pandemic. Reports of change in weight
during the pandemic were very common, but the frequencies of reported gains and losses
were similar. Although we noted no statistically significant changes in smoking, many
who reported smoking previously had quit. Di Renzo L et al. reported similar findings of
smoking being reduced during the confinement of the pandemic [27]. Perhaps individual
decisions to maximize pulmonary function, given the risk of COVID-19 pneumonia, led to
decreased smoking.

We found alcohol consumption decreased during the pandemic in people with dia-
betes. This differs from some findings in the literature. An increase in the consumption of
alcoholic beverages was evaluated by participants in a Brazilian study during April and
May 2020 [28], which corroborates with what we found in individuals without diabetes.

Diabetes is associated with several factors, such as obesity, increased visceral adipose
tissue, and sleep apnea, which can affect sleep and wakefulness [29,30]. In addition to these
factors, participants’ weight gain, lower energy expenditure, increased sitting or reclining
time, and stress, anxiety, and depression during the pandemic could worsen their sleep.
Sinuraya and colleagues, in a systematic review of sleep problems in patients with diabetes
during the pandemic, found prevalences ranging from 19.2% to 74.2%. They noted factors
such as stress and anxiety, lack of physical activity, and obesity as contributors to inadequate
sleep [31]. A study in Brazil of 120 patients with diabetes followed in public hospitals found
moderate/severe sleeping disorders in 77.5% of patients [32]. However, this study and
most of the studies in the review were small, and some, based on hospital samples, were
probably biased toward patients with more longstanding or severe diabetes. None had
prospective pre-pandemic data to provide a less biased evaluation of the change in sleep
habits [32]. Our data thus suggest that poor sleep among those with diabetes during the
pandemic may be primarily related to their poor sleep in general and that, given financial
and job security permits social isolation with less emotional stress, sleep probably improved
more frequently than it worsened during the crisis. While self-reported gains and losses
in weight during the pandemic were of similar frequency in those with diabetes, caution
must be applied in these data as they are self-reported, and changes in sedentary habits
and physical activity, as we observed, as well as reported by Barone et al. [15], suggest that
weight gains would be more likely than losses.

Our findings of increased sedentary habits and a reduction in physical activity during
the confinement of the pandemic are consistent with others’ reports [15,28]. However,
Renzo et al. report that 38% of respondents reported increased physical activities during
the pandemic [27]. The time participants reported being in front of the screens included time
using television, smartphones, social media, and computers. This finding of an increase
in sedentary habits, given their important role in increasing the risk of metabolic diseases,
cardiovascular and neurodegenerative conditions [33-35], and mental disorders [36], is
perhaps our most important finding. Social isolation can lead to decreased physical activity,
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which can affect the burden of cardiovascular disease [27,32,34,35]. This reduced activity
amplifies the increased risk resulting from more sedentary habits.

Limitations of the current study merit mention. An important one, unfortunately
common to most online research, was the low response rate (59.2%) of our study. Another
relates to what we can consider the social isolation that ELSA participants underwent.
The epidemiological window of the study was initiated a few months after the pandemic
was officially declared in Brazil and covered the approximately eight succeeding months,
during which the impact of the pandemic, in terms of hospitalizations and deaths, was
large and vaccines, except at the very end, were not available. During this period, a varying
load of COVID-19 cases occurred across the country and thus across the catchment areas of
ELSA recruitment centers. As such, social isolation was neither 100% nor uniform across
time and study centers. Our data, therefore, represent average changes which occurred
within a period marked by considerable heterogeneity. An additional consideration is
related to the capacity to generalize our results. Given our participants’ job and income
stability, our findings are most relevant to individuals with diabetes who have the means,
be it due to type of employment, retirement pensions, or adequate social security nets, to
financially weather a long period of social isolation. Unfortunately, this does not represent
the situation of the vast majority of those with diabetes in Brazil, nor in other low- and
middle-income country settings.

Finally, our study has several strengths. It provides prospectively collected data on
risk factors for diabetes complications covering both the pre-pandemic and pandemic
periods, which is to our knowledge missing to date in the literature. The data stem from
a large and long-standing contemporary cohort focused on diabetes and cardiovascular
diseases in Brazil, with participants having already undergone three follow-up visits.

5. Conclusions

The COVID-19 pandemic, when compared to the period before it, in participants
with diabetes from the ELSA-Brasil sample, affected healthy habits, especially related to
movement behaviors, increasing time in front of screens, as well as sitting or reclining,
and decreasing physical activity. Unfortunately, given the risk of additional outbreaks of
emerging infectious diseases and disasters related to civil or military conflicts or climate
change, it is not unreasonable to assume that new periods requiring social isolation will arise
in the future and affect those with diabetes. Thus, to minimize a worsening of behavioral
risk factors for disease complications, especially in terms of increases in sedentary habits
and decreased physical activity, a minimum of contingency planning for actions such
as patient management guidelines and social marketing to stimulate healthy behaviors
during isolation should be undertaken by health systems or relevant societies. Additionally,
compared to other studies, the lesser impact we found on sleep supports government
actions to minimize stress and anxiety by guaranteeing jobs and income over these periods
of stress. Further research will be necessary to document the long-term effects of the
changes noted on disease outcomes. A better understanding of the phenomenon of lifestyle
changes caused by social crises with resultant isolation will aid the implementation of
actions to maintain a healthy lifestyle among those with diabetes in times of social stress.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/covid3100109/s1, Figure S1: The flowchart of participants selected
after inclusions and exclusions criteria.

Author Contributions: Conceptualization, W.J.D. and B.B.D.; Data curation, W.J.D., M.1.S., RH.G.
and B.B.D.; Funding acquisition: R H.G., M.I.S. and B.B.D.; Methodology, W.].D. and B.B.D.; Formal
analysis, W.].D.; Software, W.].D.; Writing—original draft, W.J.D.; Writing—review and editing,
WJ].D., B.B.D.,, M.IS. and RH.G. All authors have read and agreed to the published version of
the manuscript.



COVID 2023, 3 1609

Funding: This work was supported by the Brazilian Ministry of Health (Science and Technology
Department) and the Brazilian Ministry of Science and Technology (Project and Study Funding Body
and the National Council for Scientific and Technological Development, CNPq) [grant numbers 01 06
0010.00 and 405545/2015-0 RS; 0106 0212.00 and 405551/2015-0 BA; 01 06 0300.00 and 405543 /2015-8
ES; 0106 0278.00 and 405552 /2015-7 MG; 01 06 0115.00 and 405547 /2015-3 SP; and 01 06 0071.00
and 405544 /2015-4 R]], and by the Coordination Office for the Improvement of Higher-Education
Personnel (CAPES) Academic excellence program—PROEX (W]D).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by ELSA-Brasil and by the Ethics Committees of Hospital de Clinicas
de Porto Alegre (under the registration number 1.893.463 and 4.023.601), Hospital Universitario
da Universidade de Sao Paulo (1.801.270 and 4.040.042), Fundagao Oswaldo Cruz (1.900.315 and
4.063.982), Universidade Federal de Minas Gerais (47125015.4.1001.5149), Universidade Federal da
Bahia (1.930.817 and 4.067.184) and Universidade Federal do Espirito Santo (041/06).

Informed Consent Statement: Written informed consent has been obtained from the participant(s)
to participate in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to restrictions on permitted uses and
disclosure of data.

Acknowledgments: The authors thank the support of all participants and researchers from ELSA-Brasil.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Johns Hopkins Coronavirus Resource Center. Coronavirus COVID-19 Global Cases by the Center for Systems Science and Engineering
(CSSE); Johns Hopkins Coronavirus Resource Center: Baltimore, MD, USA, 2020.

2. World Health Organization. Coronavirus Disease (COVID-19) Pandemic; World Health Organization: Geneva, Switzerland, 2020.

3.  Derrer-Merk, E.; Reyes-Rodriguez, M.F.; Soulsby, L.K.; Roper, L.; Bennett, K.M. Older adults” experiences during the COVID-19
pandemic: A qualitative systematic literature review. BMC Geriatr. 2023, 23, 580. [CrossRef]

4. Nour, T.Y.; Altintas, K.H. Effect of the COVID-19 pandemic on obesity and it is risk factors: A systematic review. BMC Public
Health 2023, 23, 1018. [CrossRef]

5. Li, X,; Li, J.; Qing, P.; Hu, W. COVID-19 and the Change in Lifestyle: Bodyweight, Time Allocation, and Food Choices. Int. J.
Environ. Res. Public Health 2021, 18, 10552. [CrossRef]

6.  Ministério da Satde (BR). Secretaria de Vigilancia em Satde. Coronavirus Brasil. 2020. Available online: https://covid.saude.gov.
br/ (accessed on 10 September 2023).

7. Vital Strategies. Covitel: Telephone Survey of Risk Factors for Non-Communicable Chronic Diseases in Pandemic Times. Brazil.
2022. Available online: https://www.vitalstrategies.org/wp-content/uploads/Covitel-Inque%CC%81rito-Telefo%CC%82
nico-de-Fatores-de-Risco-para-Doenc%CC%A7as-Cro%CC%82nicas-na%CC%830-Transmissi%CC%81veis-em-Tempos-de-
Pandemia.pdf (accessed on 19 December 2022).

8.  Centers for Disease Control and Prevention. National Diabetes Statistics Report | Diabetes | CDC; Centers for Disease Control and
Prevention: Washingtion, DC, USA, 2022.

9.  Eastin, C.; Eastin, T. Clinical Characteristics of Coronavirus Disease 2019 in China. J. Emerg. Med. 2020, 58, 711-712. [CrossRef]

10. Onder, G.; Rezza, G.; Brusaferro, S. Case-Fatality Rate and Characteristics of Patients Dying in Relation to COVID-19 in Italy.
JAMA 2020, 323, 1775-1776. [CrossRef] [PubMed]

11.  Yang, J.; Zheng, Y.; Gou, X.; Pu, K; Chen, Z.; Guo, Q.; Ji, R.; Wang, H.; Wang, Y.; Zhou, Y. Prevalence of comorbidities and its
effects in patients infected with SARS-CoV-2: A systematic review and meta-analysis. Int. ]. Infect. Dis. IJID Off. Publ. Int. Soc.
Infect. Dis. 2020, 94, 91-95. [CrossRef] [PubMed]

12. Yang, X.; Yu, Y,; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered, retrospective, observational study. Lancet Respir.
Med. 2020, 8, 475-481. [CrossRef]

13.  Zhang,].J.; Dong, X.; Cao, Y.Y,; Yuan, Y.D.; Yang, Y.B.; Yan, Y.Q.; Akdis, C.A.; Gao, Y.D. Clinical characteristics of 140 patients
infected with SARS-CoV-2 in Wuhan, China. Allergy 2020, 75, 1730-1741. [CrossRef]

14. Zhou, F; Yu, T.; Du, R;; Fan, G.; Liu, Y;; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

15. Barone, M.T.U.; Harnik, S.B.; de Luca, P.V.; de Souza Lima, B.L.; Wieselberg, R]J.P.; Ngongo, B.; Pimazoni-Netto, A.; Franco, D.R.;

de Souza, M.d.EM.; Malta, D.C.; et al. The impact of COVID-19 on people with diabetes in Brazil. Diabetes Res. Clin. Pract. 2020,
166, 108304. [CrossRef]



COVID 2023, 3 1610

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ugliara Barone, M.T.; Harnik, S.B.; Chaluppe, M.; Vieira de Luca, P.; Ngongo, B.; Pedrosa, H.C.; Pirolo, V.; Franco, D.R.; Malta, D.C,;
Giampaoli, V. Decentralized COVID-19 measures in Brazil were ineffective to protect people with diabetes. Diabetes Metab. Syndr.
2020, 14, 1973-1978. [CrossRef] [PubMed]

Powers, M.A.; Bardsley, J.; Cypress, M.; Duker, P; Funnell, M.M.; Fischl, A.H.; Maryniuk, M.D.; Siminerio, L.; Vivian, E. Diabetes
Self-management Education and Support in Type 2 Diabetes: A Joint Position Statement of the American Diabetes Association,
the American Association of Diabetes Educators, and the Academy of Nutrition and Dietetics. Clin. Diabetes Publ. Am. Diabetes
Assoc. 2016, 34, 70-80. [CrossRef]

Schmidt, M.I;; Duncan, B.B.; Mill, J.G.; Lotufo, PA.; Chor, D.; Barreto, S.M.; Aquino, E.M.; Passos, VM.A.; Matos, S.M.;
Molina, M.d.C.B.; et al. Cohort Profile: Longitudinal Study of Adult Health (ELSA-Brasil). Int. J. Epidemiol. 2015, 44, 68-75.
[CrossRef] [PubMed]

Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hazen, N.; Herman, J.; Katz, E.S.; Kheirandish-
Gozal, L.; et al. National Sleep Foundation’s sleep time duration recommendations: Methodology and results summary. Sleep
Health 2015, 1, 40-43. [CrossRef] [PubMed]

Smyth, A.; Jenkins, M.; Dunham, M.; Kutzer, Y.; Taheri, S.; Whitehead, L. Systematic review of clinical practice guidelines
to identify recommendations for sleep in type 2 diabetes mellitus management. Diabetes Res. Clin. Pract. 2020, 170, 108532.
[CrossRef]

Vézina-Im, L.A.; Morin, C.M.; Desroches, S. Sleep, Diet and Physical Activity among Adults Living with Type 1 and Type 2
Diabetes. Can. J. Diabetes 2021, 45, 659-665. [CrossRef]

COVID-19 Significantly Impacts Health Services for Noncommunicable Diseases. Available online: https:/ /www.who.int/news/
item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases (accessed on 25 August 2023).
Weekly Epidemiological Update-23 February 2021. Available online: https://www.who.int/publications/m/item/weekly-
epidemiological-update (accessed on 23 February 2021).

MacKinnon, H.J.; Wilkinson, T.J.; Clarke, A.L.; Gould, D.W.; O’Sullivan, T.F,; Xenophontos, S.; Watson, E.L.; Singh, S.J.; Smith, A.C.
The association of physical function and physical activity with all-cause mortality and adverse clinical outcomes in nondialysis
chronic kidney disease: A systematic review. Ther. Adv. Chronic Dis. 2018, 9, 209-226. [CrossRef]

Reyes-Bueno, J.A.; Mena-Vazquez, N.; Ojea-Ortega, T.; Gonzalez-Sotomayor, M.M.; Cabezudo-Garcia, P.; Ciano-Petersen, N.L.;
Pons-Pons, G.; Castro-Sanchez, M.; Serrano-Castro, P. Case fatality of COVID-19 in patients with neurodegenerative dementia.
Neurologia 2020, 35, 639-645. [CrossRef]

Robinson-Cohen, C.; Littman, A.J.; Duncan, G.E.; Weiss, N.S.; Sachs, M.C.; Ruzinski, J.; Kundzins, J.; Rock, D.; de Boer, L.H.;
Ikizler, T.A.; et al. Physical activity and change in estimated GFR among persons with CKD. J. Am. Soc. Nephrol. JASN 2014, 25,
399-406. [CrossRef]

Di Renzo, L.; Gualtieri, P; Pivari, F; Soldati, L.; Attina, A.; Cinelli, G.; Leggeri, C.; Caparello, G.; Barrea, L.; Scerbo, F; et al. Eating
habits and lifestyle changes during COVID-19 lockdown: An Italian survey. J. Transl. Med. 2020, 18, 229. [CrossRef]

Malta, D.C.; Szwarcwald, C.L.; Barros, M.B.d.A.; Gomes, C.S.; Machado, LE.; Souza Junior, PR.B.d.; Romero, D.E.; Lima, M.G.;
Damacena, G.N.; Pina, M.d.E. The COVID-19 Pandemic and changes in adult Brazilian lifestyles: A cross-sectional study, 2020.
Epidemiol. Serv. Satide 2020, 18, 229.

Stanton, R.; To, Q.G.; Khalesi, S.; Williams, S.L.; Alley, S.J.; Thwaite, T.L.; Fenning, A.S.; Vandelanotte, C. Depression, Anxiety and
Stress during COVID-19: Associations with Changes in Physical Activity, Sleep, Tobacco and Alcohol Use in Australian Adults.
Int. J. Environ. Res. Public Health 2020, 17, 4065. [CrossRef]

Gupta, S.; Tang, C.; Higgs, P. Social isolation during COVID-19: Boon or bane to diabetes management. Diabetes Metab. Syndr.
2020, 14, 567-568. [CrossRef] [PubMed]

Sinuraya, B.; Sriyono, S.; Armini, N.K.A.; Santosa, D.A.; Acob, ].R. Sleep problems in patients with diabetes mellitus during the
pandemic COVID-19: A systematic review. Int. J. Health Sci. 2022, 6, 14624-14635. [CrossRef]

Alessi, J.; de Oliveira, G.B.; Franco, D.W.; Brino do Amaral, B.; Becker, A.S.; Knijnik, C.P.; Kobe, G.L.; de Carvalho, T.R.; Telo, G.H;
Schaan, B.D.; et al. Mental health in the era of COVID-19: Prevalence of psychiatric disorders in a cohort of patients with type 1
and type 2 diabetes during the social distancing. Diabetol Metab. Syndr. 2020, 12, 76. [CrossRef]

Zaccagni, L.; Toselli, S.; Barbieri, D. Physical Activity during COVID-19 Lockdown in Italy: A Systematic Review. Int. . Environ.
Res. Public Health 2021, 18, 6416. [CrossRef]

Ray, J.L.; Srinath, R.; Mechanick, J.I. The Negative Impact of Routine, Dietary Pattern, and Physical Activity on Obesity and
Dysglycemia During the COVID-19 Pandemic. Am. J. Lifestyle Med. 2022, 17, 219-230. [CrossRef] [PubMed]



COVID 2023, 3 1611

35. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BM] Open Sport Exerc.
Med. 2021, 7, 000960. [CrossRef]

36. Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in Physical Activity and Sedentary
Behavior in Response to COVID-19 and Their Associations with Mental Health in 3052 US Adults. Int. ]. Environ. Res. Public
Health 2020, 17, 6469. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



