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ABSTRACT

Introduction: The COVID-19 pandemic led to
an international health crisis and restrictions.
While the phenotype associated with COVID-
19 severity in people with diabetes has rapidly
been explored, the impact of restrictive mea-
sures, including lockdown, and tertiary care
disruption on metabolic control and access to
healthcare remained unknown. The aim of our
study was to provide a comprehensive assess-
ment on the overall management of diabetes
during lockdown, including glucose control,
weight changes, health care consumption and
use of alternative forms of care such as tele-
medicine services, in a large sample of patients
with type 1 (T1DM) or type 2 diabetes mellitus
(T2DM).
Methods: A prioritization of a care self-admin-
istered questionnaire was sent at the end of the
first COVID-19 lockdown to all patients with
diabetes routinely followed by diabetologists
from the University Hospital of Nancy (France).

This observational cross-sectional single-center
study focused on data from patients with dia-
betes who returned the questionnaire along
with medical records. The primary outcome was
the change in HbA1c levels between the 6
months preceding and the 6 weeks following
the lockdown. Data are expressed as numbers
(%) or medians (quartiles). This study is regis-
tered with ClinicalTrials.gov (NCT04485351).
Results: We analyzed data from 870 patients
with diabetes: 549 T2DM (63.1%), 520 males
(59.8%), age 65.0 (57.0, 72.0), body mass index
28.6 (25.1, 32.9) and diabetes duration 20.0
(10.0, 30.0) years. HbA1c levels pre- and post-
lockdown were respectively 7.7% (7.1, 8.4) and
7.4% (6.8, 8.2), translating into a significant
reduction of - 0.1% (- 0.6, 0.15) (p\ 0.0001).
Stratified analyses suggested a consistent sig-
nificant reduction of HbA1c independently of
diabetes type. HbA1c reduction was signifi-
cantly different according to weight changes:
- 0.3% (- 0.8, 0.0), - 0.1% (- 0.5, 0.1) and
- 0.1% (- 0.5, 0.3) for patients who lost, had
stable or gained weight, respectively
(p = 0.0029). Respectively, 423 (49.4%) and 790
(92.3%) patients did not consult their general
practitioner and diabetologist. Blood tests were
undergone by 379 (44.8%) patients, 673
(78.3%) did refill their prescriptions, and 269
(32.1%) used teleconsultation services.
Conclusions: Despite the implementation of a
lockdown and disruption in healthcare, no
deterioration, rather an improvement, in
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metabolic control was observed in a large sam-
ple of patients with T1DM and T2DM.

Keywords: COVID-19; Diabetes; Healthcare
consumption; Lockdown; Metabolic control;
Telemedicine

Key Summary Points

Why carry out this study?

COVID-19 pandemic has enforced
restrictions, including lockdown and stay-
at-home orders.

The impact of the lockdown itself and
tertiary care disruption on metabolic
control and access to healthcare in
patients with diabetes are discussed.

No comprehensive assessment of the
overall management of diabetes during
lockdown, including glucose control,
weight changes, health care consumption
and use of alternative forms of care such
as telemedicine services, was performed in
a large sample of patients with both T1DM
and T2DM.

What was learned from the study?

Metabolic control of patients with type 1
and type 2 diabetes improved during
lockdown.

Weight changes during lockdown were
associated with different metabolic
outcomes.

Drastic reductions in routine healthcare
consumption were observed during
lockdown, but continuity of care was
ensured through strong mobilization of
primary care lines.

INTRODUCTION

In late 2019, the emergence of a new coron-
avirus in Wuhan (China) that causes severe

acute respiratory syndrome (SARS-CoV-2) led to
a global pandemic and an unprecedented
international health crisis [1, 2]. Since then,
exceptional measures have been taken by gov-
ernments worldwide, guided by public health
authorities, to slow the virus’ spread and pre-
vent healthcare systems from becoming over-
loaded. In France, a national lockdown was
established with stay-at-home orders for
approximately 2 months (from 16 March to 13
May 2020) to increase social distancing and
restrict population movements. In addition,
hospital routine care appointments were can-
celled to reallocate medical resources toward
coronavirus disease-2019 (COVID-19) units and
to limit contacts between patients in hospitals
or waiting rooms. Based on several epidemio-
logical studies [3–5], the French High Council
for Public Health considered some patients with
underlying medical conditions as being at
higher risk from SARS-CoV-2, including patients
with diabetes, who were either uncontrolled or
presenting with secondary complications, and
advised extreme caution [6]. While these mea-
sures certainly helped to contain the pandemic
and keep vulnerable patients safe, they also
generated a drastic decrease in the use of non-
COVID-19 medical care [7]. A popular French
medical appointment scheduling platform
notably recorded a 44% drop in the activity of
general practitioners (GP) and 71% of specialist
physicians between January and April 2020 [8].
Reasons for renouncement to healthcare inclu-
ded fear of being infected (38%), fear of dis-
turbing the physician (28%) and medical office
closure (17%). Additionally, stay-at-home
orders have enforced changes in daily habits,
including limitation of physical activity, chan-
ges in diet or even in stress and anxiety levels,
which may have affected glycemic control or
treatment adherence in patients with diabetes
[9]. Indeed, two studies conducted among
patients with type 2 diabetes (T2DM) reported
adverse changes in dietary patterns and food
cravings following COVID-19 confinement,
specifically an increase in carbohydrate, sugary
food and snacks intake while physical activity
decreased, though glycated hemoglobin
(HbA1c) was not assessed [10, 11]. A third study
reported a non-significant increase in weight,
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HbA1c and fasting glucose [12]. Conversely,
several studies have showed either neutral or
beneficial effects of lockdown, specifically in
type 1 diabetes (T1DM) using continuous or
flash glucose monitoring (CGM/FGM), suggest-
ing that having a more regular lifestyle and
more time for self-management may help
improve glucose control, at least in the short
term [13–18].

As no comprehensive assessment of diabetes
management was performed, we hypothesized
that the ‘‘lockdown effect’’ could have affected
patients with diabetes beyond glucose metrics.
Hence, we conducted a cross-sectional study in
a large population sample of patients with
T1DM and T2DM aiming at assessing the global
impact of the lockdown and stay-at-home
orders due to COVID-19 on metabolic control
and healthcare consumption.

METHODS

Study Design and Participants

The CONFI-DIAB study was an observational
cross-sectional single-center study in a tertiary
care center (University Hospital of Nancy,
France) aiming at describing the impact of the
COVID-19 lockdown on metabolic control and
access to healthcare in a population sample of
patients with diabetes.

The study was sponsored by the Regional
University Hospital of Nancy. The protocol was
declared and approved by the local Institutional
Ethics Committee ([Comité d’Ethique du CHRU de
Nancy], Ref. saisine n�CO-21). This study is reg-
istered with ClinicalTrials.gov, number
NCT04485351. The study was conducted in
accordance with the Declaration of Helsinki
1964 and its later amendments. According to
the European General Data Protection Regula-
tion, all subjects were informed that their data
might be used for research purposes and of their
right to prevent their data from being pro-
cessed. Patients who objected to the reuse of
their data were not included in this study, in
accordance with French legislation. Results are
reported in accordance with the STROBE
statement.

Procedures

To identify patients who urgently needed
medical care at the end of the first COVID-19
lockdown in France, a self-administered ques-
tionnaire was sent the week before the end of
the lockdown by postal mail to all people with
diabetes who were being followed for routine
care within the 6 months prior to the lockdown
by a diabetologist from the Regional University
Hospital of Nancy, France (N = 2076). We ana-
lyzed data from all adult patients with diabetes
known for at least 6 months who returned the
fulfilled prioritization of care questionnaire
along with data from existing medical records
for the purpose of our study.

Outcomes

The primary outcome was the change in HbA1c
levels between the period preceding and fol-
lowing the COVID-19 lockdown implemented
from 17 March 2020 to 11 May 2020 (55 con-
secutive days). Data from the 6 months pre-
ceding the start of the lockdown (± 1 week),
between 18 September 2019 and 24 March
2020, were compared with data from the
6 weeks following the end of the lockdown,
between 11 May 2020 and 20 June 2020. Pri-
mary endpoint analysis was based on patients
with self-reported and/or laboratory confirmed
HbA1c levels available pre- and post-lockdown.
A sensitivity analysis based on the type of col-
lected HbA1c levels (laboratory confirmed or
self-reported) was performed to assess for
robustness.

Secondary outcomes were: (1) pre- and post-
lockdown biological characteristics, (2) propor-
tion of patients reporting changes in weight,
physical activity or alcohol/tobacco consump-
tion, (3) incidence of clinically significant
events including ketosis, ketoacidosis, severe
hypoglycemia and hospitalization, (4) propor-
tion of people who forgot and/or discontinued
one or several medication(s), (5) consumption
of care and medical goods and (6) COVID-19
infection rate.

Stratified analyses for the primary outcome
were conducted according to diabetes type
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(T1DM versus T2DM versus other), baseline age
(B 65 versus[ 65), self-reported weight change
between pre- and post-lockdown periods (loss
versus stable versus gain), self-reported treat-
ment compliance (patients who reported hav-
ing forgotten or interrupted any of their
medication during lockdown versus those who
did not) and healthcare consumption (people
who benefited from a face-to-face or remote
consultation with their GP and/or diabetologist
during lockdown versus those who did not).

Measures

Data collection was performed by a physician
and double-checked by a pharmacist. Data col-
lected from medical records included: baseline
age, gender, type of diabetes, weight, height,
type of urban area and diabetes duration; labo-
ratory-confirmed HbA1c levels (pre- and post-
lockdown); biological parameters including
hemoglobin, thyroid stimulating hormone
(TSH), fasting blood glucose, hepatic profile,
lipid profile, serum creatinine and estimated
glomerular filtration rate (eGFR) using the
Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) formula, microalbuminuria
and urine albumin-to-creatinine ratio (UACR);
comorbidities including cardiovascular disease
(myocardial infarction, stroke or transient
cerebrovascular attack, coronaropathy, cardio-
vascular surgery, chronic heart failure NYHA
class III or IV, peripheral artery disease), hyper-
tension, nephropathy (microproteinuria and/or
macroproteinuria and/or eGFR B

60 ml min–1 [1.73 m] –2 [CKD-EPI]), neuropathy
(sensory or motor peripheral neuropathy, neu-
ropathic pain) and diabetic retinopathy (mild,
moderate and severe non-proliferative and
proliferative). Self-reported data included: self-
reported HbA1c (pre- and post-lockdown);
changes in weight (loss, stable or gain; absolute
value), physical activity (intensity and fre-
quency), alcohol consumption (absolute and
relative) and tobacco consumption (smokers
proportion, smoking relapse) between pre- and
post-lockdown periods; self-reported occurrence
of severe hypoglycemia, ketosis and ketoacido-
sis; treatments including doses and compliance

estimates; COVID-19 infection status and clini-
cal evolution; self-reported healthcare con-
sumption during lockdown (face-to-face or
remote visit with a GP, diabetologist, nurse,
pharmacist and/or bio-medical laboratory) and
related reasons.

Statistical Analysis

Data were analyzed using SAS v9.4. Categorical
data are expressed as numbers and percentages;
continuous data are expressed as median asso-
ciated with quartile values. Differences between
pre- and post-lockdown were assessed using the
Wilcoxon signed rank test when both measures
were available. Sensitivity analyses based on
subgroups were performed using Wilcoxon test
or Kruskal-Wallis test. A p-value\ 0.05 was
considered statistically significant.

RESULTS

Demographic and Clinical Characteristics

This analysis focused on 870 patients with dia-
betes: 520 (59.8%) were male, age was 65.0
(57.0, 72.0) years, BMI was 28.6 (25.1, 32.9), 549
(63.1%) had T2DM (T1DM, 30.7%), and dia-
betes duration was 20.0 (10.0, 30.0) years. Main
clinical and biological characteristics of study
participants are shown in Tables 1 and 2.

Changes in HbA1c

HbA1c levels pre- and post-lockdown were
respectively of 7.7% (7.1, 8.4) and 7.4% (6.8,
8.2), which translated into a significant reduc-
tion between the two periods of - 0.1% (- 0.6,
0.15) (p\ 0.0001) (Table 3). Sensitivity analyses
conducted in patients with either biologically
confirmed only or self-reported only HbA1c
found similar significant reductions in the pri-
mary outcome.

Clinical Self-Assessment

From pre- to post-lockdown periods, 32.1% and
15.9% of patients reported respectively weight
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Table 1 Baseline clinical characteristics of 870 included patients

Clinical features N Value

Gender: male 870 520 (59.8)

Age, years 870 65.0 (57.0, 72.0)

BMI, kg/m2 870 28.6 (25.1, 32.9)

Type of diabetes 870

T1DM 267 (30.7)

T2DM 549 (63.1)

Other types 54 (6.2)

Duration of diabetes: years 868 20.0 (10.0, 30.0)

Type of urban area 870

Big urban areas: centers 440 (50.6)

Big urban areas: peripheries 276 (31.7)

Medium urban areas 9 (1.0)

Small urban areas 33 (3.8)

Other communes 32 (3.7)

Isolated communes 23 (2.6)

Out of region 57 (6.6)

Comorbidities

Cardiovascular disease (excluding hypertension) 863 457 (53.0)

Hypertension 864 661 (76.5)

Nephropathy 863 360 (41.7)

Neuropathy 861 337 (39.1)

Diabetic retinopathy 862 391 (45.4)

Antidiabetic medication

Any OADs and/or GLP-1 RA 870 475 (54.6)

1 agent 221 (25.4)

2 agents 174 (20.0)

3 or more agents 80 (9.2)

Any insulin 870 711 (81.7)

Insulin injection therapy 870 518 (59.5)a

Basal insulin only 126 (14.5)

Rapid insulin only 5 (0.6)

Basal and rapid insulins 344 (39.5)

Other insulin regimens 43 (4.9)
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gain (? 2.0 kg [2.0, 4.0]) and weight loss
(- 2.5 kg [- 4.0, - 2.0]). Respectively, 9.2%,
45.8% and 45.0% of patients reported higher,
similar and lower levels of physical activity than
usual. In addition, duration and frequency of
physical activity were assessed as being of
30 min once or twice per week in 48.1%, three
or four times per week in 24.1% and five times
or more per week in 27.8% of patients. Eighty-
five (10.0%) patients were smokers and 21
(2.6%) resumed smoking during lockdown.
Regarding alcohol, 656 (90.9%) people reported

consuming fewer than two drinks per day for
women or three for men during lockdown. This
consumption was estimated to be higher, usual
and lower than usual in respectively 41 (5.9%),
577 (83.1%) and 76 (11.0%) people.

Severe hypoglycemia episodes have been
reported by 36 (4.3%) of 840 patients, while 21
(2.8%) of 756 reported an episode of ketosis/
ketoacidosis. Twelve patients reported RT-PCR
confirmed COVID-19, including four COVID-
19-related hospitalization (three within an
intensive care unit).

Table 1 continued

Clinical features N Value

Insulin doses, IU 518 45.0 (27.0, 72.0)

Number of daily injections 518 4 (1.0,4.0)

Insulin pump use 870 197 (22.6)a

Insulin doses, IU 38.7 (24.1, 53.0)

Blood glucose monitoring device use 870 835 (96.9)

Blood glucose meter and test strips 422 (50.5)

Flash glucose monitoring 390 (46.7)

Other glucose sensor 6 (0.7)

Sensor-augmented insulin pump 17 (2.0)

Other long-term medication

Any cardiovascular 870 693 (79.7)

1 agent 133 (15.3)

2 agents 133 (15.3)

3 or more agents 427 (49.1)

Any antiplatelet 870 390 (44.8)

Any lipid lowering 870 537 (61.7)

Data are median (quartile 1,quartile 3) or n (%)
Cardiovascular disease included: myocardial infarction, stroke or transient cerebrovascular attack, coronaropathy, cardio-
vascular surgery, chronic heart failure NYHA class III or IV, and peripheral artery disease; nephropathy included micro-
proteinuria and/or macroproteinuria and/or eGFR B 60 ml min–1 (1.73 m)–2, using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula; neuropathy included sensory or motor peripheral neuropathy and
neuropathic pain; retinopathy included mild, moderate and severe non-proliferative and proliferative stages
N number of patients with available data, BMI body mass index, T1DM type 1 diabetes mellitus, T2DM type 2 diabetes
mellitus, OADs oral antidiabetic drugs, GLP-1 RA glucagon-like peptide-1 receptor agonists, IU international units
a One patient used an insulin pump and multiple daily injection
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Changes in Biological Parameters

No significant change in biological parameters
between pre- and post-lockdown period was
observed, with the exception of minor but sig-
nificant changes in hepatic aspartate-amino-
transferase AST (? 2.0 IU/l (- 1.0, 6.0);
p\0.0001), creatinine (0.1 mg/l; (- 0.5, 0.8);
p\0.0001) and eGFR (- 0.8 ml/min/1.73 m2

(- 5.0, 3.6); p\0.02).

Healthcare Consumption During
Lockdown and Discontinuation Reasons

Respectively, 423 (49.4%) and 790 (92.3%)
patients did not consult their GP and diabetol-
ogist (Table 4). One hundred ninety-five
(23.0%) patients were supported with home
nursing care. Blood tests were done by 379

(44.8%) patients, while 673 (78.3%) did refill
their prescriptions. Two hundred sixty-nine
(32.1%) patients used teleconsultation services
at least once. Among them, 43.4% reported an
online visit with their GP, 47.9% with their
diabetologist and 30.5% with their diabetes
specialist nurse. Among the 569 patients who
did not use teleconsultation services, 87.6%
reported absence of need and 10.0% did not
have internet access. Finally, 716 (86.4%)
patients reported being well informed about
teleconsultation services (access to remote
medical services and medical prescription,
health insurance cover) and 588 (71.5%) would
not be willing to use remote medical services for
future routine clinical practice.

Table 2 Baseline biological parameters of 870 included patients

Biological features N Median (Q1, Q3)

Blood glucose, g/l 406 1.48 (1.19, 1.92)

Total cholesterol, g/l 524 1.60 (1.37, 1.86)

HDL cholesterol, g/l 511 0.46 (0.38, 0.59)

LDL cholesterol, g/l 493 0.83 (0.64, 1.03)

Triglycerides, g/l 525 1.15 (0.80, 1.69)

Hemoglobin, g/dl 593 13.80 (12.60, 14.90)

TSH, mIU/l 410 1.78 (1.07, 2.44)

ASAT-SGOT, U/l 558 20.00 (16.00, 26.00)

ALAT-SGPT, U/l 561 21.00 (16.00, 31.00)

Gamma-GT, IU/l 436 30.00 (18.00, 55.00)

Creatinine, mg/l 624 9.00 (7.40, 11.25)

eGFR [CKD-EPI], ml/min/1.73m2 620 81.75 (61.15, 90.00)

Microalbuminuria, mg/l 273 9.50 (3.60, 33.40)

UACR, mg/g 193 10.00 (4.78, 31.50)

N number of patients with available data, Q1,Q3 quartile 1, quartile 3, HDL high-density lipoproteins, LDL low-density
lipoproteins, TSH thyroid-stimulating hormone, ASAT-SGOT aspartate aminotransferase, ALAT-SGPT alanine
transaminase, Gamma-GT gamma-glutamyl transferase, eGFR (CKD-EPI) estimated glomerular filtration rate (eGFR) using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula, UACR urine albumin-to-creatinine ratio
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Treatment Compliance

During the lockdown, 83 patients (9.7%)
reported forgetting to take their medication,
mostly with a frequency of once per month
(40.0%) or once per week (25.0%). Medications

involved were mainly antidiabetics, cardiovas-
cular and to a lesser extent lipid-lowering agent.
Twenty patients (2.4%) discontinued their
medication, including six discontinuations for
medical reasons, five for unavailable prescrip-
tion and nine for various personal reasons.

Table 3 Glycated hemoglobin levels and comparison between pre- and post-lockdown periods

N Mean (SD) Median (Q1,Q3) p value*

HbA1c (%) pre-lockdown 831 7.82 (1.20) 7.70 (7.10,8.40) NA

HbA1c (%) post-lockdown 700 7.58 (1.13) 7.40 (6.80,8.20) NA

Change in any HbA1c (%) between pre- and

post-lockdown periodsa
660 - 0.21 (0.8) -0.1 (-0.6,0.15) \ 0.0001

Change in biologically confirmed only HbA1c (%)

between pre- and post-lockdowna
473 - 0.24 (0.86) -0.2 (-0.6,0.1) \ 0.0001

Change in self-reported only HbA1c (%) between

pre- and post-lockdowna
521 - 0.18 (0.70) -0.1 (-0.5,0.1) \ 0.0001

N number of patients with available data, SD standard deviation, Q1–Q3 quartile 1, quartile 3, NA not applicable, HbA1c
glycated hemoglobin levels
a Evolution was computed through the difference between post- and pre-median levels
* Based on Wilcoxon signed rank test

Table 4 Proportion of patients reporting absence of healthcare utilization and related reasons during lockdown

Type of HCP Patients
reporting
absence of
HCP visit

Reasons related to the absence of HCP visit (%)a

N n % Absence of
need

Fear of SARS-CoV-2
infection

Unavailable
HCP

Other
reason

General practitioner 856 423 49.4 74.8 9.5 7.7 14.0d

Diabetologist 856 790 92.3 71.8 5.9 8.3 16.6e

Nurse 846 651 77.0 94.7 3.1 1.3 1.8

Pharmacist 859 186 21.7 93.0b 3.2 0.0 1.2

Bio-medical

laboratory

846 467 55.2 57.2c 11.7 3.5 13.2

HCP healthcare provider, N number of patients with available data, n number of patients reporting absence of HCP visit
a Patients were allowed to report one or more reasons related to the absence of HCP visit
b Patients had sufficient medication supply
c Patients did have blood tests done shortly before lockdown
d Among main reported other reasons were face-to-face replaced by online consultation and lockdown spent abroad
e Among main reported other reasons were face-to-face replaced by online consultation, postponed or cancelled
appointment and monitoring by a diabetes specialist nurse
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Stratified Analyses

Even though pre- and post-lockdown HbA1c
levels were significantly different across diabetes
types, stratified analyses of the primary out-
come suggested a consistent significant reduc-
tion of HbA1c during lockdown independently
of diabetes type (Table 5). Furthermore, a sig-
nificantly different reduction in HbA1c was
found in participants who lost weight, had
stable weight or weight gain during lockdown,
respectively, - 0.3% (- 0.8, 0.0), - 0.1%

(- 0.5, 0.1) and - 0.1% (- 0.5, 0.3) (p = 0.0029)
(Table 6). Detailed weight changes according to
T1DM and T2DM subgroups were respectively
as follows: baseline weight of 74.0 kg (64.0,
83.5) and 87.5 kg (78.0, 100.0); weight gain in
30.2% (? 2.0 kg [1.5, 3.0]) and 34.0% (? 3.0 kg
[2.0, 4.0]) of patients; weight loss in 18.1%
(- 2.0 kg [- 1.5, - 3.0]) and 15.0% (- 3.0 kg
[- 2.0, - 4.0]) of patients. Finally, no hetero-
geneity on HbA1c change was found across
subgroups based on age, self-reported treatment
compliance or healthcare consumption.

Table 5 Glycated hemoglobin levels and comparison between pre- and post-lockdown periods according to diabetes types

T1DM
n = 267 (30.7%)

T2DM
n = 549 (63.1%)

Other types
n = 54 (6.2%)

p value*

N Median Q1, Q3 N Median Q1, Q3 N Median Q1, Q3

HbA1c (%) pre-lockdown 260 7.8 7.4, 8.4 519 7.6 6.9, 8.4 52 7.6 6.8, 8.3 0.0014

HbA1c (%) post-lockdown 206 7.6 7.1, 8.3 449 7.3 6.7, 7.8 45 7.2 6.7, 7.8 0.0002

Changes in HbA1c (%)

between pre- and post-

lockdowna

197 - 0.2 - 0.5, 0.1 421 - 0.1 - 0.6, 0.2 42 - 0.2 - 0.5, 0.0 0.6152

T1DM type 1 diabetes mellitus, T2DM type 2 diabetes mellitus, n number of patients within the study, N number of
patients with available data, Q1–Q3 quartile 1, quartile 3, HbA1c glycated hemoglobin levels (biologically confirmed and/or
self-reported)
a Difference (post—pre levels) were computed
* Based on Kruskal-Wallis test

Table 6 Glycated hemoglobin levels and comparison between pre- and post-lockdown periods according to weight changes

Weight loss
n = 129 (15.9%)

Stable weight
n = 417 (51.3%)

Weight gain
n = 267 (32.8%)

p value*

N Median Q1, Q3 N Median Q1, Q3 N Median Q1, Q3

Baseline weight (kg) 129 80.0 70.0,94.8 417 80.0 70.0, 93.0 267 84.0 74.0, 97.3 NA

Declared absolute

weight change (kg)

126 2.5 - 4.0, - 2.0 NA NA NA 258 2.0 2.0, 4.0 NA

Change in HbA1c

(%) between pre-

and post-

lockdowna

98 - 0.3 - 0.8, 0.0 323 - 0.1 - 0.5, 0.1 199 - 0.1 - 0.5, 0.3 0.0029

n number of patients within the study, N number of patients with available data, Q1–Q3 quartile 1, quartile 3, HbA1c
glycated hemoglobin levels (biologically confirmed and/or self-reported), NA not applicable
a Difference (post—pre levels) were computed
* Based on Kruskal-Wallis test
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DISCUSSION

CONFI-DIAB is the largest study conducted to
assess the impact of the COVID-19 lockdown on
metabolic control and healthcare consumption,
through a comprehensive approach going
beyond glucose metrics, in our population
sample of patients with T1DM and T2DM from
tertiary care. Unexpectedly, our study including
870 patients with diabetes demonstrated no
deleterious effect of COVID-19 lockdown and
stay-at-home orders on glycemic control.
Indeed, a statistically significant reduction in
HbA1c between pre- and post-lockdown periods
was observed in our population sample, inde-
pendently of diabetes type, patient’s age, treat-
ment compliance and healthcare consumption.
Only subgroups based on weight change during
lockdown were associated with significantly
different HbA1c outcomes, i.e., a slight HbA1c
decrease (- 0.1%) observed in patients who
gained weight or had stable weight, and a
greater HbA1c decrease (- 0.3%) in people who
lost weight. Also, patients with the highest
weight at baseline were more prone to have
gained weight after the lockdown period. No
clinically significant changes in the biologic
parameters of interest were observed, despite
minor changes in AST, creatinine and eGFR.

More specifically, we included 267 patients
with T1DM in our analysis, monitored by glu-
cose meters or FGM, whose median baseline
HbA1c, which was similar to HbA1c reported
previously for a representative sample of French
patients with T1DM [19], decreased from 7.8%
pre-lockdown to 7.6% post-lockdown. Mad-
daloni et al. reported no significant deteriora-
tion in the ambulatory glucose profile of 55
Italian patients, mainly with T1DM, on inten-
sive insulin therapy during the first 14 days of
lockdown [16]. Another study on 307 patients
with T1DM using FGM compared data from the
14 days prior to and after lockdown and
demonstrated significant improvements in
mean glucose level, estimated HbA1c (from 7.4
to 7.1%) and time in range (from 57.8 to 62.5%)
after 8 weeks of lockdown [20]. Notably, a
recent observational study conducted in 1378
T1DM using data from self-reported only

glycemic information from FGM and a ques-
tionnaire on behavioral changes during lock-
down also reported a significant improvement
in mean glucose level, which was, however,
associated with an increased frequency of
hypoglycemia events (OR 1.67 (1.13–2.46)) [18].
Other studies demonstrated similar results sug-
gesting that a more regular lifestyle and less
stress might help achieving better glucose con-
trol in T1DM [13–15, 17]. Nevertheless, these
studies were mostly conducted on small series
of T1DM only, even though patients with
T2DM remain the majority population in
France and were advised strict self-quarantine as
well [21, 22]. Our study included 63.1% patients
with T2DM, whose HbA1c levels decreased from
a median of 7.6 to 7.3%, suggesting effective
patient education for diabetes self-management
even in people with long diabetes duration,
several comorbidities and/or intensive insulin
therapy. In contrast, in a Turkish study on 101
patients with T2DM, mean HbA1c rose from 7.7
to 8.1%, although not significantly [12]. Hence,
lockdown had no deleterious effect on meta-
bolic control in our study, regardless of diabetes
type, did not result in a high incidence of acute
metabolic complications (severe hypoglycemia,
4.3%; ketosis and/or ketoacidosis, 2.8%) and
seemed effective in preventing the spread of
SARS-CoV-2 considering the prevalence of dia-
betes in patients with COVID-19, with only 12
confirmed infection cases [23, 24].

Besides, 32.1% and 15.9% of patients repor-
ted having respectively gained and lost weight
during lockdown. More specifically, proportions
of patients who respectively gained or lost
weight were similar across T1DM and T2DM
subgroups with a median change of about 2–3
kg. Other studies conducted in either obese or
T2DM have previously reported similar results,
with proportions of patients respectively gain-
ing and losing weight ranging from 19.0 to
39.6% and 33.0 to 38.6% and absolute mean
changes of 0.8–1.5 kg [11, 12, 25]. Furthermore,
self-reported weight changes were observed
elsewhere in patients with T1DM, with 30.4%
reporting weight gain and 13.5% weight loss,
which matched our results [18]. The lockdown
effect on weight was thus heterogeneous. Pos-
sible reasons included changes in daily habits,
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particularly in more obese patients with T2DM,
who increased their sugary food and snack
intakes along with more frequent cravings and
decreased physical activity as represented by the
time spent seated [10]. Despite the implemen-
tation of guidance by the World Health Orga-
nization to stay physically active during self-
quarantine [26], decreased physical activity
levels were also reported in both T2DM and
T1DM (respectively 42% and 70%), which was
not surprising given the stay-at-home orders
[11, 13]. In our study, respectively, 45.8% and
45.0% of patients declared similar or lower
levels of physical activity during lockdown
compared to pre-lockdown, which was consis-
tent with the results of a study conducted by the
French High Council for Public Health on a
representative sample of the French population
[27]. Additionally, the French Society of Dia-
betes recommends 150–300 min of moderate-
intensity or 75–150 min of vigorous-intensity
physical activity per week, or a combination of
both; about half of the patients reported
achieving the recommended minimum levels
(C three times 30 min per week) [28]. Alcohol
consumption was estimated as being reasonable
(fewer than two or three drinks per day for
women or men, respectively) in 90.9% of
patients.

The unique specificity of the CONFI-DIAB
study was to put metabolic control into per-
spective in light of the integrated care pathway.
First, a drastic reduction in health care con-
sumption was observed because of postponed or
cancelled appointments enabling the realloca-
tion of resources to COVID-19 units as descri-
bed in other countries [29]. Respectively, 49.4%
and 92.3% of patients did not consult their GP
and diabetologist during the lockdown and
32.1% used teleconsultation services as an
alternative. Indeed, telemedicine services
rapidly expanded [30] and were useful tools to
avoid disrupting care. However, 10.0% of
patients within our study reported no internet
access, which questions the generalizability of
remote medical services. Additionally, 71.5%
declared not be willing to use those remote
services for routine clinical practice even
though discordant results have been previously
reported showing higher satisfaction rates

[31, 32]. Second, medication noncompliance
was infrequent with monthly or weekly treat-
ment compliance gaps reported in 9.7% of
patients, primarily regarding antidiabetic and
cardiovascular medications, and treatment
interruption in 2.4% only. These results were
confirmed in a large national study conducted
by the French National Agency for the Safety of
Medicines and Health Products and the
National Health Insurance Fund, which found a
maintained or even increased consumption of
medicines in patients with diabetes (non-in-
sulin antidiabetics, insulin and cardiovascular
treatments) [33]. In contrast, a cross-sectional
study performed in Indian patients with T1DM
demonstrated that the observed glycemic
worsening was mainly due to a lack of insulin
and/or glucose strip availability during lock-
down [34], which emphasizes the need of a fair
distribution of community pharmacies across a
territory. Hence, the key role of pharmacists in
primary care was underlined in a recent cross-
sectional study gathering data from [ 10 mil-
lion patients in the IMS longitudinal prescrip-
tion database, which showed sustained
dispensing activities during the pandemic [35].
Of note, no patient in our population sample
indicated difficulty accessing a community
pharmacy or refilling their prescriptions, in
particular through an exceptional measure
decided by the Ministry of Health to enable
dispensing chronic medications even if the
prescription expired. Moreover, only 1.3% and
3.5% of diabetes specialist nurses and biomedi-
cal laboratories, respectively, were unavailable
during the lockdown. Even though the eastern
region of France, where the study was con-
ducted, was the most affected by the pandemic,
national public health measures have been
implemented, regardless of the regions, hence
suggesting that our results might be generaliz-
able to France. Similarly, a study on patients
with T1DM from another French region repor-
ted an improvement in glycemic control partly
explained by an easier diabetes control percep-
tion [18]. However, implementation of public
health advices during lockdown might have
been different between countries, with the
example of the implementation of protective
measures, which were highest among
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participants from Italy, who suffered the most
from the COVID-19 epidemic and associated
restrictive measures, compared to other Euro-
pean countries [36].

Our study had some limitations. First, a
definite causal relationship between lockdown
and metabolic control could not be established
given the observational cross-sectional nature
of the study and the large time frames defining
pre- and post-lockdown study periods. More-
over, some data were extracted from a self-ad-
ministered questionnaire, which might lead to
clear biases. Third, a detailed assessment of
other relevant factors that might have influ-
enced glycemic measures, such as lifestyle
changes, adherence to dietary guidelines, dia-
betogenic factors, stress levels and/or mental
health during lockdown, was not performed.
Finally, our single-center population sample
might not be representative of the global French
population of patients with diabetes since (1)
the ratio of patients with T1DM/T2DM and
patients’ insulin status did not match previ-
ously published prevalence data by the French
High Council for Public Health [37], and (2) our
analysis was performed on patients actively
engaged in managing their disease and likely to
return the questionnaire.

CONCLUSION

Despite major changes within the health care
system enforced by the local government,
metabolic control was maintained or even
improved in patients with T1DM and T2DM
during the COVID-19 lockdown, particularly in
patients who did manage to lose weight. Con-
tinuity of care during lockdown was, however,
ensured through mobilization of primary care
lines, implementation of remote healthcare
solutions and probably patients’ high level of
education in diabetes self-management. Indeed,
teleconsultation services have been shown to be
effective channels to help patients in need and
make sure no one is left behind. It would be
interesting to assess whether patients who
benefited from remote consultations presented
better outcomes than those who did not.
Advanced continuous educational programs for

self-management and adherence, which are well
integrated in the care pathway of patients with
diabetes, could also serve as a model for the
support of patients with other chronic diseases
to convey solutions to everyday practical chal-
lenges. Insights from our study might help
health authorities and government decision-
making processes to deal with future public
health outbreaks or epidemics.
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Synthèse épidémiologique. Disponible sur: mal-
adies-et-traumatismes/diabete/le-poids-du-diabete-
en-france-en-2016.-synthese-epidemiologique

Diabetes Ther (2021) 12:2207–2221 2221

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7400808/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7400808/
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/noncommunicable-diseases/stay-physically-active-during-self-quarantine
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/noncommunicable-diseases/stay-physically-active-during-self-quarantine
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/noncommunicable-diseases/stay-physically-active-during-self-quarantine
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/noncommunicable-diseases/stay-physically-active-during-self-quarantine
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/publications-and-technical-guidance/noncommunicable-diseases/stay-physically-active-during-self-quarantine
http://beh.santepubliquefrance.fr/beh/2021/Cov_3/2021_Cov_3_1.html
http://beh.santepubliquefrance.fr/beh/2021/Cov_3/2021_Cov_3_1.html
https://doi.org/10.1007/s10389-020-01308-w
https://doi.org/10.1007/s10389-020-01308-w
https://ansm.sante.fr/actualites/usage-des-medicaments-de-ville-en-france-durant-lepidemie-de-covid-19-point-de-situation-jusquau-25-avril-2021
https://ansm.sante.fr/actualites/usage-des-medicaments-de-ville-en-france-durant-lepidemie-de-covid-19-point-de-situation-jusquau-25-avril-2021
https://ansm.sante.fr/actualites/usage-des-medicaments-de-ville-en-france-durant-lepidemie-de-covid-19-point-de-situation-jusquau-25-avril-2021
https://ansm.sante.fr/actualites/usage-des-medicaments-de-ville-en-france-durant-lepidemie-de-covid-19-point-de-situation-jusquau-25-avril-2021

	The Impact of COVID-19 Lockdown on Metabolic Control and Access to Healthcare in People with Diabetes: the CONFI-DIAB Cross-Sectional Study
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study Design and Participants
	Procedures
	Outcomes
	Measures
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics
	Changes in HbA1c
	Clinical Self-Assessment
	Changes in Biological Parameters
	Healthcare Consumption During Lockdown and Discontinuation Reasons
	Treatment Compliance
	Stratified Analyses

	Discussion
	Conclusion
	Acknowledgements
	References




