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Abstract: We analysed the effects of Swiss national lockdown due to the COVID-19 pandemic on
the glycaemic control in patients with diabetes mellitus. In a retrospective observational cohort
study with observation period 16 December 2018-27 July 2020, we included tertiary care patients
with diabetes and at least one glycated haemoglobin Alc (HbAlc) measurement before and after
the lockdown beginning. Main outcome measure was change in HbAlc after the lockdown. We
included 1078 patients (86% diabetes type 2) with a mean HbAlc of 55.63 mmol/mol (7.24%).
Glycaemic control was susceptible to seasonal changes with higher mean HbAlc in winter as
compared to spring (57.49 mmol/mol (7.41%) vs. 55.52 mmol/mol (7.23%), p = 0.013). The lockdown
did not affect the mean HbAlc values of all patients. However, we found a higher proportion of
type 2 diabetes patients with a worsening HbA1c after the lockdown as compared to the year before
(32% vs. 22.9%, p = 0.02). In a mixed-model regression multivariable analysis, inappropriate alcohol
intake and hypothyroidism were associated with an increase in HbAlc after the lockdown. In
conclusion, the national lockdown had no effect on overall mean HbAlc values but affected a
proportion of type 2 diabetes patients with worsening HbAlc, whose individual risk factors were
identified.

Keywords: COVID-19; SARS-CoV-2; lockdown; glycaemic control; diabetes mellitus; seasonal
variation

1. Introduction

Natural disasters have been shown to have a long-lasting negative effect on
glycaemic control, primarily due to the unavailability of healthcare products and lack of
medical care [1,2]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic followed by profound societal changes bears features of a global natural
disaster. National lockdowns imposed strict restrictions on the populations involved with
negative impact on physical activity levels, eating habits, and increased incidence of
psychiatric disorders [3-10].

Patients with diabetes are vulnerable to severe forms of coronavirus disease 2019
(COVID-19). In addition, insufficient glycaemic control poses a higher risk for a worse
clinical course [11]. It is not clear how nationwide lockdowns influenced the glycaemic
control. Several smaller studies with short term follow-up have shown either a positive
effect of the lockdown on glycaemic control or no effect at all [12-21].
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We hypothesized that a nationwide lockdown led to a deterioration in glycaemic
control in patients with diabetes in the long term. We investigated whether patients with
type 1 and 2 diabetes increase their glycated haemoglobin Alc (HbAlc) in response to the
Swiss national lockdown as an expression of deterioration in glycaemic control.
Furthermore, we aimed to identify the most vulnerable patients to decline in their
glycaemic control. In a secondary analysis, we investigated the effect of lockdown on
weight and the number of outpatient consultations and hospitalisations in patients with
diabetes.

2. Materials and Methods
2.1. Study Design and Setting

For this retrospective observational cohort analysis study, we used data from
electronic health records from all clinics of the University Hospital Basel (USB), one of the
five university hospitals in Switzerland and the only tertiary care centre in the north-
western part of Switzerland. We defined the observational period as 16 December 2018
until 27 July 2020. Based on the duration of the national lockdown (17 March 2020-26
April 2020), we defined four periods: 3 months before the lockdown (Winter 2019-2020),
4 months starting at the beginning of the lockdown (Spring 2020), and the corresponding
periods one year before. In summary, we analysed four periods: (1) Winter 2018-2019 (16
December 2018-16 March 2019), (2) Spring 2019 (17 March 2019-27 July 2019), (3) Winter
2019-2020 (16 December 2019-16 March 2020), and (4) Spring 2020 (17 March 2020-27 July
2020).

2.2. Data Extraction

The data system used at the USB was the “Health engine” Version 8.11.5.2 (Netcetera,
Zurich, Switzerland) and the “ISMed” Version v19.11_bl (Protecdata AG, Boswil,
Switzerland). We extracted the data via self-developed SQL (structured query language)
scripts and “Toad for Oracle” Version 13.2.0.258 (Quest Software Inc., Aliso Viejo, CA,
USA). We generated an anonymised dataset without coding and without the possibility
of tracing back the anonymised data to the source data.

2.3. Participants

We defined as eligible all patients with diabetes who had at least one measurement
of HbAlc before and one measurement after the beginning of the lockdown within the
observation period, as documented in the hospital database. We defined patients with
diabetes as those with a diagnosis of diabetes mellitus or at least one HbAlc measurement
of >247.55 mmol/mol (6.5%). We stratified the patients according to the type of diabetes (1,
2, other). “Other” diabetes types included Latent Autoimmune Diabetes in Adults
(LADA), Maturity Onset Diabetes of the Young (MODY), and pancreatogenic diabetes.
We reported results for patients with diabetes type 1 and 2 only.

We excluded patients younger than 18 years and those with documented written or
oral refusal to participate in scientific research.

2.4. Variables

The main outcome measure was the rate of change of HbAlc value from Winter
2019-2020 to Spring 2020. As potential confounders, we considered comorbidities, history,
medication, socioeconomic characteristics, anthropologic characteristics and selected
laboratory values.

2.5. Definition of Comorbidities

We defined comorbidities according to the diagnosis stated in the hospital database
and based on available laboratory or anthropometric values.
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The following comorbidities were considered: Hypertension, based on diagnosis
and/or systolic blood pressure 2140 and/or diastolic blood pressure 290 mmHg twice
documented; overweight, diagnosis and/or BMI (225 and <30 kg/m?); obesity, diagnosis
and/or BMI (230 kg/m?); hyperlipidaemia, diagnosis and/or low-density lipoprotein >4.9
mmol/mol; chronic kidney disease, diagnosis and/or glomerular filtration rate (GFR based
on CKD-EPI formula <90 mL/min); thyroid disease: diagnosis or TSH < 0.25 mIU/L or > 10
mIU/L.

The following comorbidities were based on the stated diagnoses in the database only:
obstructive sleep apnoea syndrome, coronary heart disease, chronic heart failure, stroke,
periphery artery occlusive disease, diabetic periphery neuropathy, diabetic retinopathy,
gout, depression, oncological disease, COPD, asthma, inappropriate alcohol use
(documented as such, without quantification).

2.6. Other Confounding Factors

We extracted data on all generic and trade names of antidiabetic medication available
in Switzerland in the first half of 2020. We divided them into the following: oral
antidiabetic drugs (OAD) including metformin, Sodium-Glucose Transport protein 2
(SGLT2)-inhibitors, Dipeptidyl Peptidase-4 (DPP-4)-inhibitors, sulfonylureas, and others
(acarbose, glitazones, glinides); insulin short and long-acting; Glucagon-like Peptide-1
(GLP-1) agonists, and their combinations.

For socioeconomic characteristics, we used patient self-reported data documented in
the hospital database. We categorized the patients according to their employment
(definitions of employment according to British Registrar General’s Scale and adapted in
line with Beer-Borst et al. [22]), language, religion, residence, insurance class and whether
the patient had a general practitioner. We extracted data on the number of hospitalizations
in the observed periods. In patients followed at the Department of Endocrinology, we also
raised data on the number of outpatient consultations (due to the billing system to
insurance companies, the data on outpatient consultations in other departments were not
suitable for analysis).

For the patients’ description at baseline, we used the last available database entry
before the beginning of the lockdown. Anthropometric characteristics included age
(years) at first HbAlc measurement, gender, weight (kg), BMI (kg/m?) and blood pressure
(mmHg). Moreover, we also considered smoking habits, defined as yes/no.

2.7. Laboratory Methods

For measurement of HbAlc, two methods were used: first, venous HbAlc using
turbidimetry (Cobas 8000 modular analyser c502 by Roche Diagnostics International Ltd,
Rotkreuz, Switzerland); second, the point-of-care (POCT) analysis using POCT DCA
Vantage Analyser (by Siemens Healthcare GmbH, Erlangen, Germany) a point-of-care
immunodiagnostic analysis system using monoclonal antibody agglutination reaction.
These two methods were being routinely used at the USB. In a sensitivity analysis, the
distribution of their values was not statistically different (p = 0.98, Kolmogorov-Smirnov
test). The proportion of usage of the two methods reached 57% in turbidimetry and 43%
in POCT and was stable throughout the years with no significant seasonal changes.

The following parameters were measured using the cobas® 8000 modular analyser
(Roche Diagnostics International Ltd, Rotkreuz, Switzerland): glycaemia, low-density-
lipoprotein, thyroid-stimulating hormone, creatinine, albumin in the urine.

2.8. Biases

To limit potential detection bias, we included only reliable data, and we excluded
outliers. To define comorbidities, we used documented diagnoses and laboratory and
anthropometric values. Information on current medication was derived from official
medical reports and unofficial medical entries in the database. Potential selection bias
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could occur as two types of HbAlc measurements were used in our hospital. However,
sensitivity analysis showed no statistically significant differences in the distribution of
values. To tackle the attrition bias, we performed a subanalysis in patients with HbAlc
values in all four analysed periods.

2.9. Study Size

We included all eligible patients who fulfilled the inclusion criteria in the observation
period and who were not younger than 18 years and did not refuse to participate in
scientific research (Figure 1).

All patients (in- and outpatients) treated at the
University Hospital Basel in the observation period
16.12.2018-27.07.2020.

A A 4

Patients with at least one HbA1c measurement Patients with a diagnosis of diabetes mellitus
>47.55 mmol/mol (6.5%). and/or antidiabetic medication.
n=6286 n=17927

y
Patients with both preconditions
who did not meet the exclusion criteria.
n = 2409

Patients with HbA1c measurement before and
after the beginning of the lockdown.
n=1078

Figure 1. Flow diagram showing the numbers of eligible and included patients.

2.10. Statistical Analysis

Patients’ characteristics were reported overall and by diabetes type (1, 2, other).
Binary or categorical variables (e.g., sex, comorbidities) were described as a number of
cases and percentage of non-missing observations, N (%) unless otherwise stated.
Continuous variables (e.g., age, weight) were described as mean and standard deviation
(SD).

Selected patient characteristics (HbAlc, weight, number of outpatients’ consultations
and number of hospitalizations) were compared between all four periods and within the
types of diabetes 1 and 2. HbAlc values were reported both in mmol/mol and %.

T-tests for pairwise comparisons of means (Winter 2018-2019 vs. Spring 2019; Winter
2019-2020 vs. Spring 2020) were performed for continuous variables, indicating the mean
difference and the 95% (CI). Pearson’s chi-squared test was used to compare proportions
of binary variables. Results of these comparisons were finally assessed using mixed
regression analysis, adjusting for repeated measurements within patients through
random effects. Weekly trends in the four periods of HbAlc values, by the two types of
diabetes mellitus, were also modelled with random effects for patients and type of
diabetes mellitus and time (in weeks) as fixed effects. We used a three-basis spline model
to describe the seasonal pattern of HbAlc over time.

The rate of change of HbAlc value from Winter to Spring was defined as (HbAlc in
Spring-HbAlc in Winter)/(HbAlc in Winter). It was calculated for both years (2018-2019
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and 2019-2020) at the patient level. A worsening in individual HbAlc value was defined
when the rate of change of HbAlc was greater than 5%. An improvement in individual
HbA1lc value was defined when the rate of change of HbAlc was lesser than -5%.

For the main regression analysis, the outcome of interest was the rate of change of
HbAlc value from Winter 2019-2020 to Spring 2020. We performed linear regression
models with patients’ characteristics and the overall trend of HbAlc in the previous
period (from Winter 2018-2019 to Winter 2019-2020) as predictors. The previous period’s
trend was defined as increasing if the average rate of change from Winter 2018-2019 to
Winter 2019-2020 was greater than 5%, decreasing if less than —5% and stable if between
—-5% and 5%. Regression analysis was univariable and multivariable. In the latter case, the
effect of a factor was corrected for the effect of the others. Multivariable models were
developed starting from variables with p < 0.2 in univariable analysis and then
implementing a stepwise backward elimination to include all relevant factors which better
fit the models. Missing observations were removed from the analysis. Results of
regression analysis were reported as estimates (95% CI). For all tests, p < 0.05 was
considered statistically significant. All analyses were carried out using statistical package
R version 4.1.0 (https://www.R-project.org (accessed on 7 September 2021)).

3. Results
3.1. Participants—Descriptive Data

Figure 1 shows the inclusion of patients in the form of a flow diagram. Basic patient
characteristics and data on comorbidities and antidiabetic medication are presented in
Table 1, where we considered the last available information from the study start to the
day before the lockdown. We included 1078 patients (mean age 59.05 years, 63.8% male)
in the analysis. Of these, 925 had type 2, 145 type 1 and 8 other forms of diabetes mellitus.

Table 1. Patients’ Characteristics before the Lockdown.

Total N (%) Diabetes Type 2 Diabetes Type 1
N total 1078 * 925 145
Anthropometric parameters
Age (years) at first HbAlc measurement 59.05 (15.55) 61.36 (14.07) 45.19 (16.85)
Male gender n (%) 688 (63.8) 600 (64.9) 82 (56.6)
Weight (kg), n = 589 85.90 (21.15) 89.68 (21.16) 71.81 (13.84)
BMI (kg/m?), n = 587 29.56 (6.63) 30.95 (6.49) 24.34 (3.63)
BP systolic (mm/Hg), n = 408 132.97 (18.00) 133.49 (18.42) 131.04 (15.87)
BP diastolic (mm Hg) n =406 81.65 (10.59) 82.23 (10.70) 79.22 (9.62)
Comorbidities 1 (%) n=1032 n=2893 n=131
Hypertension 734 (71.1) 664 (74.4) 67 (51.1)
Overweight 187 (18.1) 157 (17.6) 28 (21.4)
Obesity 393 (38.1) 379 (42.4) 13 (9.9)
Dyslipidaemia 547 (53.0) 500 (56.0) 43 (32.8)
Obstructive sleep apnoea 162 (15.7) 157 (17.6) 5(3.8)
Coronary heart disease 300 (29.1) 281 (31.5) 18 (13.7)
Chronic heart failure 132 (12.8) 132 (14.8) 0(0.0)
Stroke 114 (11.0) 101 (11.3) 10 (7.6)
Periphery artery occlusive disease 126 (12.2) 114 (12.8) 11 (8.4)
Chronic nephropathy 735 (71.2) 660 (73.9) 68 (51.9)
Diabetic periphery neuropathy 360 (34.9) 289 (32.4) 69 (52.7)
Diabetic retinopathy 247 (23.9) 189 (21.2) 58 (44.3)
Gout 86 (8.3) 79 (8.8) 7 (5.3)
Thyroid disease 147 (14.2) 125 (14.0) 21 (16.0)
Depression 125 (12.1) 114 (12.8) 11 (8.4)
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Oncological disease 238 (23.1) 224 (25.1) 12 (9.2)
COPD and asthma 173 (16.8) 164 (18.4) 8 (6.1)
Smoking 361 (35.0) 318 (35.6) 41 (31.3)
Inappropriate alcohol use 289 (28.0) 257 (28.8) 29 (22.1)
Antidiabetic medication n="757 n=621 n=128
Metformin 406 (53.6) 402 (64.7) 4 (3.1)
SGLT2-Hemmer 68 (9.0) 68 (11.0) 0 (0.0)
DPP-4-Inhibitoren 221 (29.2) 219 (35.3) 0 (0.0)
Sulfonylureas 41 (5.4) 41 (6.6) 0 (0.0)
other OAD 11 (1.5) 10 (1.6) 0 (0.0
At least one OAD 484 (63.9) 478 (77.0) 4 (3.1)

2 OAD preparations 166 (21.9) 165 (26.6) 0 (0.0)
3+ OAD preparations 46 (6.1) 46 (7.4) 0 (0.0)
At least one Insulin 486 (64.2) 351 (56.5) 128 (100)
Insulin with OAD 250 (33.0) 245 (39.5) 4 (3.1)
At least one GLP-1 agonist 226 (29.9) 223 (35.9) 2 (1.6)
GLP-1 agonist with any OAD 150 (19.8) 150 (24.2) 0(0.0)
Insulin + GLP-1 agonist 138 (18.2) 135 (21.7) 2 (1.6)
OAD only 183 (24.2) 182 (29.1) 0 (0.0
Insulin only 197 (26.0) 70 (11.3) 122 (95.3)
GLP-1 only 37 (4.9) 37 (6.0) 0 (0.0)
Laboratory parameters mean (SD)

HbA1lc (mmol/mol) 55.63 (17.83) 54.10 (17.39) 64.81 (18.05)
(%) 7.24 (1.63) 7.10 (1.59) 8.08 (1.65)
LDL (mmol/mol) n = 766 2.05 (0.94) 2.06 (0.95) 2.03 (0.81)
GFR (mL/min) n = 1033 75.30 (30.93) 72.10 (29.91) 95.93 (28.57)

Values are expressed as mean and SD unless otherwise stated. * 8 patients were stratified to belong neither to diabetes
mellitus type 1 nor diabetes mellitus type 2; 3+ means three plus, equal or more than three.

The mean interval between the beginning of the lockdown and the postlockdown
HbA1lc measurement was 67 days (median 69, min. 0; max 122).

Description of socioeconomic factors of included patients is summarised in Table 2.
Most patients pursued a low or manual occupation, or were pensioners. Most lived in an
urban region and indicated German as their first language.

Table 2. Socioeconomic Characteristics of the Patients.

Total n (%) Diabetes Type 2 Diabetes Type 1
n total 1078 * 925 145
Employment n = 888 t
High (professional and intermediate 58 (6.5) 16 (5.9) 12 (11.5)
occupations)
Medium (non-manual occupations 71 (8.0) 53 (6.8) 17 (16.3)
Low (manual or lower occupations) 370 (41.7) 318 (40.9) 49 (47.1)
Pensioner (including disability pension) 337 (38.0) 321 (41.3) 16 (15.4)
Other 52 (5.9) 40 (5.1) 10 (9.6)
Language
German 936 (86.8) 791 (85.5) 138 (95.2)
Italian 36 (3.3) 34 (3.7) 2(1.4)
French 23 (2.1) 23 (2.5) 0(0.0)
Other 83 (7.7) 77 (8.3) 5(3.4)

Religion n = 623
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Catholic 193 (31.0) 160 (29.7) 33 (40.7)
Protestant 152 (24.4) 126 (23.4) 25 (30.9)
Moslem 118 (18.9) 113 (21.0) 4 (4.9)
Other 160 (25.7) 140 (26.0) 19 (23.5)
Insurance class

General 1054 (97.8) 901 (97.4) 145 (100.0)
Private/half private 24 (2.2) 24 (2.6) 0(0.0)
Residence n =1018

Urban 890 (87.4) 770 (88.3) 113 (81.9)
Rural 54 (5.3) 41 (4.7) 13 (9.4)
Intermediate 74 (7.3) 61 (7.0) 12 (8.7)
General practitioner

yes (%) 875 (81.2) 743 (80.3) 124 (85.5)

* 8 patients were stratified to belong neither to diabetes type 1 nor diabetes type 2. t Stratification according to British
Registrar General’s Scale: high (I and II from the British classification: professional and intermediate professions); medium
(III-N: non-manual occupations); and low (III-M, IV and V: manual or lower occupations)

9.0

85

7.0

6.5

Only 6/329 patients tested were positive for SARS-CoV-2 anytime during

observation.

3.2. Outcome Data

Glycaemic Control in the Longitudinal Follow-Up: Seasonal Changes

Throughout the whole observation period, glycaemic control expressed as HbAlc
was susceptible to marked seasonal changes (Figure 2). In general, HbAlc increased in
winter and decreased in the spring/summer. In all patients, we observed the highest
HbAlc values in January with a mean (SD) of 59.57 (18.38) mmol/mol (7.6 (1.68)%), and
lowest in July with a mean (SD) of 56.18 (18.27) mmol/mol (7.29 (1.67)%). The estimated
absolute difference of HbAlc values between winter and spring, after correcting for
repeated measurements, comprised reductions of -2.08 mmol/mol (95% CI: -3.06, -1.09, p
<0.001) (-0.19%, 95% CI: -0.28, -0.10) HbA1c in 2019 and -1.31 mmol/mol (95% CI: -2.30,
-0.44, p = 0.006) (-0.12%, 95% CI: —0.21, —0.04) in 2020.

r69

(lowyjoww) 31 ¥aqH

rs3

F48

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Winter 2018 - 2019

Winter 2019 - 2020

.
Spring 2020

Spring 2019
Period

Figure 2. Seasonal variations in HbAlc weekly values in 1078 patients with diabetes mellitus expressed as mean values of
HbAlc in observation period 16 December 2018-27 July 2020. The blue line represents the smoothing and the grey field
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the 95% confidence interval band. Black dots show the mean HbAlc per week. Vertical dashed green lines define the
beginning and the end of the individual periods, while the vertical dashed red lines depict the beginning and end of the
Swiss national lockdown (the line on the left also defines the beginning of the period Spring 2020).

HbA1lc values in patients stratified according to the type of diabetes are shown in
Figure 3. Patients with type 2 diabetes had the lowest mean HbAlc values in August (54.87
mmol/mol, 7.17%) and in July (54.98 mmol/mol, 7.18%) in 2019 and 2020, respectively; and
the highest mean HbAlc values in December (58.69 mmol/mol, 7.52%) and in January
(59.24 mmol/mol, 7.57%) in 2019 and 2020, respectively. Patients with type 1 diabetes had
higher weekly mean HbAlc values (estimated absolute difference: 10.61 mmol/mol, (95%
CI: 591, 15.43, p < 0.001) (0.97% (95% CI: 0.54, 1.40)), and followed a similar pattern of
circannual variation compared to patients with type 2 diabetes.

| 1
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[ |
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| i
| +
| !
8.0 | ! 64 g
— { ; > )
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o | ! =] Type 1
s [ ‘ 3 Type 2
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7.54 | ! 588
| i =
] 1
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7.04 | ; 53
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| i
] 1
| 1
| !
{ i
| 1
6.54 | ' F48
| !
I 1
Winter 2018 - 2019 Spring 2019 Winter 2019 - 2020 Spring 2020

Period

Figure 3. Seasonal variation of HbAlc in patients with type 1 diabetes mellitus (1 = 145) and type 2 diabetes mellitus (n =
925) expressed as fitted values HbAlc in observation period 16 December 2018-27 July 2020 corrected for repeated
measurements within patients. The curves represent the fitted values and the coloured fields the 95% confidence interval
of the estimates for each diabetes mellitus type. Vertical dashed green lines define the beginning and the end of the
individual periods; while the vertical dashed red lines depict the beginning and end of the Swiss national lockdown (the
line on the left also defines the beginning of the period spring 2020).

3.3. Main Results
Effect of Lockdown on Glycaemic Control

We report the main findings in Table 3. In patients with type 2 diabetes, we found a
significantly higher proportion of patients with a worsening in individual HbAlc after the

lockdown (a rate of change > 5%). The proportion of patients with an improvement (rate
of change HbAlc <-5%) did not differ.
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Table 3. Summary of the main results: changes in HbAlc values during the observation period.

. Spring-Winter Spring-Winter
Type of Diabetes 2018-2019 2019-2020
Absolute variations in HbAlc values
Type 2
HbA1c% (mean (SD) -0.13 (0.81) -0.06 (1.25) 0.350
HbA1c mmol/mol (mean (SD) -1.42 (8.85) -0.66 (13.65)
Type 1
HbA1c% (mean (SD) -0.27(0.70) -0.25 (0.99) 0.880
HbA1c mmol/mol (mean (SD) -2.95 (7.66) -2.73 (10.83)
Patients improved (%): relative HbAlc variation, delta <-5%
Type 2 30.3% 29.0%, 0.81
Type 1 33.3% 36.6% 0.84
Patient worsened (%): relative HbAlc variations, delta > 5%
Type 2 22.9% 32.0% 0.02
Type 1 9.8% 16.1% 0.42

Absolute variations are reported as mean differences in HbAlc values (Spring—Winter) in periods
2018-2019 and 2019-2020. Relative changes are described as proportion of patients with an
improvement or worsening (relative change delta <-5% or >5%) in HbAlc values.

Comparing the changes in mean HbAlc values of type 1 diabetes patients between
corresponding winter and spring periods in 2018-2019 and 2019-2020, we observed no
statistical differences. We found neither a significantly higher proportion of patients with
a worsening in individual HbAlc nor a higher proportion of patients with an
improvement of individual HbAlc levels.

Moreover, we also addressed the question of HbAlc values within the period Spring
2020. We found that mean values of HbAlc in Spring 2020 were higher in the 2 months
including the lockdown (17 March 2020-16 May 2020) as compared to the following 2
months (17 May 2020-27 July 2020); mean (SD): 7.45 (1.61)% vs. 7.22 (1.59)%, p = 0.016.

3.4. Additional Analyses

In a sensitivity analysis, a subgroup of 241 patients with either type 1 or type 2
diabetes and at least one HbAlc in every analysed period yielded no significant change
in HbAlc after the lockdown compared to the winter period 2019-2020. The HbAlc
reached 60.61 mmol/mol (7.7%) in both spring periods.

3.5. Effect of Seasonal Variations and Lockdown on Weight

In the 415 patients with available weight values in spring 2020, after correcting for
repeated measurements within patients and type of diabetes, we found a significant
reduction of weight from winter to spring 2019, with an estimate of -1.16 kg (95% CI:
-1.59, -0.72, p < 0.001) and from winter to spring 2020, estimate —0.80 kg (95% CI: —1.46,
-0.15, p =0.016).

3.6. Effect of Seasonal Variation and Lockdown on Outpatient Consultations and Hospitalisations

We did not find any significant seasonal impact on the number of outpatient
consultations and hospitalisations in patients with both types of diabetes. However, the
total number of both outpatient consultations and hospitalisations per patient and period
dropped significantly between Winter 2019-2020 and Spring 2020 (1.83 (SD 1.36) vs. 1.43
(SD 0.93). p = 0.001, and 1.42 (SD 0.83) vs. 1.24 (0.55) p = 0.028, respectively). In patients
with type 2 diabetes, the outpatients’ consultations per patient and period decreased
significantly (1.94 (SD 1.45) vs. 1.45 (SD 0.98) p < 0.001), while the decrease in
hospitalisations was not significant (1.41 (SD 0.83) vs. 1.26 (SD 0.56) p = 0.066). In patients
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with type 1 diabetes, neither hospitalisations nor outpatient consultations changed
significantly after the lockdown.

3.7. Impact of Confounding Factors on Glycaemic Control after the Lockdown

Univariable regression analysis of the rate of change of HbAlc values from Winter
2019-2020 to Spring 2020 showed a significant impact on HbAlc after lockdown for
several variables (Table 4). Type 2 diabetes, oncological disease, treatment with DDP4-
inhibitor and GLP-1 agonist, higher LDL levels, speaking a different language than one of
the three official Swiss languages and a higher number of hospitalizations and outpatient
consultations were associated with an increased HbAlc after the lockdown. In contrast,
being overweight and an increase in HbAlc in the previous period were associated with
decreased HbAlc after the lockdown.

Table 4. Regression Analysis of the Impact of Confounding Factors on the Rate of Change of HbAlc after the Lockdown.

Multivariable Analysis

Univariable Analysis N Patients = 305

Patient Characteristic Estimates [95% CI] p-Value Estimates (95% CI) p-Value
Anthropometric parameters

Age (years) at baseline 0.0004 (-0.0004, 0.001) 0.327

Type of Diabetes = DM 2 0.03 (0.002, 0.07) 0.039

Gender=W -0.01 (-0.03, 0.01) 0.408

Weight (kg) 0.0004 (—0.0004, 0.001) 0.309

BMI (kg/m?) 0.00116(-0.001, 0.0035) 0.336

Blood pressure (mm/Hg)

RR systolic 0.000001 (-0.0009, 0.0009) 0.998

RR diastolic -0.0015 (-0.0032, 0.00016) 0.076

Trend in the previous period (ref

decreasing < 5%)

Increasing > 5% —0.073 (-0.099, -0.0474) <0.001  -0.08 (-0.11, -0.05) <0.001
Stable or dec.inc < 5% -0.004 (-0.041, 0.032) 0.812 -0.02 (-0.06, 0.02) 0.414
Comorbidities (ref = No)

Hypertension 0.00245 (-0.106, 0.111) 0.965

Overweight —0.0403 (-0.0698, —0.0107) 0.008

Obesity 0.00505 (-0.0199, 0.03) 0.691

Hyperlipidemia 0.00668 (-0.0175, 0.0309) 0.588

Obstructive sleep apnea -0.0137 (-0.0458, 0.0185) 0.405

Coronary heart disease 0.00176 (-0.0243, 0.0278) 0.894

Chronic heart failure 0.0167 (-0.021, 0.0544) 0.386

Stroke 0.0349 (-0.00352, 0.0733) 0.075

Periphery artery occlusive disease —0.0218 (-0.0578, 0.0143) 0.236

Chronic nephropathy 0.0155 (-0.0112, 0.0422) 0.254

Periphery neuropathy -0.00936 (-0.0339, 0.0152) 0.454

Diabetic retinopathy -0.00628 (-0.0322, 0.0196) 0.634

Gout 0.0229 (-0.023, 0.0687) 0.328

Hypothyroidism 0.0236 (—0.0104, 0.0575) 0.173 0.04 (0.01, 0.08) 0.012
Depression -0.00737 (-0.0435, 0.0287) 0.688

Oncological disease 0.0493 (0.0208, 0.0778) 0.001

COPD and asthma 0.0236 (-0.00745, 0.0546) 0.136

Smoking -0.00496 (-0.0298, 0.0198) 0.694

Inappropriate alcohol use 0.022 (-0.00531, 0.0493) 0.114 0.03 (0.00, 0.06) 0.043

Antidiabetic Medication
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OAD group 0.012 (-0.0154, 0.0394) 0.389
Metformin -0.00757 (-0.0341, 0.019) 0.576
SGLT2-Inhibitors 0.0236 (-0.0207, 0.0679) 0.295
DPP-4- Inhibitors 0.0375 (0.00831, 0.0666) 0.012 0.03 (0.00, 0.06) 0.030
Sulfonylurea -0.0486 (-0.104, 0.00705) 0.087 -0.06(-0.14,0.01) 0.095
Other OAD -0.056 (-0.169, 0.0573) 0.332
Insulin group -0.0162 (-0.0446, 0.0121) 0.261
Insulin with OAD 0.00464 (-0.0233, 0.0326) 0.744
GLP-1 agonist group 0.0298 (0.000861, 0.0587) 0.044
GLP-1 agonist with OAD 0.0246 (-0.008, 0.0572) 0.139 0.04 (0.01,0.07) 0.007
Insulin + GLP-1 agonist 0.0197 (-0.0138, 0.0532) 0.248
OAD only 0.00245 (-0.0296, 0.0345) 0.881
Insulin only -0.0244 (-0.0537, 0.0049) 0.102
GLP-1 only 0.0567 (-0.018, 0.131) 0.137
Laboratory parameters

LDL (mmol/mol) 0.0151 (0.00126, 0.0289) 0.032
Triglycerides (mmol/mol) -0.0139 (-0.039, 0.0112) 0.267
GFR (mL/min) -0.000227 (-0.0006, 0.00014) 0.226
Albumin/creatinine ratio in urine -0.00010 (-0.00026, 0.00006) 0.22
Socioeconomic characteristics

Employment

(ref = high occupation)

Medium (non-manual occupations0.00774 (-0.0572, 0.0727) 0.815
Low (manual or lower 0.0314 (-0.0175, 0.0803) 0.207
occupations)

Pens?oner (including invalidity- 0.0309 (~0.0184, 0.0803) 0218
pension)

Other -0.00955 (-0.0818, 0.0627) 0.795
Language (ref = DE)

IT -0.0267 (-0.093, 0.0395) 0.428
FR 0.00956 (-0.0603, 0.0794) 0.788
Other 0.0418 (0.0018, 0.0817) 0.041
Religion (ref = catholic)

Evangelic 0.0042 (-0.0413, 0.0497) 0.856
Muslim -0.00657 (-0.0508, 0.0377) 0.771
Other 0.0122 (-0.0305, 0.0549) 0.574
Insurance class

Private/half private 0.0596 (-0.0171, 0.136) 0.127
Residence (ref = Urban)

Intermediate -0.013058 (-0.064, 0.03825) 0.617
Rural 0.008459 (-0.047, 0.06390) 0.764
Outpatient consultations 0.00483 (0.0011, 0.00855) 0.011
Hospitalizations 0.00686 (0.00139, 0.0123) 0.014
General practitioner

No (ref = yes) -0.012 (-0.0421, 0.018) 0.432

In the multivariable regression analysis, hypothyroidism, inappropriate alcohol use,

treatment with a DPP-4 inhibitor and a combination of GLP-1 agonist with other oral
antidiabetic drugs were associated with increased HbAlc after lockdown. A previous
increase of HbAlc was associated with an HbAlc reduction after the lockdown (Table 4).
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4. Discussion

Our study analysed the effect of the national lockdown in spring 2020 on glycaemic
control in 925 patients with type 2 diabetes and 145 patients with type 1 diabetes. We
found that patients’ HbAlc was susceptible to marked seasonal changes, with HbAlc
highest in January and lowest in July. Although the change of mean HbA1lc values in both
types of diabetes patients did not differ in the current lockdown period compared with
the year before, we found a higher proportion of type 2 diabetes patients with a worsening
HbAlc after the lockdown. In addition, we could identify hypothyroidism, inappropriate
alcohol use, treatment with a DPP-4 inhibitor and a combination of GLP-1 agonist with
other oral antidiabetic drugs as individual risk factors associated with an increase of
HbATc after the lockdown.

In contrast to the available studies, we included a large number of patients with
diabetes type 2, and we analysed a follow-up period of 4 months after the lockdown
beginning. Our cohort is well-described, giving us the opportunity to consider a broad
spectrum of variables in an explorative way. Furthermore, we are the first to describe a
seasonal variation of HbAlc in central Europe and in the era of new antidiabetic drugs.

Our study has several limitations. First, most patients have only one HbAlc value
measurement before, and one after the lockdown beginning, and only a subgroup had
HbA1lc measurements in all periods. Results in this subgroup did not contradict the main
findings. Second, we could not gain information on physical activity and nutrition. Third,
we are aware of a selection bias due to studying a population of patients treated at a
tertiary care centre. Patients with diabetes treated in the primary care only might differ in
their glycaemic control. Fourth, we present data only of 4 months of follow-up after the
beginning of the lockdown. Thus, a higher proportion of multimorbid and poorly
controlled patients might have been included since the well-controlled patients were
followed every 6 months. As the focus of our study was to investigate patients at risk, we
do not regard this as a major drawback. We are also aware of a substantial proportion of
missing values in the subgroup analyses whose results must be interpreted cautiously.

4.1. Effect of Lockdown on Patients with Type 2 Diabetes

Based on the restrictions and negative lifestyle changes imposed by the lockdown,
we expected to find a post-lockdown deterioration in glycaemic control, as several studies
suggested [3-10,23]. Until now, six smaller studies have analysed the effect of lockdown
on glycaemic control in patients with diabetes type 2 with conflicting results, and none
took into account the seasonal changes. Our findings are in line with the recent study of
D’Onofrio, who did not find a significant impact of lockdown on 141 patients with type 2
diabetes in Italy [21]. Other studies had conflicting results [12,16-19].

The reasons for these findings are multiple. The assumption that people deteriorated
their eating habits during lockdown may be applicable only in selected patient groups
and may differ between countries and regions. For example, an Italian study has shown
healthier nutrition in the younger population during lockdown [24], and a Finnish study
showed an improvement in nutritional habits despite the decreased physical activity [25].
In Switzerland, the overall amount of alcohol sold during lockdown decreased [26], and
the consumption of organic food products increased [27].

Moreover, although the population’s mobility dropped dramatically during the
lockdown in Switzerland [28], the total physical activity might not have been reduced
[29,30]. In Switzerland, no strict rules of staying inside were implemented, and people
were free to move outside their homes. More stringent lockdowns with imposed home
confinement might lead to different trends in glycaemic control.

4.2. Seasonal Variation

Seasons had a strong effect on the glycaemic control: HbAlc increased in winter and
decreased in the spring/summer. This effect was strong enough to manifest even in our
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cohort of patients with good glycaemic control, treated with the newest therapies. We also
observed a spring-related decrease of weight of approximately one kilogram in both years
analysed. We assume that these seasonal effects are closely linked to increased physical
activity during the spring and summer months as compared to winter.

The finding of seasonal variation in glycaemic control is not new, and it is dependent
on geographical location. Several studies from Europe and US have reported high HbAlc
values in the winter and low in the summer [31-39]. An Israeli study showed an inverted
relationship between glycaemic control and seasons due to the high temperatures in the
summer [40]. We are the first to describe seasonal variation in Central Europe.

4.3. Effects of Lockdown on Patients with Type 1 Diabetes

Our study is the first to present data in type 1 diabetes patients in a follow-up of
several months after the beginning of the lockdown. The four previously published
studies focused on glycaemic control within or immediately after the lockdown showed
mostly improved glycaemic control or no change [13-15,20]. Our results correspond with
these findings and extend them in a longer follow-up.

The glycaemic control of patients with type 1 diabetes was susceptible to similar
seasonal variations as patients with type 2 diabetes.

4.4. Risk Factors for Deterioration in Glycaemic Compensation after Lockdown

The proportion of patients with type 2 diabetes with a worsening HbAlc was higher
in the lockdown period compared to the year before. We identified several individual risk
factors associated with an HbAlc worsening. In the multivariable regression analysis,
hypothyroidism and inappropriate alcohol use were associated with an increase in HbAlc
after the lockdown. We interpret these findings as a negative metabolic effect of
hypothyroidism and alcohol use, rendering patients with diabetes more susceptible to
adverse changes caused by the lockdown.

Moreover, treatment with DPP-4 inhibitors and GLP-1 analogues combined with any
oral antidiabetic drugs was also associated with worsening of the glycaemic control after
the lockdown. An explanation is not easy. We suppose that such treatment only expresses
a generally worse control of an individual patient, who might be more susceptible to
adverse metabolic effects of the lockdown. Unexpectedly, neither overweight nor obesity
was associated with an increased HbAlc after the lockdown, possibly being overruled by
the seasonal effect.

Deterioration in glycaemic control in the previous period was associated with
improved glycaemic control throughout the observation period, mirroring a possible
impact of treatment intensification.

The univariable analysis yielded other risk factors, such as oncological disease and
foreign mother tongue. However, we regard these results as less reliable than the
multivariate analysis, and we interpret them with caution.

As only a negligible number of patients were infected by the SARS-CoV-2 virus, we
could not search for a relationship to glycaemic control.

We explain the finding of a reduced number of outpatient consultations and
hospitalizations by the official lockdown measures and partly through the generally
observed drop in medical consultations due to fear of SARS-Cov-2 infection.

5. Conclusions

The national lockdown in Switzerland did not negatively affect the overall glycaemic
control in patients with type 1 and 2 diabetes. The strong seasonal effect might have
contributed to the maintenance of the glycaemic control during spring. However, a
subgroup of patients with type 2 diabetes was at higher risk for worsening their HbAlc
levels after the lockdown. We could identify personal characteristics associated with



J. Clin. Med. 2021, 10, 4098 14 of 16

increased odds for deterioration of individual HbAlc. In future lockdowns, worsening of
glycaemic control in these patients could be mitigated by optimised care.

Author Contributions: Conceptualization, S.Z. and E.P.; Data curation, S.Z., L.H., S.D.G., and K.B.;
Formal analysis, S.D.G.; Funding acquisition, E.P.; Investigation, S.Z., L.H., S.D.G., K.B.,, and E.P;
Methodology, S.Z., 5.D.G., and E.P.; Project administration, S.Z. and E.P.; Resources, K.B.; Software,
K.B.; Supervision, S.Z., A.P., and E.P.; Validation, L.H. and A.P.; Visualization, S.Z., S.D.G., and E.P.;
Writing —original draft, S.Z., L.H., and E.P.; Writing—review and editing, S.Z., S.D.G., A.P., and
E.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Division of Internal Medicine, University Hospital Basel.

Institutional Review Board Statement: The Ethics Committee of Northern and Central Switzerland
stated that the study was not subject to the Human Research Act due to its design and that it
complied with the general ethic principles for research on humans (article 51 paragraph 2 Human
Research Act) (EKNZ-ID 2020-01788). We conducted the study in adherence to the criteria of the
Declaration of Helsinki, as revised in 2008.

Informed Consent Statement: Informed consent was obtained in the form of general consent to
participate in research performed at the University Hospital Basel or in the form of a missing
documented refusal. Patients who disagreed to participate were excluded from the study.

Data Availability Statement: Datasets generated during and/or analysed during the current study
are not publicly available but are available from the corresponding author on reasonable request.

Acknowledgments: We would like to thank M. Donath, Head of the Department of Endocrinology,
diabetes mellitus and metabolism, Basel, Switzerland, for his oral contribution to this manuscript,
and M. Trendelenburg, Division of Internal Medicine, University Hospital Basel, for reviewing this
manuscript.

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

References

1.

10.

Allweiss, P. Diabetes and Disasters: Recent Studies and Resources for Preparedness. Curr. Diabetes Rep. 2019, 19, 131,
d0i:10.1007/s11892-019-1258-7.

Fonseca, V.A.; Smith, H.; Kuhadiya, N.; Leger, S.M.; Yau, C.L.; Reynolds, K.; Shi, L.; McDuffie, R.H.; Thethi, T.; John-Kalarickal,
J. Impact of a Natural Disaster on Diabetes: Exacerbation of disparities and long-term consequences. Diabetes Care 2009, 32,
1632-1638, d0i:10.2337/dc09-0670.

Ammar, A.; Brach, M.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudi, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.;
et al. Effects of COVID-19 Home Confinement on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19
International Online Survey. Nutrients 2020, 12, 1583, d0i:10.3390/nu12061583.

Batlle-Bayer, L.; Aldaco, R; Bala, A.; Puig, R.; Laso, J.; Margallo, M.; Vazquez-Rowe, I; Ant6, ].M.; Fullana-L.-Palmer, P.
Environmental and nutritional impacts of dietary changes in Spain during the COVID-19 lockdown. Sci. Total Environ. 2020,
748, 141410-141410, doi:10.1016/j.scitotenv.2020.141410.

Ferrante, G.; Camussi, E.; Piccinelli, C.; Senore, C.; Armaroli, P.; Ortale, A.; Garena, F.; Giordano, L. Did social isolation during
the SARS-CoV-2 epidemic have an impact on the lifestyles of citizens? Epidemiol. Prev. 2020, 44, 353-362, doi:10.19191/ep20.5-
6.52.137.

Kriaucioniene, V.; Bagdonaviciene, L.; Rodriguez-Pérez, C.; Petkeviciene, J. Associations between Changes in Health
Behaviours and Body Weight during the COVID-19 Quarantine in Lithuania: The Lithuanian COVIDiet Study. Nutrients 2020,
12, 3119, doi:10.3390/nu12103119.

Robinson, E.; Boyland, E.; Chisholm, A.; Harrold, J.; Maloney, N.G.; Marty, L.; Mead, B.R.; Noonan, R.; Hardman, C.A. Obesity,
eating behavior and physical activity during COVID-19 lockdown: A study of UK adults. Appetite 2020, 156, 104853-104853,
doi:10.1016/j.appet.2020.104853.

Sidor, A.; Rzymski, P. Dietary Choices and Habits during COVID-19 Lockdown: Experience from Poland. Nutrients 2020, 12,
1657, d0i:10.3390/nu12061657.

Tison, G.H.; Avram, R.; Kuhar, P.; Abreau, S.; Marcus, G.M.; Pletcher, M.].; Olgin, J.E. Worldwide Effect of COVID-19 on
Physical Activity: A Descriptive Study. Ann. Intern. Med. 2020, 173, 767-770, d0i:10.7326/m20-2665.

Vinkers, C.H.; van Amelsvoort, T.; Bisson, ]J.I; Branchi, I.; Cryan, J.F.; Domschke, K.; Howes, O.D.; Manchia, M.; Pinto, L.; de
Quervain, D.; et al. Stress resilience during the coronavirus pandemic. Eur. Neuropsychopharmacol. 2020, 35, 12-16,
doi:10.1016/j.euroneuro.2020.05.003.



J. Clin. Med. 2021, 10, 4098 15 of 16

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Zhu, L.; She, Z.-G.; Cheng, X.; Qin, J.-J.; Zhang, X.-J.; Cai, J.; Lei, F.; Wang, H.; Xie, J.; Wang, W.; et al. Association of Blood
Glucose Control and Outcomes in Patients with COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab. 2020, 31, 1068-1077.e3,
doi:10.1016/j.cmet.2020.04.021.

Biancalana, E.; Parolini, F.; Mengozzi, A.; Solini, A. Short-term impact of COVID-19 lockdown on metabolic control of patients
with well-controlled type 2 diabetes: A single-centre observational study. Acta Diabetol. 2020, 58, 431-436, doi:10.1007/s00592-
020-01637-y.

Bonora, B.M.; Boscari, F.; Avogaro, A.; Bruttomesso, D.; Fadini, G.P. Glycaemic Control Among People with Type 1 Diabetes
During Lockdown for the SARS-CoV-2 Outbreak in Italy. Diabetes Ther. 2020, 11, 1369-1379, doi:10.1007/s13300-020-00829-7.
Dover, A.R.; Ritchie, S.A.; McKnight, J.A.; Strachan, M.W.].; Zammitt, N.N.; Wake, D.; Forbes, S.; Stimson, R.H.; Gibb, F.W.
Assessment of the effect of the COVID-19 lockdown on glycaemic control in people with type 1 diabetes using flash glucose
monitoring. Diabet. Med. 2020, 38, doi:10.1111/dme.14374.

Fernandez, E.; Cortazar, A.; Bellido, V. Impact of COVID-19 lockdown on glycemic control in patients with type 1 diabetes.
Diabetes Res. Clin. Pract. 2020, 166, 108348-108348, doi:10.1016/j.diabres.2020.108348.

Karatas, S.; Yesim, T.; Beysel, S. Impact of lockdown COVID-19 on metabolic control in type 2 diabetes mellitus and healthy
people. Prim. Care Diabetes 2021, 15, 424-427, doi:10.1016/j.pcd.2021.01.003.

Onmez, A.; Gamsizkan, Z.; Ozdemir, S.; Kesikbas, E.; Gokosmanoglu, F.; Torun, S.; Cinemre, H. The effect of COVID-19
lockdown on glycemic control in patients with type 2 diabetes mellitus in Turkey. Diabetes Metab. Syndr. Clin. Res. Rev. 2020, 14,
1963-1966, doi:10.1016/j.dsx.2020.10.007.

Rastogi, A.; Hiteshi, P.; Bhansali, A. Improved glycemic control amongst people with long-standing diabetes during COVID-19
lockdown: A prospective, observational, nested cohort study. Int. . Diabetes Dev. Ctries. 2020, 40, 476-481, doi:10.1007/s13410-
020-00880-x.

Sankar, P.; Ahmed, W.N.; Koshy, V.M.; Jacob, R.; Sasidharan, S. Effects of COVID-19 lockdown on type 2 diabetes, lifestyle and
psychosocial health: A hospital-based cross-sectional survey from South India. Diabetes Metab. Syndr. Clin. Res. Rev. 2020, 14,
1815-1819, doi:10.1016/j.dsx.2020.09.005.

Verma, A.; Rajput, R.; Verma, S.; Balania, V.K,; Jangra, B. Impact of lockdown in COVID 19 on glycemic control in patients with
type 1 Diabetes Mellitus. Diabetes Metab. Syndr. Clin. Res. Rev. 2020, 14, 1213-1216, d0i:10.1016/j.dsx.2020.07.016.

D'Onofrio, L.; Pieralice, S.; Maddaloni, E.; Mignogna, C.; Sterpetti, S.; Coraggio, L.; Luordi, C.; Guarisco, G.; Leto, G.; Leonetti,
F.; et al. Effects of the COVID -19 lockdown on glycaemic control in subjects with type 2 diabetes: The glycalock study. Diabetes,
Obes. Metab. 2021, 23, 1624-1630, d0i:10.1111/dom.14380.

Beer-Borst, S.; Costanza, M.C.; Pechere-Bertschi, A.; Morabia, A. Twelve-year trends and correlates of dietary salt intakes for
the general adult population of Geneva, Switzerland. Eur. ]. Clin. Nutr. 2007, 63, 155-164, doi:10.1038/sj.ejcn.1602922.

Rolland, B.; Haesebaert, F.; Zante, E.; Benyamina, A.; Haesebaert, J.; Franck, N. Global Changes and Factors of Increase in
Caloric/Salty Food Intake, Screen Use, and Substance Use During the Early COVID-19 Containment Phase in the General
Population in France: Survey Study. JMIR Public Health Surveill. 2020, 6, €19630, doi:10.2196/19630.

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,
d0i:10.1186/512967-020-02399-5.

Lehtisalo, J.; Palmer, K.; Mangialasche, F.; Solomon, A.; Kivipelto, M.; Ngandu, T. Changes in Lifestyle, Behaviors, and Risk
Factors for Cognitive Impairment in Older Persons During the First Wave of the Coronavirus Disease 2019 Pandemic in Finland:
Results From the FINGER Study. Front. Psychiatry 2021, 12, 624125, doi:10.3389/fpsyt.2021.624125.

Kaufmann, M. Bier-, Wein- und Schnapskonsum brechen ein: Die Schweiz geht niichtern durch den Lockdown. Available
online: https://nzzas.nzz.ch/wirtschaft/trockener-lockdown-schweizer-konsumieren-weniger-alkohol-1d.1558987 (accessed on

12 April 2021).

Eidgenossisches Departement fiir Wirtschaft, Bildung und Forschung, Bundesamt fiir Landwirtschaft. Deutlicher Anstieg der
Nachfrage nach Bio-Milchprodukten im Jahr. Available online:
https://www.blw.admin.ch/blw/de/home/markt/marktbeobachtung/bio.html (accessed on 27 March 2021).

Bundesamt fiir Statistik, Mobilitdts-Monitoring Covid. Available online:

https://www.experimental.bfs.admin.ch/expstat/de/home/innovative-methoden/mobil.html (accessed on 27 March 2021).
Cheval, B.; Sivaramakrishnan, H.; Maltagliati, S.; Fessler, L.; Forestier, C.; Sarrazin, P.; Orsholits, D.; Chalabaev, A.; Sander, D;
Ntoumanis, N.; et al. Relationships between changes in self-reported physical activity, sedentary behaviour and health during
the coronavirus (COVID-19) pandemic in France and Switzerland. ]. Sports Sci. 2020, 39, 699-704,
d0i:10.1080/02640414.2020.1841396.

Aegerter, A.M.; Deforth, M.; Sjegaard, G.; Johnston, V.; Volken, T.; Luomajoki, H.; Dratva, J.; Dressel, H.; Distler, O.; Melloh,
M.; et al. No Evidence for a Decrease in Physical Activity Among Swiss Office Workers During COVID-19: A Longitudinal
Study. Front. Psychol. 2021, 12, doi:10.3389/fpsyg.2021.620307.

Asplund, J. Seasonal Variation of HbAlc in Adult Diabetic Patients. Diabetes Care 1997, 20, 234-234,
do0i:10.2337/diacare.20.2.234a.

Ferrie, C.D.; Sharpe, T.C.; Price, D.A.; Surtees, R.A. Seasonal variation of glycosylated haemoglobin. Arch. Dis. Child. 1987, 62,
959-960, doi:10.1136/adc.62.9.959.



J. Clin. Med. 2021, 10, 4098 16 of 16

33.

34.

35.

36.

37.

38.

39.

40.

Gikas, A.; Sotiropoulos, A.; Pastromas, V.; Papazafiropoulou, A.; Apostolou, O.; Pappas, S. Seasonal variation in fasting glucose
and HbAlc in patients with type 2 diabetes. Prim. Care Diabetes 2009, 3, 111-114, doi:10.1016/j.pcd.2009.05.004.
Goémez-Huelgas, R.; Santamaria-Fernandez, S.; Guijarro-Merino, R.; Navajas-Luque, F.; Tinahones, F.J.; Roman-Teran, CM.S,;
Picon, M.].; Bernal-Lépez, M.R. Seasonal variability of glycated hemoglobin in a diabetic population from southern Europe. ].
Diabetes Complicat. 2013, 27, 618-620, doi:10.1016/j.jdiacomp.2013.04.013.

Ishii, H.; Suzuki, H.; Baba, T.; Nakamura, K.; Watanabe, T. Seasonal variation of glycemic control in type 2 diabetic patients.
Diabetes Care 2001, 24, 1503-1503, d0i:10.2337/diacare.24.8.1503.

Liang, W.W. Seasonal Changes in Preprandial Glucose, A1C, and Blood Pressure in Diabetic Patients. Diabetes Care 2007, 30,
2501-2502, d0i:10.2337/dc07-0597.

Maguire, G.A.; Edwards, O.M. Seasonal variation in glycated haemoglobin in diabetics. Ann. Clin. Biochem. Int. ]. Lab. Med. 2001,
38, 59-60, doi:10.1258/0004563011900308.

Pereira, M.T.R.E.P.; Lira, D.; Bacelar, C.; Oliveira, ]J.C.; de Carvalho, A.F.C. Seasonal variation of haemoglobin Alc in a
Portuguese adult population. Arch. Endocrinol. Metab. 2015, 59, 231-235, doi:10.1590/2359-3997000000043.

Tseng, C.-L.; Brimacombe, M.; Xie, M.; Rajan, M.; Wang, H.; Kolassa, J.; Crystal, S.; Chen, T.-C.; Pogach, L.; Safford, M. Seasonal
Patterns in Monthly Hemoglobin Alc Values. Am. ]. Epidemiology 2005, 161, 565-574, d0i:10.1093/aje/kwi071.

Raphael, A.; Friger, M.; Biderman, A. Seasonal variations in HbAlc among type 2 diabetes patients on a semi-arid climate
between the years 2005-2015. Prim. Care Diabetes 2020, 15, 502-506, doi:10.1016/j.pcd.2020.11.013.



