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Introduction: Glycemic effects of COVID-19 lockdowns on patients with 
type 2 diabetes (T2D) are controversial. In this long-term observation, 
we  aimed (1) to analyze changes in HbA1c levels during lockdowns in 
Germany, and (2) to investigate whether diabetes medication, comorbidities, 
and sociodemographic data influenced these changes.

Materials and methods: This cohort study observed 1,089 patients aged 
≥18  years over the years 2019 to 2021. Patients were recruited from 14 
physicians specialized on diabetes. As dependent variable, 7,987 HbA1c 
values were analyzed by multivariable linear regression adjusted for random 
effects of physicians and patients.

Results: Patients had a median age of 68 (60/76) years and 623 
(57.2%) were male. Before the pandemic, median HbA1c level (in %) 
was 6.9 (6.3/7.7). Average HbA1c level increased during first lockdown 
(0.21,0.11/0.31,p  <  0.001), after first lockdown (0.23,0.18/0.28,p  <  0.001), 
during second lockdown (0.40,0.33/0.47,p  <  0.001) and after second 
lockdown (0.27,0.18/0.36,p  <  0.001). The increase of HbA1c levels was 
more pronounced in male patients (0.08,0.01/0.15,p  =  0.019), if patients 
did not have German as native language (0.12,0.01/0.23,p  =  0.041) and 
if they were widowed (0.19,0.05/0.32,p  =  0.008). End organ damages 
(0.12,0.01/0.23,p  =  0.039), atherosclerotic cardiovascular disease (ASCVD; 
0.23,0.10/0.36,p  =  0.001) and cardiovascular events (0.25,0.10/0.40,p  =  0.001) 
as well as oral medication (0.09,0.03/0.15,p  =  0.002), intermediate- or long-
acting insulins (0.24,0.16/0.32,p  <  0.001), and fast-acting or mixed insulins 
(0.30,0.23/0.36,p  <  0.001) were also related to a greater increase in HbA1c 
levels.

Conclusion: Both lockdowns resulted in a significant increase in HbA1c 
levels. In particular, patients with ASCVD, cardiovascular events, and insulin 
therapy appear to be at risk for worsening glycemic control in crisis and thus 
require special medical attention.

Clinical Trial Registration: ClinicalTrials.gov (NCT04821921).
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Introduction

In 2020, the COVID-19 pandemic spread worldwide (1). In order 
to reduce the incidence of the virus, nationwide lockdowns were 
implemented in most countries (2, 3). In Germany, a first lockdown 
was imposed from 22 March to 6 May 2020 and a second lockdown 
from 13 December 2020 to 30 June 2021 (2, 3). During lockdowns, 
people were encouraged to stay at home, public life was restricted and 
planned treatments in hospitals were postponed (2, 4). Also, utilization 
of outpatient health care declined as many patients were concerned 
about the high infection rate and mortality risk associated with 
COVID-19 (2, 4).

Indeed, people with type 2 diabetes, high HbA1c (glycosylated 
hemoglobin A1c), and comorbidities such as coronary artery disease 
and hypertension had an increased risk of death after COVID-19 
infection (5). In Hamburg, a German metropolitan area, 8.1% of the 
population (9.0% men and 7.5% women) receive outpatient treatment 
for type 2 diabetes mellitus (6). The prevalence of diabetes increases 
with age and the most deprived districts of Hamburg have the highest 
proportion of patients with type 2 diabetes (6).

The lockdowns may have led to adverse health outcomes, 
particularly in patients with diabetes mellitus (DM), as physical 
inactivity and lack of follow-up consultations can result in worsening 
glycemic control (7) and thus increased HbA1c. For example, the UK 
Prospective Diabetes Study (UKPDS) found that in the HbA1c range 
between 5.5 and 10%, the risk of myocardial infarction and diabetes-
related deaths increases almost linearly (8). For example, for every 1% 
increase in updated mean HbA1c, a 14% higher risk of myocardial 
infarction and a 21% higher risk of diabetes-related death were 
demonstrated during the study (8).

Several studies investigated the glycemic effects of lockdown 
on patients with diabetes. However, most studies of the glycemic 
effects of lockdown were conducted in patients with type 1 diabetes 
(T1D), although 90 to 95% of patients with diabetes are type 2 
(T2D) (7, 8). The studies investigating the association between 
lockdowns and T2D came to contradictory results. Some studies 
found an increase in HbA1c levels in T2D patients (9–18), while 
others found no change or even improvement in glycemic control 
(1, 19–24).

One explanation for this conflicting evidence could be  the 
relatively short observation period after lockdown. In most studies, 
Hba1c was measured early at the end of the lockdown period and then 
compared with HbA1c levels before lockdown (10, 11, 14, 19–22, 24). 

To the best of our knowledge, there is no published long-term 
observation of HbA1c after COVID-19 lockdown, yet. This is 
important, because HbA1c changes slowly over a period of 8 to 
12 weeks as its concentration depends on both blood glucose and 
erythrocyte lifespan, which is approximately 120 days (25). Hence, a 
longer observation period after lockdown would have been required 
to properly assess its effect on HbA1c. In addition, few studies 
considered that HbA1c levels can be influenced by other variables 
besides lockdown, such as socio-economic status (SES) (26), regional 
deprivation (27), social support (28), and particularly diabetes 
medication (29).

Therefore, we conducted this multicenter, observational cohort 
study over three years to examine the glycemic effects of two 
lockdowns on T2D. The aim of this study was (1) to analyze if 
lockdown phases of the COVID-19 pandemic were associated with 
increasing HbA1c levels, and (2) to examine if patients’ diabetes 
medication, diabetes-related comorbidities, and socio-demographic 
data are mediating the change in these levels.

Materials and methods

Design, study population and data set

We conducted the longitudinal observational study CoDiaM 
(“impact of COvid-19 pandemic on DIAbetes Management”), which 
was based on data extraction from patient records in general practices 
supplemented by a postal survey. The study was registered in 
ClinicalTrials.gov (NCT04821921) and approved by the “Local 
Psychological Ethics Committee at the Center for Psychosocial 
Medicine of the University Medical Center Hamburg-Eppendorf ” on 
19 January 2021 (Approval-No. LPEK-0243).

Patients were recruited from three cooperating practices 
specialized on the treatment of patients with diabetes, in which a total 
of 14 physicians participated in our study. All patients from the 
respective physicians were screened for eligibility. We  included 
patients if any diagnosis of diabetes was documented in the records, 
if they were at least 18 years old, and if they had at least one contact 
with the attending physician from the participating practice in 2019 
and in 2020, respectively.

We excluded patients with gestational diabetes or if they had 
deceased before recruitment. Other exclusion criteria comprised the 
change of the attending diabetologist and lack of a valid postal address. 
Moreover, patients were excluded if they could not read and write or 
had insufficient German language skills, no capacity to consent or 
functional limitations precluding participation in the survey.

Eligible patients were contacted by mail and invited to participate 
in the study. They received an envelope with standardized 
questionnaire, patient information about the study, and a consent 
form facilitating data extraction. Time and place in which the 
questionnaire was filled out were chosen by the patient. Patients were 

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CASMIN, 

Comparative Analysis of Social Mobility in Industrial Nations; CGM, continuous 

glucose monitoring; COVID-19, corona virus disease 2019; FGM, flash glucose 

monitoring; HbA1c, glycosylated hemoglobin A1c; HCL, hybrid closed loop system; 

SES, socio-economic status; T1D, type 1 diabetes; T2D, type 2 diabetes; UKPDS, 

UK Prospective Diabetes Study.
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excluded retrospectively if they had type 1 diabetes or 
pancreoprive diabetes.

Patient recruitment and postal survey were conducted between 
22 February and 6 April 2021 for practice 1, between 2 June and 4 
August 2021 for practice 2 and between 30 November 2021 and 5 
April 2022 for practice 3. The survey included the socio-
demographic data age, sex, marital status, native language and 
general and vocational education. The information about education 
was used to assign patients to three hierarchical educational levels 
pursuant to the CASMIN (“Comparative Analysis of Social Mobility 
in Industrial Nations”) classification, ie, tertiary, secondary and 
below (30).

For all patients who had given written consent, diagnoses of 
cardiovascular risk factors such as hypertension, atherosclerotic 
cardiovascular disease (ASCVD) such as chronic ischemic heart 
disease, end organ damages such as retinopathy, cardiovascular 
events such as myocardial infarction, and heart failure were 
extracted from patient records. We also extracted prescriptions for 
diabetes medication and results of blood tests commissioned by the 
practice in the time frame between 1 January 2019 and 31 December 
2021 and indicating HbA1c levels.

Statistical analyses

Descriptive data of the sample were described by fractions and 
medians with interquartile ranges, respectively. Median HbA1c 
levels per month and phase of the COVID-19 pandemic were 
shown for each month with more than 100 observations. As phases 
we  defined the times (1) before first lockdown in Germany (1 
January 2019 to 21 March 2020), (2) during first lockdown (22 
March 2020 to 6 May 2020), (3) after first lockdown (7 May 2020 to 
12 December 2020), (4) during second lockdown (13 December 
2020 to 30 June 2021), and (5) after second lockdown (1 July 2021 
to 31 December 2021).

Associations between independent variables age, sex, marital 
status, native language, educational level, diabetes-related 
comorbidity, prescribed diabetes medication in the 90 days 
preceding the blood test and the dependent variable HbA1c level 
were analyzed by longitudinal mixed-effects multivariable linear 
regression. The analysis was controlled for random effects on 
physician and patient within physician level, adjusted for the 
patient’s HbA1c level in the measurement directly preceding the 
analyzed observation and controlled for number of the respective 
measurement and phase of COVID-19 pandemic.

We compared a model comprising only observations before the 
COVID-19 pandemic with a model comprising only observations 
during the COVID-19 pandemic. Additionally, we  conducted 
unadjusted longitudinal analyses for the independent variables 
mentioned above. These analyses were also controlled for random 
effects on practice and patient level, adjusted for the previous 
HbA1c levels and controlled for number of measurement and phase 
of pandemic. Additionally, the distribution of continuous variables 
was analyzed by kernel-density estimation and a correlation matrix 
between independent variables was calculated using Pearson 
correlations. An alpha level of 5% (p < 0.05) was defined as 
statistically significant. The statistical analyses were performed 
using Stata 15.1.

Results

Patient recruitment is described in Figure 1. Of 9,434 screened 
patients, 2,945 did not meet criteria for eligibility and 4,986 did not 
respond. Of 1,503 patients returning a questionnaire, 105 could not 
be analyzed due to incomplete information. Of 1,398 participating 
patients with complete data set (21.5% of eligible patients), 309 were 
excluded retrospectively because of type 1 or pancreoprive diabetes, 
and 1,089 could be included in our data analysis. All patients had at 
least two measurements of HbA1c. In addition to the baseline 
measurement, a median of 4 (interquartile range: 2/6) follow-up 
measurements of HbA1c per patient were documented during the 
observation time, which covered the time between 17 January 2019 
and 23 December 2021. The total number of HbA1c follow-up 
observations was 7,987. The number of these observations per patient 
is shown in Supplementary Figure S1.

The patients had a median age of 68 (60/76) years, 623 (57.2%) 
were male and 466 (42.8%) female. Marital status of 696 patients 
(63.9%) was married, 146 (13.4%) were single, 139 (12.8%) widowed 
and 108 (9.9%) divorced. Tertiary education was reported by 137 
patients (12.6%), 483 (44.4%) had secondary education and 469 
(43.1%) below. Most patients (1,001; 91.9%) had German and 88 
(8.1%) other languages than German as native language. Kernel-
density estimation of age is shown in Supplementary Figure S2. Before 
the first lockdown on 22 March 2020, 864 (79.3%) had cardiovascular 
risk factors, 539 (49.5%) end organ damages, 217 (19.9%) ASCVD, 
and 86 (7.9%) cardiovascular events. Heart failure had been diagnosed 
in 21 (1.9%) patients (cf. Table 1). During the observation time, 733 
patients (67.3%) received Metformin, 466 (42.8%) intermediate- or 
long-acting insulins, 410 (37.7%) fast-acting or mixed insulins, 338 
(31.0%) sodium-glucose co-transporter 2 (SGLT2) inhibitors, 331 
(30.4%) glucagon-like peptide 1 (GLP1) analogues, 177 (16.3%) 
dipeptidyl peptidase 4 (DPP4) inhibitors, 139 (12.8%) sulfonylureas 
and 9 (0.8%) Repaglinide (cf. Table 2). There were no missing values 
in the analyzed data.

At first measurement, median HbA1c level (in %) was 6.9 
(6.3/7.7). The change in HbA1c levels over time compared to the 
previous measurement is shown in Figure 2. Sex differences in the 
HbA1c change over time can be found in Supplementary Figure S3. 
In this figure, the months January to March 2019 are not 
represented due to a low number of follow-up observations 
(n = 3 in January 2019, n = 4 in February 2020, and n = 10 in March 
2020). During both lockdowns, HbA1c levels were increasing. In 
June 2020, after first lockdown, a first peak at +0.3 (−0.2/+0.8) 
could be observed. In July 2021, after second lockdown, a second 
peak occurred at +0.5 (−0.3/+1.0). From August 2021 on, these 
levels were stabilizing and in November 2021 they had reached the 
baseline of 0 (−0.5/+0.5) again. Kernel-density estimation of 
HbA1c including all follow-up measurements is shown in 
Supplementary Figure S4.

Correlation matrix of independent variables is shown in 
Supplementary Table S1. Excluding correlations between dummies of 
the same categorical variables, the only association in our data set with 
|r| ≥ 0.3 was found between age and being widowed (r = 0.33).

Associations between patient characteristics and change in HbA1c 
levels can be found in Table 3 and a comparison between effect sizes 
is shown in Supplementary Figure S5. There were significant 
differences between the phases of the COVID-19 pandemic. As 
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FIGURE 1

Recruitment of participants.
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compared to the time before the first lockdown, all subsequent phases 
were associated with an increase in HbA1c levels, ie, during first 
lockdown (0.21, 0.11/0.31, p < 0.001), after first lockdown (0.23, 
0.18/0.28, p < 0.001), during second lockdown (0.40, 0.33/0.47, 
p < 0.001) and after second lockdown (0.27, 0.18/0.36, p < 0.001). Also, 
measurement number (−0.03, −0.04/−0.02, p < 0.001) and HbA1c in 
the previous observation (0.33, 0.32/0.35, p < 0.001) had significant 
influence on this change.

In the multivariable models, the increase of HbA1c levels was 
more pronounced in male patients (0.08, 0.01/0.15, p = 0.019), if 
patients did not have German as native language (0.12, 0.01/0.23, 
p = 0.041), and if they were widowed (0.19 in comparison to being 
single, 0.05/0.32, p = 0.008). End organ damages (0.12, 0.01/0.23, 
p = 0.039), ASCVD (0.23, 0.10/0.36, p = 0.001), and cardiovascular 
events (0.25, 0.10/0.40, p = 0.001) as well as oral medication (0.09, 
0.03/0.15, p = 0.002), intermediate- or long-acting insulins (0.24, 
0.16/0.32, p < 0.001), and fast-acting or mixed insulins (0.30, 0.23/0.36, 
p < 0.001) were also related to a greater increase in HbA1c levels (cf. 
Table 3).

Multivariable models comparing the time before and during the 
pandemic are shown in Supplementary Tables S2, S3. Before the 
pandemic, increased HbA1c levels were associated with male sex 
(0.08, 0.01/014, p = 0.019), not having German as native language 
(0.12, 0.01/0.24, p = 0.033), ASCVD (0.13, 0.004/0.25, p = 0.043) as well 
as oral medication (0.14, 0.05/0.22, p = 0.001), intermediate- or long-
acting insulins (0.32, 0.20/0.44, p < 0.001) and fast-acting or mixed 
insulins (0.35, 0.26/0.44, p < 0.001). During the pandemic, increased 
HbA1c levels were associated with being widowed (0.22, 0.08/0.35, 
p = 0.002), ASCVD (0.21, 0.08/0.34, p = 0.001), and cardiovascular 
events (0.26, 0.12/0.41, p < 0.001) as well as oral medication (0.15, 
0.08/0.21, p < 0.001), intermediate- or long-acting insulins (0.29, 

0.19/0.38, p < 0.001), and fast-acting or mixed insulins (0.38, 0.31/0.46, 
p < 0.001).

The results of unadjusted analyses of our independent variables 
can be  found in Supplementary Tables S4–S10. In these analyses, 
increased HbA1c levels were associated with higher age (0.005, 
0.002/0.008, p = 0.003), male sex (0.08, 0.01/0.15, p = 0.035), being 
widowed (0.25, 0.11/0.39, p < 0.001), end organ damages (0.18, 
0.07/0.30, p = 0.002) and ASCVD (0.32, 0.18/0.46, p < 0.001), and 
cardiovascular events (0.34, 0.18/0.50, p < 0.001) as well as oral 
medication (0.09, 0.03/0.14, p = 0.003), intermediate- or long-acting 
insulins (0.24, 0.16/0.32, p < 0.001), and fast-acting or mixed insulins 
(0.31, 0.25/0.38, p < 0.001). Additionally, there was a lower increase of 
HbA1c levels in patients having tertiary education (−0.12, 
−0.23/−0.01, p = 0.036).

Discussion

Statement of principal findings

During the lockdown phases of the COVID-19 pandemic, the 
median HbA1c levels (in %) increased by up to +0.5. For 25% of the 
population, this increase was even up to +1.0 or more. As 
demonstrated in other studies, each 1% increase in HbA1c 
significantly aggravates the risk of myocardial infarction and mortality 
(8, 31). The observed increase in HbA1c was more pronounced in 
patients who are vulnerable due to impaired health status – as 
indicated by pre-pandemic diagnoses of end organ damages, ASCVD, 
and cardiovascular events – and intensive diabetes medication. Other 
patient groups at risk for unfavorable changes in HbA1c were male 
patients and patients who were widowed or whose native language is 
not German. Our sensitivity analyses suggest that health status, 
diabetes medication and marital status are related to deteriorating 
HbA1c values during the time of pandemic and lockdowns, while sex 
and native language might predominantly have had an effect on 
HbA1c in the time before the pandemic.

Comparison with the literature

In the unadjusted analyses of our study, older age was associated 
with a greater increase in HbA1c during our observation time. Other 
studies reported contradictory findings regarding these items (1). In 
one study, worsening glycemic control occurred more frequently in 
older T2D patients after lockdown (20), whereas in another study, 
mean HbA1c increased significantly in participants aged <50 years 
(18). The results of a meta-analysis revealed no difference between age 
groups (7). Uni- and multivariate logistic regression analyses of two 
studies showed no association between sex and glycemic worsening 
after lockdown (10, 20). In our analysis male patients were at greater 
risk of more unfavorable changes in HbA1c, but this effect was 
predominantly related to the time before COVID-19.

Prior studies have rarely examined the effect of education on 
HbA1c levels during lockdown. However, D’Onofrio et al. found no 
differences between HbA1c levels before and after lockdown 
depending on education (19), whereas our unadjusted analyses 
indicated that patients with tertiary education had a lower risk of 
adverse HbA1c changes. In general, T2D patients with high education 

TABLE 1 Comorbidity before the first lockdown on 22 March 2020 
(n  =  1,089).

Characteristic Distribution

Cardiovascular risk factors, thereof:

- Hypertension

- Obesity

- Dyslipidemia

- Tobacco abuse

864 (79.3%)

660 (60.6%)

531 (48.8%)

456 (41.9%)

62 (5.7%)

End organ damages, thereof:

- Neuropathy

- Nephropathy

- Diabetic foot syndrome

- Retinopathy

- Maculopathy

539 (49.5%)

405 (37.2%)

212 (19.5%)

92 (8.4%)

68 (6.2%)

4 (0.4%)

Atherosclerotic cardiovascular disease, 

thereof:

- Chronic ischaemic heart disease

- Peripheral arterial occlusive disease

- Atherosclerosis

217 (19.9%)

194 (17.8%)

39 (3.6%)

5 (0.5%)

Cardiovascular events, thereof:

- Stroke

- Myocardial infarction

86 (7.9%)

48 (4.4%)

44 (4.0%)

Heart failure 21 (1.9%)

n: number of participants.
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have lower HbA1c levels (26). Previous findings suggest an association 
between low educational attainment and behaviors that increase the 
risk of blood glucose deterioration, such as an inactive lifestyle and 
poor dietary habits (32, 33).

In Europe, there are many ethnic minorities that have a higher 
prevalence of T2D than their native counterparts. For example, people 
from the Middle East and North Africa living in Europe have a two to 
four times higher risk of T2D than their European host population 
(34). In city of Hamburg, six hundred and fifty thousand people have 
a migration background, which is 35% of the total population (35). 
However, we observed that T2D patients who did not have German 
as native language were at greater risk of more unfavorable changes in 
HbA1c, which could be due to lower health literacy among immigrants 
compared with natives (32, 36, 37). In addition to the language barrier, 
people with immigrant backgrounds often have lower SES than 
natives, which can affect access to care, communication with health 
care providers, treatment decisions, and ability to adhere to 
recommended therapy (26, 27). Patients with low SES have been 
shown to have higher HbA1c than those with high SES (26), and there 

is a clear association between low SES and diabetes complications, 
particularly retinopathy and cardiopathy (38). In our data, the effect 
of native language was mostly seen in the time before the pandemic.

We also observed that widowed T2D patients had a higher risk of 
more unfavorable changes in HbA1c levels, which could be due to a 
lack of social support (28).

In our study population, we  found that ASCVD, previous 
cardiovascular events and insulin treatment were associated with a 
greater increase in HbA1c. High HbA1c is significantly associated 
with retinopathy (39) as well as cardiac events and increased all-cause 
mortality (40). And, the risk of all-cause mortality is higher in patients 
treated with insulin than in those receiving oral combination 
medications (31, 40). A previous T2D study performed by Biamonte 
et al. found that insulin therapy was the only significant independent 
predictor of HbA1c worsening during the first lockdown (10). Falcetta 
et al. also observed that HbA1c worsening occurred more frequently 
in individuals on insulin therapy (20). In T2D, intensified treatment 
such as insulin therapy is often used in patients with reduced 
functional beta-cell activity that occurs with long-term disease. In 

TABLE 2 Diabetes medication prescribed at least once during observation time (n  =  1,089).

Characteristic Distribution

A10BA Biguanides, thereof

- A10BA02 Metformin

733 (67.3%)

733 (67.3%)

A10AC/A10AE Insulins for injection, intermediate- or long-acting, thereof:

- A10AE04 Insulin glargine, long-acting

- A10AE05 Insulin detemir, long-acting

- A10AE06 Insulin degludec, long-acting

- A10AC01 Insulin (human), intermediate acting

466 (42.8%)

309 (28.4%)

97 (8.9%)

58 (5.3%)

50 (4.6%)

A10AB Insulins for injection, fast-acting or mixed, including

- A10AB05 Insulin aspart, fast acting

- A10AB04 Insulin lispro, fast acting

- A10AB01 Insulin (human), fast acting

- A10AB06 Insulin glulisine, fast acting

- A10AD01 Insulin (human), intermediate- or long- combined with fast-acting

- A10AD05 Insulin aspart, intermediate- or long- combined with fast-acting

410 (37.7%)

145 (13.3%)

121 (11.1%)

116 (10.7%)

55 (5.1%)

41 (3.8%)

4 (0.4%)

A10BK Sodium-glucose co-transporter 2 (SGLT2) inhibitors, thereof:

- A10BK03 Empagliflozin

- A10BK01 Dapagliflozin

338 (31.0%)

209 (19.2%)

147 (13.5%)

A10BJ Glucagon-like peptide 1 (GLP1) analogues, thereof:

- A10BJ05 Dulaglutide

- A10BJ06 Semaglutide

- A10BJ02 Liraglutide

- A10BJ01 Exenatide

- A10BJ03 Lixisenatide

331 (30.4%)

182 (16.7%)

124 (11.4%)

64 (5.9%)

3 (0.3%)

1 (0.1%)

A10BH Dipeptidyl peptidase 4 (DPP4) inhibitors, thereof:

- A10BH01 Sitagliptin

- A10BH03 Saxagliptin

- A10BH05 Linagliptin

177 (16.3%)

174 (16.0%)

2 (0.2%)

2 (0.2%)

A10BB Sulfonylureas, thereof

- A10BB01 Glibenclamide

- A10BB12 Glimepiride

139 (12.8%)

76 (7.0%)

72 (6.6%)

A10BX Meglitinides, thereof

- A10BX02 Repaglinide

9 (0.8%)

9 (0.8%)

n: number of participants.
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addition, insulin is preferred for comorbidities such as chronic kidney 
disease, which can be a contraindication to oral antidiabetic drugs (10, 
20). Our results suggest that the glycemic control of patients on insulin 
therapy tends to be unstable and therefore is more likely to deteriorate 
in crisis situations.

Implications for clinical practice

Elevated HbA1c has been shown to be associated with micro- and 
macrovascular comorbidities, cardiac events, and increased total 
mortality (8, 31, 39, 40). Thus, it is important to prevent deterioration 
of glycemic control in diabetic patients, even in crisis.

Our results clearly demonstrated that glycemic control of T2D 
patients may deteriorate during stressful situations such as pandemic 
lockdowns. We identified subgroups that are at higher risk of glycemic 
worsening and therefore require special medical attention. In 
particular, patients with ASCVD, cardiovascular events, and those on 
insulin therapy appear to be at highest risk for worsening glycemic 
control. Lack of social support (e.g., patients living alone after the 
death of their spouse) or low SES (e.g., low education or due to 
migration background) are other risk factors that may lead to 
worsening glycemic control due to contact limitations and health 
care restrictions.

In contrast to T2D, T1D patients use digital treatments such as 
continuous glucose monitoring (CGM), flash glucose monitoring 
(FGM) and hybrid closed loop system (HCL) more often, which had 
a positive impact on glycemic control during lockdown (41–43). These 
findings suggest that T2D patients might also benefit from digital 
diabetes management in stressful situations as FGM and CGM might 
also help T2D patients keep their blood glucose levels stable in future 
pandemics (9). In addition, telemedicine could help overcome 

physical barriers and improve access to healthcare (not only) in a 
pandemic context (3).

Strengths and limitations

Compared with other studies analyzing the association between 
COVID-19 lockdown and glycemic control, CoDiaM has a long 
observation time of 36 months, a large sample size of 1,089 patients, 
and it is based on multilevel, multivariable analyses, which allow for 
cluster effects on the level of healthcare providers and include 
important covariates like marital status, education, native language, 
comorbidities and diabetes medication.

Other strengths of our study include high data quality of the 
dependent variable (ie, laboratory results from blood tests), a complete 
data set without missing values, and a median of four follow-up 
measurements per patient of the outcome variable. The robustness of 
the results is confirmed by sensitivity analyses comparing the time 
before and during the pandemic and by additional analyses examining 
the unadjusted effect of the independent variables on the outcome.

A limitation of the study is the low participation rate of 21.5%, 
which could be related to a higher rate of better educated and more 
healthy living patients participating in our study. Therefore, changes 
during lockdowns and association with other factors could have been 
estimated too conservatively. However, despite possible effects on the 
representativeness of samples, low participation rates usually do not 
affect the association identified in the data set (44–47). Also, low 
participation rates are common to many COVID-19 studies (eg, 12% 
in Ayoubkhani et  al. 2022 (48)). Other factors possibly affecting 
representativeness of our study are a low number of included health 
care providers (n = 14) and limiting the study area to the city of 
Hamburg, ie, one metropolitan area in Germany. Patients who died 

FIGURE 2

Median and interquartile range of change* in HbA1c levels (in %) over time by phases of COVID-19 pandemic (n  =  1,089; N  =  7,970**) * compared to 
first measurement; ** 17 observations between January and March 2019 excluded; n: number of participants; N: number of observations.
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during the COVID-19 pandemic are not represented in our data set. 
As worse glycemic control is related to an increased risk of death due 
to COVID-19 (5), effects of pandemic and lockdown on HbA1c levels 
might have been underestimated.

It needs to be noted that only patients with T2D were considered 
in our analyses, although the CoDiaM study included both T1D and 
T2D. As T1D differs from T2D in terms of pathogenesis, treatment 
options and mean age of patients (9), the impact of the Covid-19 
pandemic on T1D will be assessed in a separate manuscript.

Additionally, socio-demographic factors only have been assessed 
at one time during the pandemic and some of them could therefore 
have changed during observation time without our knowledge, 

particularly marital status. However, the frequency of changes within 
these indicators is usually not very high. It is also possible that factors 
such as depressive disorders, which are not represented in our 
statistical models, had an additional effect on HbA1c values during 
the observation time.

Conclusion

Both lockdowns resulted in an increase in HbA1c levels, which puts 
T2D patients at higher risk for myocardial infarction and mortality. In 
particular, patients with ASCVD, previous cardiovascular events, and 

TABLE 3 Association between patient characteristics and change in HbA1c levels (in %): results from multilevel mixed effects linear regression analysis 
(n  =  1,089; N  =  7,987).

Characteristic ß (95% CI) p

Phase of COVID-19 pandemic:

- before first lockdown (1 January 2019 to 21 March 2020)

- during first lockdown (22 March 2020 to 6 May 2020)

- after first lockdown (7 May 2020 to 12 December 2020)

- during second lockdown (13 December 2020 to 30 June 2021)

- after second lockdown (1 July 2021 to 31 December 2021)

reference

0.21 (0.11/0.31)

0.23 (0.18/0.28)

0.40 (0.33/0.47)

0.27 (0.18/0.36)

< 0.001

< 0.001

< 0.001

< 0.001

Measurement number −0.03 (−0.04/−0.02) <0.001

HbA1c at previous measurement 0.33 (0.32/0.35) <0.001

Age −0.001 (−0.004/0.003) 0.640

Sex:

- female

- male

reference

0.08 (0.01/0.15) 0.019

Marital status:

- single

- married

- widowed

- divorced

reference

-0.05 (−0.15/0.05)

0.19 (0.05/0.32)

0.04 (−0.09/0.18)

0.297

0.008

0.553

Native language:

- German

- other than German

reference

0.12 (0.005/0.24) 0.041

Educational level (pursuant to CASMIN):

- inadequately completed, general elementary or basic vocational

- secondary school certificate or “A” level equivalent

- higher or lower tertiary education

reference

-0.02 (−0.09/0.05)

-0.09 (−0.19/0.01)

0.591

0.087

Comorbidity before first lockdown (22 March 2020):

- no ASCVD, no end organ damage, and low cardiovascular risk

- no ASCVD, no end organ damage, and high cardiovascular risk

- no ASCVD and at least one end organ damage

- ASCVD and no cardiovascular event

- ASCVD and at least one cardiovascular event

- Heart failure

reference

0.10 (−0.01/0.21)

0.12 (0.01/0.23)

0.23 (0.10/0.36)

0.25 (0.10/0.40)

-0.10 (−0.34/0.13)

0.090

0.039

0.001

0.001

0.400

Diabetes medication in the 90 days before HbA1c measurement:

- no medication

- oral medication, but no GLP1 analogues and no insulins

- oral medication and GLP1 analogues, but no insulins

- intermediate- or long-acting insulins, but no fast-acting or mixed

- fast-acting or mixed insulins

reference

0.09 (0.03/0.15)

0.003 (−0.08/0.08)

0.24 (0.16/0.32)

0.30 (0.23/0.36)

0.002

0.938

< 0.001

< 0.001

n: number of participants; N: number of observations; CI: confidence interval; CASMIN: Comparative Analysis of Social Mobility in Industrial Nations; ASCVD: atherosclerotic cardiovascular 
disease; CV: cardiovascular; DPP4: Dipeptidyl peptidase 4; SGLT2: Sodium-glucose co-transporter 2; GLP1: Glucagon-like peptide 1.
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those on insulin therapy appear to be  at highest risk for worsening 
glycemic control in crisis and thus require special medical attention. 
Digital solutions such as FGM and CGM could help keep their blood 
glucose levels stable in future pandemics. In addition, telemedicine might 
help overcome physical barriers and improve access to healthcare.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Local 
Psychological Ethics Committee at the Center for Psychosocial 
Medicine of the University Medical Center Hamburg-Eppendorf. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

IS: Conceptualization, Data curation, Formal analysis, Methodology, 
Visualization, Writing – original draft, Writing – review & editing. DT: 
Conceptualization, Methodology, Project administration, Supervision, 
Writing – original draft, Writing – review & editing. LW: Investigation, 
Writing – review & editing. LB: Investigation, Writing – review & editing. 
DL: Conceptualization, Writing – review & editing. MS: 
Conceptualization, Funding acquisition, Resources, Writing – review & 
editing.

Funding

The author(s) declare financial support was received for the research, 
authorship, and/or publication of this article. We acknowledge financial 

support from the Open Access Publication Fund of UKE 
(“Universitätsklinikum Hamburg-Eppendorf”) and DFG (“German 
Research Foundation”).

Acknowledgments

The authors would like to thank Anke Gottschalk et al. (MD, 
Diabetes Practice Barmbek), Susanne Rosenboom et al. (MD, Center 
for Diabetology Bergedorf), and Peter Witzel et al. (MD, Diabetes 
Center Wilhelmsburg) for their cooperation in conducting the 
CoDiaM study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1272769/
full#supplementary-material

References
 1. O’Mahoney LL, Highton PJ, Kudlek L, Morgan J, Lynch R, Schofield E, et al. The impact 

of the COVID-19 pandemic on glycaemic control in people with diabetes: a systematic review 
and meta-analysis. Diabetes Obes Metab. (2022) 24:1850–60. doi: 10.1111/dom.14771

 2. Ahrens KF, Neumann RJ, Kollmann B, Plichta MM, Lieb K, Tüscher O, et al. 
Differential impact of COVID-related lockdown on mental health in Germany. World 
Psychiatry. (2021) 20:140–1. doi: 10.1002/wps.20830

 3. Eberle C, Stichling S. Clinical improvements by telemedicine interventions 
managing type 1 and type 2 diabetes: systematic meta-review. J Med Internet Res. (2021) 
23:e23244. doi: 10.2196/23244

 4. Schäfer I, Hansen H, Menzel A, Eisele M, Tajdar D, Lühmann D, et al. The effect of 
COVID-19 pandemic and lockdown on consultation numbers, consultation reasons and 
performed services in primary care: results of a longitudinal observational study. BMC 
Fam Pract. (2021) 22:125. doi: 10.1186/s12875-021-01471-3

 5. Stefan N, Sippel K, Heni M, Fritsche A, Wagner R, Jakob CE, et al. Obesity and 
impaired metabolic health increase risk of COVID-19-related mortality in young and 
middle-aged adults to the level observed in older people: the LEOSS registry. Front Med. 
(2022) 9:875430. doi: 10.3389/fmed.2022.875430

 6. Fertmann R, Möller N, Saier U. Behörde für Gesundheit und Verbraucherschutz 
Freie und Hansestadt Hamburg In: Risikofaktoren und Prävention von diabetes in 
Hamburg. Gesundheitsbericht [risk factors and prevention of diabetes in Hamburg. Health 
report.]. Hamburg: Hartung (2018)

 7. Silverii GA, Delli Poggi C, Dicembrini I, Monami M, Mannucci E. Glucose control 
in diabetes during home confinement for the first pandemic wave of COVID-19: a meta-
analysis of observational studies. Acta Diabetol. (2021) 58:1603–11. doi: 10.1007/
s00592-021-01754-2

 8. Stratton IM, Adler AI, Neil HAW, Matthews DR, Manley SE, Cull CA, et al. 
Association of glycaemia with macrovascular and microvascular complications of type 
2 diabetes (UKPDS 35): prospective observational study. BMJ. (2000) 321:405–12. doi: 
10.1136/bmj.321.7258.405

 9. Eberle C, Stichling S. Impact of COVID-19 lockdown on glycemic control in 
patients with type 1 and type 2 diabetes mellitus: a systematic review. Diabetol Metab 
Syndr. (2021) 13:1–8. doi: 10.1186/s13098-021-00705-9

 10. Biamonte E, Pegoraro F, Carrone F, Facchi I, Favacchio G, Lania AG, et al. 
Weight change and glycemic control in type 2 diabetes patients during COVID-19 
pandemic: the lockdown effect. Endocrine. (2021) 72:604–10. doi: 10.1007/s12020- 
021-02739-5

 11. 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. (2021) 58:431–6. doi: 10.1007/
s00592-020-01637-y

 12. Farhane H, Motrane M, Anaibar F-E, Motrane A, Abeid SN, Harich N. COVID-19 
pandemic: effects of national lockdown on the state of health of patients with type 2 

https://doi.org/10.3389/fpubh.2023.1272769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1272769/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1272769/full#supplementary-material
https://doi.org/10.1111/dom.14771
https://doi.org/10.1002/wps.20830
https://doi.org/10.2196/23244
https://doi.org/10.1186/s12875-021-01471-3
https://doi.org/10.3389/fmed.2022.875430
https://doi.org/10.1007/s00592-021-01754-2
https://doi.org/10.1007/s00592-021-01754-2
https://doi.org/10.1136/bmj.321.7258.405
https://doi.org/10.1186/s13098-021-00705-9
https://doi.org/10.1007/s12020-021-02739-5
https://doi.org/10.1007/s12020-021-02739-5
https://doi.org/10.1007/s00592-020-01637-y
https://doi.org/10.1007/s00592-020-01637-y


Schäfer et al. 10.3389/fpubh.2023.1272769

Frontiers in Public Health 10 frontiersin.org

diabetes mellitus in a Moroccan population. Prim Care Diabetes. (2021) 15:772–7. doi: 
10.1016/j.pcd.2021.06.007

 13. 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) 15:424–7. doi: 
10.1016/j.pcd.2021.01.003

 14. Khare J, Jindal S. Observational study on effect of lock down due to COVID 19 on 
HBA1c levels in patients with diabetes: experience from Central India. Prim Care 
Diabetes. (2022) 16:775–9. doi: 10.1016/j.pcd.2020.12.003

 15. Munekawa C, Hosomi Y, Hashimoto Y, Okamura T, Takahashi F, Kawano R, et al. 
Effect of coronavirus disease 2019 pandemic on the lifestyle and glycemic control in 
patients with type 2 diabetes: a cross-section and retrospective cohort study. Endocr J. 
(2021) 68:201–10. doi: 10.1507/endocrj.EJ20-0426

 16. Ojo O, Wang X-H, Ojo OO, Orjih E, Pavithran N, Adegboye ARA, et al. The effects 
of COVID-19 lockdown on glycaemic control and lipid profile in patients with type 2 
diabetes: a systematic review and meta-analysis. Int J Environ Res Public Health. (2022) 
19:1095. doi: 10.3390/ijerph19031095

 17. Önmez A, Gamsızkan Z, Özdemir Ş, Kesikbaş E, Gökosmanoğlu F, Torun S, et al. 
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) 14:1963–6. doi: 10.1016/j.
dsx.2020.10.007

 18. Park S-D, Kim S-W, Moon JS, Lee YY, Cho NH, Lee J-H, et al. Impact of social 
distancing due to coronavirus disease 2019 on the changes in glycosylated hemoglobin 
level in people with type 2 diabetes mellitus. Diabetes Metab J. (2021) 45:109–14. doi: 
10.4093/dmj.2020.0226

 19. D’Onofrio L, Pieralice S, Maddaloni E, Mignogna C, Sterpetti S, Coraggio L, et al. 
Effects of the COVID-19 lockdown on glycaemic control in subjects with type 2 
diabetes: the glycalock study. Diabetes Obes Metab. (2021) 23:1624–30. doi: 10.1111/
dom.14380

 20. Falcetta P, Aragona M, Ciccarone A, Bertolotto A, Campi F, Coppelli A, et al. 
Impact of COVID-19 lockdown on glucose control of elderly people with type 2 diabetes 
in Italy. Diabetes Res Clin Pract. (2021) 174:108750. doi: 10.1016/j.diabres.2021.108750

 21. Ludwig L, Scheyer N, Remen T, Guerci B. The impact of COVID-19 lockdown on 
metabolic control and access to healthcare in people with diabetes: the CONFI-DIAB 
cross-sectional study. Diabetes Therapy. (2021) 12:2207–21. doi: 10.1007/
s13300-021-01105-y

 22. Psoma O, Papachristoforou E, Kountouri A, Balampanis K, Stergiou A, Lambadiari 
V, et al. Effect of COVID-19-associated lockdown on the metabolic control of patients 
with type 2 diabetes. J Diabetes Complicat. (2020) 34:107756. doi: 10.1016/j.
jdiacomp.2020.107756

 23. 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. International journal of diabetes in developing countries. (2020) 
40:476–81. doi: 10.1007/s13410-020-00880-x

 24. Sankar P, Ahmed WN, Koshy VM, 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) 14:1815–9. 
doi: 10.1016/j.dsx.2020.09.005

 25. Little RR, Sacks DB. HbA1c: how do we measure it and what does it mean? Curr 
Opin Endocrinol Diabetes Obes. (2009) 16:113–8. doi: 10.1097/MED.0b013e328327728d

 26. Bijlsma-Rutte A, Rutters F, Elders PJ, Bot SD, Nijpels G. Socio-economic status and 
HbA1c in type 2 diabetes: a systematic review and meta-analysis. Diabetes Metab Res 
Rev. (2018) 34:e3008. doi: 10.1002/dmrr.3008

 27. Grintsova O, Maier W, Mielck A. Inequalities in health care among patients with 
type 2 diabetes by individual socio-economic status (SES) and regional deprivation: a 
systematic literature review. Int J Equity Health. (2014) 13:1–14. doi: 
10.1186/1475-9276-13-43

 28. Stopford R, Winkley K, Ismail K. Social support and glycemic control in type 2 
diabetes: a systematic review of observational studies. Patient Educ Couns. (2013) 
93:549–58. doi: 10.1016/j.pec.2013.08.016

 29. Turner RC, Cull CA, Frighi V, Holman RRGroup UPDS. Glycemic control with 
diet, sulfonylurea, metformin, or insulin in patients with type 2 diabetes mellitus: 
progressive requirement for multiple therapies (UKPDS 49). JAMA. (1999) 281:2005–12. 
doi: 10.1001/jama.281.21.2005

 30. Brauns H, Steinmann S. Educational reform in France, West-Germany and the 
United Kingdom: updating the CASMIN educational classification. Zuma Nachrichten. 
(1999) 23:7–44.

 31. Eeg-Olofsson K, Cederholm J, Nilsson P, Zethelius B, Svensson AM, 
Gudbjörnsdottir S, et al. New aspects of HbA1c as a risk factor for cardiovascular 
diseases in type 2 diabetes: an observational study from the Swedish National Diabetes 
Register (NDR). J Intern Med. (2010) 268:471–82. doi: 
10.1111/j.1365-2796.2010.02265.x

 32. Tajdar D, Lühmann D, Fertmann R, Steinberg T, van den Bussche H, Scherer M, 
et al. Low health literacy is associated with higher risk of type 2 diabetes: a cross-
sectional study in Germany. BMC Public Health. (2021) 21:1–12. doi: 10.1186/
s12889-021-10508-2

 33. Tajdar D, Schäfer I, Lühmann D, Fertmann R, Steinberg T, van den Bussche H, 
et al. The link between health literacy and three conditions of metabolic syndrome: 
obesity, diabetes and hypertension. Diabetes, Metabolic Syndrome and Obesity: Targets 
and Therapy. (2022) 15:1639–50. doi: 10.2147/DMSO.S363823

 34. Meeks KA, Freitas-Da-Silva D, Adeyemo A, Beune EJ, Modesti PA, Stronks K, et al. 
Disparities in type 2 diabetes prevalence among ethnic minority groups resident in 
Europe: a systematic review and meta-analysis. Intern Emerg Med. (2016) 11:327–40. 
doi: 10.1007/s11739-015-1302-9

 35. Hamburg . Statistikamt-Nord: Bevölkerung mit Migrationshintergrund in den 
Hamburger Stadtteilen Ende (2017). Available at: https://www.statistik-nord.de/zahlen-
fakten/hamburger-melderegister/migrationshintergrund/dokumentenansicht/
bevoelkerung-mit-migrationshintergrund-in-den-hamburger-stadtteilen-
ende-2017-60606

 36. Berens E-M, Vogt D, Messer M, Hurrelmann K, Schaeffer D. Health literacy among 
different age groups in Germany: results of a cross-sectional survey. BMC Public Health. 
(2016) 16:1151. doi: 10.1186/s12889-016-3810-6

 37. Wångdahl J, Lytsy P, Mårtensson L, Westerling R. Health literacy among refugees 
in Sweden – a cross-sectional study. BMC Public Health. (2014) 14:1030. doi: 
10.1186/1471-2458-14-1030

 38. Tatulashvili S, Fagherazzi G, Dow C, Cohen R, Fosse S, Bihan H. Socioeconomic 
inequalities and type 2 diabetes complications: a systematic review. Diabetes Metab. 
(2020) 46:89–99. doi: 10.1016/j.diabet.2019.11.001

 39. Hammes H-P, Welp R, Kempe H-P, Wagner C, Siegel E, Holl RW. Mellitus 
DIGBCND: risk factors for retinopathy and DME in type 2 diabetes—results from the 
German/Austrian DPV database. PLoS One. (2015) 10:e0132492. doi: 10.1371/journal.
pone.0132492

 40. Currie CJ, Peters JR, Tynan A, Evans M, Heine RJ, Bracco OL, et al. Survival as a 
function of HbA1c in people with type 2 diabetes: a retrospective cohort study. Lancet. 
(2010) 375:481–9. doi: 10.1016/S0140-6736(09)61969-3

 41. Capaldo B, Annuzzi G, Creanza A, Giglio C, De Angelis R, Lupoli R, et al. Blood 
glucose control during lockdown for COVID-19: CGM metrics in Italian adults with 
type 1 diabetes. Diabetes Care. (2020) 43:e88–9. doi: 10.2337/dc20-1127

 42. Longo M, Caruso P, Petrizzo M, Castaldo F, Sarnataro A, Gicchino M, et al. 
Glycemic control in people with type 1 diabetes using a hybrid closed loop system and 
followed by telemedicine during the COVID-19 pandemic in Italy. Diabetes Res Clin 
Pract. (2020) 169:108440. doi: 10.1016/j.diabres.2020.108440

 43. Viñals C, Mesa A, Roca D, Vidal M, Pueyo I, Conget I, et al. Management of 
glucose profile throughout strict COVID-19 lockdown by patients with type 1 diabetes 
prone to hypoglycaemia using sensor-augmented pump. Acta Diabetol. (2021) 58:383–8. 
doi: 10.1007/s00592-020-01625-2

 44. Abrahamsen R, Svendsen MV, Henneberger PK, Gundersen GF, Torén K, 
Kongerud J, et al. Non-response in a cross-sectional study of respiratory health in 
Norway. BMJ Open. (2016) 6:e009912. doi: 10.1136/bmjopen-2015-009912

 45. Cheung KL, Ten Klooster PM, Smit C, de Vries H, Pieterse ME. The impact of 
non-response bias due to sampling in public health studies: a comparison of voluntary 
versus mandatory recruitment in a Dutch national survey on adolescent health. BMC 
Public Health. (2017) 17:1–10. doi: 10.1186/s12889-017-4189-8

 46. Choung RS, Locke GR, Schleck CD, Ziegenfuss JY, Beebe TJ, Zinsmeister AR, et al. 
A low response rate does not necessarily indicate non-response bias in gastroenterology 
survey research: a population-based study. J Public Health. (2013) 21:87–95. doi: 
10.1007/s10389-012-0513-z

 47. Simonetti JA, Clinton WL, Taylor L, Mori A, Fihn SD, Helfrich CD, et al. The 
impact of survey nonresponse on estimates of healthcare employee burnout. In 
Healthcare Elsevier. (2020) 8:100451. doi: 10.1016/j.hjdsi.2020.100451

 48. Ayoubkhani D, Bermingham C, Pouwels KB, Glickman M, Nafilyan V, Zaccardi F, 
et al. Trajectory of long covid symptoms after covid-19 vaccination: community based 
cohort study. BMJ. (2022):377. doi: 10.1136/bmj-2021-069676

https://doi.org/10.3389/fpubh.2023.1272769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.pcd.2021.06.007
https://doi.org/10.1016/j.pcd.2021.01.003
https://doi.org/10.1016/j.pcd.2020.12.003
https://doi.org/10.1507/endocrj.EJ20-0426
https://doi.org/10.3390/ijerph19031095
https://doi.org/10.1016/j.dsx.2020.10.007
https://doi.org/10.1016/j.dsx.2020.10.007
https://doi.org/10.4093/dmj.2020.0226
https://doi.org/10.1111/dom.14380
https://doi.org/10.1111/dom.14380
https://doi.org/10.1016/j.diabres.2021.108750
https://doi.org/10.1007/s13300-021-01105-y
https://doi.org/10.1007/s13300-021-01105-y
https://doi.org/10.1016/j.jdiacomp.2020.107756
https://doi.org/10.1016/j.jdiacomp.2020.107756
https://doi.org/10.1007/s13410-020-00880-x
https://doi.org/10.1016/j.dsx.2020.09.005
https://doi.org/10.1097/MED.0b013e328327728d
https://doi.org/10.1002/dmrr.3008
https://doi.org/10.1186/1475-9276-13-43
https://doi.org/10.1016/j.pec.2013.08.016
https://doi.org/10.1001/jama.281.21.2005
https://doi.org/10.1111/j.1365-2796.2010.02265.x
https://doi.org/10.1186/s12889-021-10508-2
https://doi.org/10.1186/s12889-021-10508-2
https://doi.org/10.2147/DMSO.S363823
https://doi.org/10.1007/s11739-015-1302-9
https://www.statistik-nord.de/zahlen-fakten/hamburger-melderegister/migrationshintergrund/dokumentenansicht/bevoelkerung-mit-migrationshintergrund-in-den-hamburger-stadtteilen-ende-2017-60606
https://www.statistik-nord.de/zahlen-fakten/hamburger-melderegister/migrationshintergrund/dokumentenansicht/bevoelkerung-mit-migrationshintergrund-in-den-hamburger-stadtteilen-ende-2017-60606
https://www.statistik-nord.de/zahlen-fakten/hamburger-melderegister/migrationshintergrund/dokumentenansicht/bevoelkerung-mit-migrationshintergrund-in-den-hamburger-stadtteilen-ende-2017-60606
https://www.statistik-nord.de/zahlen-fakten/hamburger-melderegister/migrationshintergrund/dokumentenansicht/bevoelkerung-mit-migrationshintergrund-in-den-hamburger-stadtteilen-ende-2017-60606
https://doi.org/10.1186/s12889-016-3810-6
https://doi.org/10.1186/1471-2458-14-1030
https://doi.org/10.1016/j.diabet.2019.11.001
https://doi.org/10.1371/journal.pone.0132492
https://doi.org/10.1371/journal.pone.0132492
https://doi.org/10.1016/S0140-6736(09)61969-3
https://doi.org/10.2337/dc20-1127
https://doi.org/10.1016/j.diabres.2020.108440
https://doi.org/10.1007/s00592-020-01625-2
https://doi.org/10.1136/bmjopen-2015-009912
https://doi.org/10.1186/s12889-017-4189-8
https://doi.org/10.1007/s10389-012-0513-z
https://doi.org/10.1016/j.hjdsi.2020.100451
https://doi.org/10.1136/bmj-2021-069676

	Impact of two COVID-19 lockdowns on HbA1c levels in patients with type 2 diabetes and associations with patient characteristics: a multicentre, observational cohort study over three years
	Introduction
	Materials and methods
	Design, study population and data set
	Statistical analyses

	Results
	Discussion
	Statement of principal findings
	Comparison with the literature
	Implications for clinical practice
	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

