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Abstract
Purpose The aim of this study was to evaluate the impact of the COVID-19 lockdown occurred in Italy from March 9th to
May 18th, 2020 on anthropometric parameters and glycemic control in patients with type 2 diabetes mellitus (T2DM).
Methods One hundred twenty-eight consecutive patients with T2DM (median age 70 years, 74 males) were retrospectively
evaluated at the end of the lockdown period. Data on metabolic control were collected at different time: within three months
before the lockdown (visit 0) and within the first six weeks after it (visit 1).
Results During the lockdown, a significant increase in body weight (from 79.7 ± 18.7 kg to 81.4 ± 19.4 kg, p < 0.001), body
mass index (BMI, from 29.5 ± 6 kg/m2 to 30.1 ± 6.3 kg/m2, p < 0.001), waist circumference (from 103.8 ± 13 cm to 105 ±
13.6 cm, p < 0.001), fasting plasma glucose (FPG; from 138.1 ± 29.4 mg/dL to 146.6 ± 36.4 mg/dL) and glycated hemo-
globin (HbA1c; from 7 ± 0.8 to 7.3 ± 0.9%, p < 0.001) was observed. Weight gain was directly associated with HbA1c
increase (β 0.085, C.I. 95% 0.05–0.121; p < 0.001) while insulin therapy resulted to be the only significant independent
predictor of HbA1c worsening at the multivariate logistic regression analysis (OR 2.40, C.I. 1.06–5.45; p= 0.035).
Conclusions The lockdown due to COVID-19 pandemic had a negative impact on body weight and glucose control in
T2DM patients, in particular in those on insulin treatment. This finding provides a further rationale to optimize the diabetes
management during eventually new period of home confinement.
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Introduction

The outbreak of the COVID-19 pandemic has brought a
worldwide threat to public health. To contain the spread of
the virus, from March 9th to May 18th, 2020 Italian gov-
ernment imposed a nationwide lockdown. Millions of
people were confined indoors to drastically minimize any
human contact, and non-essential working activities were
stopped or switched to home working. In the health facil-
ities, all outpatient activities were discontinued, as most of

the healthcare professionals were assigned to COVID-
19 wards.

These necessary social distancing policies and public
health re-organization have understandably introduced
many challenges in the management of chronic diseases [1].
Among them, satisfactory control of type 2 diabetes melli-
tus (T2DM) has several pitfalls, due to sub-optimal medical
surveillance and to an abrupt change in the patient’s life-
style [2, 3].

Previous reports have already shown that dietary habits
of most Italian families changed during the lockdown, due
both to more free-time availability and to variation of food
expenditure. Time spent cooking increased, as well as the
nourishing with high glycemic index foods, like home-
made pizza, pasta, bread, and desserts. Furthermore, the
home confinement reduced the opportunities for physical
exercise [4–6].

According to ADA and EASD guidelines, healthy habits
are the foundations of the clinical management of T2DM
[7, 8]. Reduced physical activity and increased body weight
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have a detrimental effect on glycemic control with a con-
sequent higher risk of diabetes complications [9].

To our acknowledge, there still is a paucity of real-world
data on the impact of lockdown measures on body com-
position and glycemic control in T2DM [6, 10–14]. As a
matter of fact, the Italian lockdown is an unprecedented and
hopefully unique occasion to study the effect of lifestyle
changes on T2DM control in the real life.

Giving these premises, in this study we aim to evaluate
the changes of anthropometric parameters and glycemic
control in a homogeneous population of T2DM.

Material and methods

Study design

This is a retrospective observational study based on the
medical records of 128 consecutive subjects with T2DM.
The outpatients were evaluated at the Diabetology Unit of
Humanitas Clinical and Research Center, IRCCS (Rozzano,
Milan - Italy) at baseline (visit 0), between December 15th,
2019 and the March 1st, 2020 and at the resumption of
clinical activities (visit 1), between May 15th and June 30th,
2020. None of the subjects was diagnosed with SARS-CoV-
2 infection. The lockdown period occurred between March
14th and April 30th, 2020.

The inclusion criteria were: 1) age ≥18 years; 2) history
of T2DM for more than 6 months prior to the lockdown; 3)
full availability of anti-diabetic medication history, anthro-
pometric parameters, glycemia and HbA1c during the pre-
and the immediate post-lockdown period; 4) no weight
change of ±1.5 kg and no HbA1c variation of ±0.3%
between the visit 0 and the previously available visit (not
less than six months before the lockdown period). The
exclusion criteria were: 1) change in antidiabetic therapy at
least 6 months before the lockdown; 2) onset of illness and
history of hospitalization potentially influencing diabetes
control in the 3 months prior to the lockdown and during it,
including SARS-CoV-2 infectious; 3) state of pregnancy; 4)
active oncological disease.

The primary endpoint of this study was to evaluate the
impact of the lockdown-effect on patients’ anthropometric
parameters and glycemic status. As secondary endpoints,
we explored the determinants of worsened glycaemic
control.

Clinical information and outpatients’ reports were ret-
rospectively acquired, using the available clinical files.
Gender, age, duration of diabetes, diabetes-related compli-
cations, co-morbidities, weight, body mass index (BMI),
waist circumference, detailed anti-diabetic therapy, glycated
hemoglobin (HbA1c), and fasting plasma glucose (FPG)
were collected for each patient. Data on glucose control and

on anthropometrics parameters were collected at different
times: within three months before the lockdown (visit 0)
and within the first six weeks after the quarantine (visit 1).
The glycemic control changes were evaluated as variations
of HbA1c and FPG between visit 0 and visit 1. The same
method was applied to define the anthropometric changes.

The study was approved by the Ethical Committee of
Humanitas Clinical and Research Center, IRCCS, Rozzano
– Milan, and patients gave their consent to use clinical data
for research purposes.

Statistical analysis

Continuous variables were reported as median and range,
unless otherwise stated. The biochemical and anthropo-
metric parameters evaluated before and after the lockdown
were compared using the Wilcoxon Signed Rank Test.
Statistical significance was assumed when P ≤ 0.05. Uni-
variate linear regression analysis was performed to define
the associations between HbA1c and continuous variables.
To explore the predictive factor associated with HbA1c
worsening an univariate logistic regression analysis was
performed and the OR, and 95% confidence intervals (95%
CI) were calculated. All factors with a P value under 0.100
were then submitted to a multivariable logistic regression
analysis.

The multicollinearity test between variables included in
the multivariate analysis was performed: variable with a
tolerance (T) < 0.2 and a variance inflation factor (VIF) > 10
was excluded.

Results

At the resumption of outpatients’ activities after the lock-
down period (between May 15th and June 30th, 2020), a
total of 485 diabetic patients were evaluated in our Insti-
tution. Among them, 128 patients (54 females, 74 males)
fulfilled the inclusion criteria and were enrolled in the study.
The median age of the study population was 70 years
(range: 40–91). The median diabetes disease duration was
15 years (range: 2–50).

Fifteen patients (11.7%) were on monotherapy, 7 (5.5%)
of which with metformin, whereas 113 (88.3%) were taking
two or more antidiabetic drugs. In the multi-therapy group,
97 patients (75.8% of the total population) were taking
metformin plus another anti-diabetic drug. Forty-two
(32.3%) patients were treated with GLP-1 receptor ago-
nist, 33 (25.4%) with SGLT2 inhibitors, 32 (24.6%) with
DPP4 inhibitors, 24 (18.5%) with sulfonylureas, and 42
(32.3%) with insulin therapy. Details on hypoglycemic
treatment and on clinical data at the baseline are shown in
the Table 1.
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Anthropometric and biochemical data at baseline (visit 0)
and immediately after the end of the lockdown (visit 1) are
reported in Table 2. During the observational period, all the

evaluated anthropometric parameters were significantly
increased (body weight from 79.7 ± 18.7 kg to 81.4 ±
19.4 kg, p < 0.001; BMI from 29.5 ± 6 kg/m2 to 30.1 ±
6.3 kg/m2, p < 0.001; waist circumference from 103.8 ±
13 cm to 105 ± 13.6 cm, p < 0.001). FPG and HbA1c were
significantly worsened (FPG from 138.1 ± 29.4 mg/dL to
146.6 ± 36.4 mg/dL and HbA1c from 7 ± 0.8 to 7.3 ± 0.9%,
p < 0.001).

At the univariate linear regression analysis, weight, BMI
and WC changes were directly correlated with HbA1c
variations (weight: β 0.085, C.I. 95% 0.05–0.121; p <
0.001; BMI: β 0.246, C.I. 95% 0.15–0.343; <0.001; WC: β
0.068, C.I. 95% 0.032–0.104; <0.001). Given the colli-
nearity of these variables, only the estimated association
curve between weight changes and HbA1c variation is
reported in Fig. 1.

In the univariate logistic regression, insulin therapy (OR
2.45, C.I. 95% 1.09–5.05, p= 0.030), the presence of CAD
(OR 2.43, C.I. 95% 0.99–5.96; p= 0.052) and the presence
of chronic kidney disease (CKD) (OR 2.37, C.I. 1.07–5.23;
p= 0.032) were significant predictors of HbA1c worsening.
In the multivariate model, having excluded the CKD
because of its strong association with insulin use (47.6% of
patients with CKD were on insulin therapy), insulin therapy
remains the only independent significant predictor of
HbA1c increase (OR 2.40, C.I. 1.06–5.45; p= 0.035) -
Table 3. We then compared the clinical characteristics of
insulin and non-insulin-treated groups - Table 4. The T2DM
duration, the basal HbA1c value, the presence of heart
failure and retinopathy were higher in the insulin-treated
group; instead, the concomitant use of metformin, DPP4-I
and pioglitazone were significantly higher in non-insulin-
treated patients.

Discussion

This monocenter study evaluated the impact of lockdown
on anthropometric parameters and glycemic control in a
population of adult patients with T2DM. Most of the pre-
vious papers on glycemic control during the COVID-19
pandemic were focused on type 1 diabetes mellitus (T1DM)
patients, especially those using novel glucose-sensing
technology [10, 12, 14–16].

In our study, the homogeneity of our cohort, the inclu-
sion of only patients with stable weight and glucose control,
and the lack of medical contact (both in-person and vir-
tually) allowed us to use the quarantine as a model to better
define its effect on T2DM control and body weight.

The importance of satisfactory glycemic and weight
control in outpatient diabetic subjects is an emergent hot
topic in the COVID-19 era. Several recent findings have
suggested that, when infected, an inadequate metabolic

Table 1 Clinical data and antidiabetic treatment of study population at
baseline (visit 0)

Variable Patients N. (Total= 128) Value-%

Clinical parameters

Male 74 57.8

Age (median; range) 70 (40–91) –

Smoker 42 32

Hypertension 105 82

Dyslipidemia 88 68.8

CAD 32 25

Heart failure 25 19.5

Stroke 7 5.5

CKD (eGRF < 60 ml/min) 46 35.9

Microalbuminuria (>30 mg/l) 23 18

Neuropathy 17 13.3

Retinopathy 33 25.8

Antidiabetic treatment

Monotherapy 15 11.7

Multi-therapya 113 88.3

Metformin 104 81.3

SU 24 18.5

Insulin 42 32.3

SGLT2-I 33 25.4

DPP4-I 32 24.6

GLP-1 RA 42 32.3

Pioglitazone 14 10.8

CAD coronary artery disease, CKD chronic kidney disease, eGFR
estimated Glomerular Filtration Rate, SU sulfonylureas, SGLT2i
sodium glucose cotransporter 2 inhibitors, DPP4i dipeptidyl peptidase
IV inhibitors, GLP-1 RA glucagon-like peptide-1 receptor agonists
a97 out of 113 patients on anti-diabetic polytherapy were in metformin
in addition of another class-drug

Table 2 Clinical and biochemical evaluation before the lockdown
(visit 0) and in the immediate post-lockdown period (visit 1)

Variable Visit 0
N= 128

Visit 1
N= 128

P value

Anthropometric parameters

Weight (kg) 79.7 ± 18.7 81.4 ± 19.4 <0.001

Waist circumference (cm) 103.8 ± 13 105 ± 13.6 <0.001

BMI (kg/m2) 29.5 ± 6 30.1 ± 6.3 <0.001

Biochemical parameters

FPG (mg/dL) 138.1 ± 29.4 146.6 ± 36.4 <0.001

HbA1c % 7 ± 0.8 7.3 ± 0.9 <0.001

HbA1c (mmol/mol) 53 ± 9 56 ± 10 <0.001

BMI body mass index, FPG fasting plasma glucose, HbA1c glycated
hemoglobin
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control in T2DM patients is a risk factor for frequently
unfavorable outcomes in SARS-CoV-2 infection [17–20].

Our study population was composed, on average, of
obese diabetic patients with a well and stable glucose

control. We found a significatively deterioration of all
hallmarks of metabolic status (body weight, BMI, waist
circumference, HbA1c, and FPG) over time, compared with
the pre-lockdown period. Based on the baseline BMI

Fig. 1 Linear correlation
between weight gain and HbA1c
variation. R2 0.152 (p < 0.001)

Table 3 Results of univariate
and multivariate logistic
regression analyses evaluating
the determinants of HbA1c
worsening

Variable Univariate logistic regression
OR (C.I. 95%; p value)

Multivariate logistic regression
OR (C.I. 95%; p value)

Sex (M) 1.22 (0.59–2.49; 0.588) –

Age > 70 years 0.74 (0.36–1.5; 0.407) –

Disease duration (years) 1 (0.97–1.05; 0.744) –

Weight (kg) 1.01 (0.99–1.04; 0.115) –

HbA1c > 7% 0.61 (0.3–1.25; 0.183) –

Glycemia (mg/dl) 0.997 (0.985–1.009; 0.618) –

Insulin therapy 2.45 (1.09–5.05; 0.030) 2.40 (1.06–5.45; 0.035)

SGLT2i 1.75 (0.75–4; 0.197) –

GLP-1 RA 0.83 (0.39–1.75; 0.627) –

DPP4i 0.68 (0.3–1.5; 0.350) –

SU 0.91 (0.37–2.24; 0.840) –

Pioglitazone 1.21 (0.38–3.86; 0.738) –

Metformin 0.7 (1.28–1.8; 0.471) –

Smoke 0.90 (0.42–1.93; 0.797) –

Hypertension 0.96 (0.38–2-43; 0.939) –

Dyslipidemia 1.17 ((0.55–2.50; 0.679) –

CAD 2.43 (0.99–5.96; 0.052) 2.38 (0.96–5.91, 0.062)

Heart Failure 1.52 (0.60–3.85; 0.374) –

Stroke 0.86 (0.19–4.09; 0.867) –

CKD (eGFR < 60 mL/min/1.73 m2) 2.37 (1.07–5.23; 0.032) N.A.

Albuminuria > 20 mg/l 1.65 (0.62–4.34; 0.312) –

Retinopathy 0.57 (0.24–1.33; 0.197) –

Neuropathy 1.69 (0.56–5.15; 0.349) –

M male, BMI body mass index, WC waist circumference, SGLT2i sodium glucose cotransporter 2 inhibitors,
GLP-1 RA glucagon-like peptide-1 receptor agonists, DPP4i dipeptidyl peptidase IV inhibitors, SU
sulfonylureas, CAD coronary artery disease, CKD chronic kidney disease, N.A. not assessed.

Bold values indicates statistical significant P < 0.05.
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(i.e., 29.5 kg/m2), one could argue that our population had a
pre-existing poor lifestyle, predisposing to a further
impairment of body composition during the lockdown
period. Indeed, we can speculate that the home confinement
during the COVID-19 pandemic had exacerbated all risk
factors for weight gain, especially in overweight and obese
T2DM patients, unfavorably modifying the eating and
sleeping behaviors, as well as lifestyle [21]. This is con-
sistent with other reports showing a worsening in dietary
routine during the COVID-19 quarantine, especially in
higher BMI individuals, regardless of diabetic disease
[4, 5]. In particular, a study on obese adults in Northern
Italy showed an average weight increase of 1.5 kg after
1 month of lockdown, mainly associated with reduced
exercise and increased intake of junk food [6]. Conversely,
a study conducted in type 2 diabetic patients in South India
found no significant change in body weight after quarantine.

This result probably arose because of the important differ-
ences in Indian lifestyle changes during the lockdown, since
Indian patients increased vegetables and fresh food con-
sumption and decreased fried and unhealthy snacks [11].

It is well established the impact of weight gain on
increasing insulin resistance and worsening glucose meta-
bolism in T2DM [7, 8]. Therefore, unsurprisingly, we have
found that all the anthropometric indexes (body weight,
BMI, and waist circumference) were directly associated
with the glycated hemoglobin increase.

If we indeed consider type 1 diabetes mellitus, several
recent studies on young and normal-weight patients using
continuous glucose monitoring (CGM) systems found an
unexpected improvement in glycemic control during the
lockdown [12, 15, 16]. This can be explained by a more
regular lifestyle during quarantine: the rhythm of daily
activities slowed down, they were able to eat at more
reproducible mealtimes, they were allowed to have a more
controlled composition of meals [22]. Moreover, patients
could spend more time on diabetes control, which is known
to be a critical aspect of both insulin multi-injections or
insulin pump therapy [9, 23]. To date, scarce data are
available on weight changes during the lockdown in T1DM
patients [24].

To explain the different results obtained in T2DM
patients, we should therefore consider that T1DM patients
may have a higher awareness of the importance of a healthy
lifestyle in disease management, and have a lower BMI at
baseline [8, 9].

Regarding the anti-diabetic therapy, we indeed observed
that insulin treatment was an independent predictor of
metabolic control worsening, resulting in a more than
doubled risk of HbA1c increasing. In patients affected by
T2DM, insulin therapy is often used in long-term disease, or
in presence of complications and other comorbidities, such
i.e., the CKD or HF, which contraindicates other hypogly-
cemic drugs; moreover, it is usually associated with a
reduced functional beta-cell activity. For this reason,
endogenous insulin secretion is unable to cope with the
increased insulin-resistance due to weight gain [7].

It is reasonable to suppose that T2DM patients are less
confident in the self-optimizing of insulin dose in response
to a worsened glycemic control. In fact, in contrast with
T1DM patients, they are not used to handling the carbo-
hydrate counting and the insulin correction factor; they
rarely rely on technological devices such as flash glucose
monitoring or continuous glucose monitoring (CGM) sys-
tems and they are often older [25, 26].

Another contributing negative factor may be the dis-
couraged attendance to diabetes clinics or general practi-
tioners due to the forced home staying. Moreover, it is
reasonable to assume a more difficult retrieve of medical
devices used to self-monitor blood glucose during the

Table 4 Clinical and biochemical differences between insulin-treated
patients and control group

Baseline variable Insulin-
treated
(N= 42)

Not insulin-
treated
(N= 86)

P value

Age (years) 69.7 ± 10.3 69.9 ± 9.1 0.899

Disease duration (years) 18.1 ± 10 14.1 ± 8.2 0.028

HbA1c % 7.3 ± 0.8 6.9 ± 0.8 0.042

FPG (mg/dL) 141.8 ± 29.3 136.6 ± 29.4 0.322

Weight (kg) 80 ± 21.8 79.6 ± 17.09 0.926

BMI (kg/m2) 30.3 ± 7.1 29.2 ± 5.3 0.387

WC (cm) 106 ± 14.7 102.6 ± 12.05 0.207

Hypertension 36 (85.7%) 69 (80.2%) 0.448

Dyslipidemia 32 (76.2%) 56 (75.1%) 0.204

Stroke 3 (7.1%) 4 (4.7%) 0.560

CAD 12 (28.6%) 20 (23.3%) 0.514

HF 14 (33.3%) 11 (12.8%) 0.006

CKD 20 (47.6%) 26 (30.2%) 0.054

Microalbuminuria
(>30 mg/l)

11 (26.2%) 12 (14%) 0.090

Retinopathy 17 (40.5%) 16 (18.6%) 0.008

Neuropathy 8 (19%) 9 (10.5%) 0.179

Metformin 27 (64.3%) 77 (89.5%) 0.001

SU 6 (14.3%) 18 (20.9%) 0.366

DPP4-I 5 (11.9%) 27 (31.4%) 0.017

SGLT2-I 8 (19%) 25 (29.1%) 0.224

GLP-1 RA 15 (35.7%) 27 (31.4%) 0.625

Pioglitazone 1 (2.4%) 13 (15.1%) 0.030

FPG fasting plasma glucose, BMI body mass index, WC waist
circumference, CAD coronary artery disease, HF heart failure, CKD
chronic kidney disease, SU sulfonylureas, DPP4i dipeptidyl peptidase
IV inhibitors, SGLT2i sodium glucose cotransporter 2 inhibitors, GLP-
1 RA glucagon-like peptide-1 receptor agonists.

Bold values indicates statistical significant P < 0.05.
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lockdown [3]. As a result, there was a limited chance to
optimize insulin dose in response to an increase in seden-
tariness and worsening of dietary habits. Consequently, the
lack of a proper insulin dose adjustment during quarantine
may certainly have had a role in the worsened glycemic
control in the lockdown period. This finding may therefore
encourage the developing of structured educational program
dedicated to T2DM patients.

Data regarding the actual contagious trend, unfortu-
nately, prove that there might be other COVID-19 outbreaks
in the next future, and, probably, shorter or longer periods
of home confinement may be needed to contain the virus
spread. Our study suggests that the best conditions to reach
and maintain good metabolic control should be warranted to
T2DM patients. Such strategies might include implement-
ing telemedicine visits programs, offering a CGM system
for self-glucose monitoring, and supplemental guidance
encouraging diabetic patients to maintain a healthy lifestyle.
This is especially valid in patients at higher risk of wor-
sened glycemic control, like those undergoing insulin
treatment.

Our results should be interpreted considering the intrinsic
restrictions of a retrospective-observational study and the
limited number of the sample size. Another limit of our
study is the lack of detailed information on lifestyle changes
in our population during the lockdown, like changes in
dietary habits and exercise. We have hypothesized an
increase in highly caloric food intake and diminished
exercise in our sample, based on other surveys of similar
populations and epidemiological and clinical characteristics
of our patients at baseline. Because of this, it was not
possible to recognize the specific impact of diet and phy-
sical activity during the lockdown on metabolic control.
Therefore, it remains unclear whether the same results may
be valid in younger and normal-weight DT2M subjects or
patients using devices like the CGM sensors.

Despite the lack of precise data about changes in lifestyle
during the lockdown, our strict inclusion criteria ensured
that only a selected population with a stable weight and
glycemic control, and without drug changes prior the
lockdown was studied. On this basis we may infer that the
increase in body weight and the consequently impairment of
glycemic control are due to negative lifestyle modifications
occurred during the lockdown period.

Conclusions

Our study highlights the negative impact of the lockdown
effect on weight and glucose control in T2DM. Insulin-
treated patients were at higher risk to have a more difficult
glucose control management and, for this reason, require
more intensive medical attention.

Recognition of the lockdown effect is the first necessary
step to take preventive measures to avoid the worsening of
metabolic control in T2DM patients during an eventually
needed period of home confinement.
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