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ABSTRACT

Aims: This study assessed factors contributing to glycemic control among diabetes melli-
tus patients complying with home quarantine during the epidemic of coronavirus disease
2019 (COVID-19).

Methods: We conducted an analytical cross-sectional study by telephone with 1159 patients
with type 2 diabetes mellitus (T2DM) and 96 patients with type 1 diabetes mellitus (T1DM)
who were discharged from the endocrinology department of a hospital from January 1,
2019, to January 24, 2020. According to their fasting blood glucose (FBG) and 2-h postpran-
dial BG (2hPBG) values, the patients were divided into the well-controlled BG group and the
poorly controlled BG group. The main evaluation indicators included sociodemographic
variables, health risk variables and adherence to self-management behaviors.

Results: In total, 74.46% of the T2DM patients and 64.89% of the T1DM patients had poor
glycemic control. T2DM patients with poor glycemic control were more likely to be older
(odds ratio (OR): 1.017 [95% confidence interval (CI) 1.003-1.030]; P = 0.013), have fewer than
12 years of education (OR: 1.646 [95% CI 1.202-2.255]; P = 0.002), lack a BG meter at home
(OR: 2.728 [95% CI 1.205-6.179]; P = 0.016), have a lower degree of medication compliance
(OR: 1.627 [95% CI 1.076-2.460]; P = 0.021), and engage in less self-monitoring of BG (SMBG)
per week (OR: 10.884 [95% CI 5.883-20.139]; P < 0.001). Fewer than 12 years of education (OR:
3.031 [95% CI 1.112-8.263]; P = 0.030) was a risk factor for glycemic control in T1DM.
Conclusions: Glycemic control among patients with TIDM and T2DM during home quaran-
tine amid the COVID-19 pandemic is poor. Our results showed that more eduction, a higher
frequency of SMBG, and improved medication compliance may contribute to glycemic con-
trol. Therefore, diabetic patients should be advised to increase the frequency of blood glu-
cose measurements during home quarantine and be re-educated regarding the importance

of medication compliance.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The novel coronavirus disease 2019 (COVID-19) has emerged
as a global pandemic, affecting more than 200 countries and
claiming tens of thousands of lives to date. COVID-19 is
caused by infection by the highly contagious severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) [1]. With the
novel coronavirus pneumonia epidemic spreading worldwide,
the World Health Organization (WHO) and most governments
have recommended that the entire human population stay at
home [2]. Home quarantine is an effective means to contain
the virus. Wuhan was an early COVID-19 outbreak area, and
the closure of Wuhan city was an urgent and a sudden gov-
ernment order. For ordinary people, the situation at that time
was to carry out home quarantine as required, and it was
impossible to predict when Wuhan would be opened. How-
ever, home quarantine may render the treatment of some
chronic diseases, such as diabetes, inconvenient. Diabetes
patients may encounter difficulty in obtaining insulin, blood
sugar monitoring and medication from the hospital, perform-
ing regular exercises go out, maintaining a balanced diet and
so on because of this sudden event. A previous study found
that home isolation may cause a large number of patients
to fear attending a clinic for healthcare [3]. Diabetes is the
most rapidly increasing disease worldwide and poses a sub-
stantial threat to human health [4]. The nationwide preva-
lence of T2DM in China is approximately 10.9% [5], and the
incidence rate of diabetes continues to increase. Patients with
diabetes have been reported to be susceptible to infection
with SARS-CoV-2, and 12% to 20% of COVID-19 patients have
DM [6]. Having DM increases the mortality rate of patients
with COVID-19 [7]. To minimize potential spread, many hospi-
tals have reduced their outpatient clinic capacities. During
the quarantine, a huge proportion of diabetes patients have
been in an insecure state due to an inability to undergo rou-
tine check-ups and a lack of opportunity to intensify poten-
tially insufficient therapy [8]. Insufficient glucose control
can provoke numerous acute and chronic complications that
healthcare systems will have to manage after the COVID-19
pandemic. Therefore, adequate self-management of blood
glucose (BG) control by diabetic patients during the period of
home isolation necessitated by the pandemic is very impor-
tant. Maintaining good glycemic control not only boosts the
innate immune system but also reduces the likelihood of viral
infection [9]. Therefore, we conducted this study to investi-
gate risk factors and effective measures for BG control for iso-
lated diabetic patients at home through telephone follow-ups.

2. Methods
2.1.  Participants

Patients with type 1 diabetes mellitus (T1DM) and type 2 dia-
betes mellitus (T2DM) who were discharged from January 1,
2019, to January 24, 2020, were followed up by telephone. A
total of 1464 patients were enrolled in the study, and 121
(8.27%) patients could not be successfully reached (Fig. 1).
Among the remaining 1343 patients, 77 patients with incom-
plete or repeated information and 16 patients who died were

Diabetes patients discharged from hospital
From January 1, 2019, to January 24, 2020 n=1464

Excluded n=121
Unreachable by telephone

Successfully reached by telephone n=1343

Excluded n=71
Incomplete information

Excluded n=3
Repeated information

Excluded n=16
Died

| Valid cases n=1253 |
|
J
| Type 2 diabetes n=1159

Type 1 diabetes n=94 |

Fig. 1 - Study population. Glycemic control in DM patients
who complied with home quarantine during COVID-19.

further excluded. Of the remaining 1253 patients, 1159
(92.50%) patients with T2DM were placed in one group, while
94 (7.5%) individuals with T1IDM were placed in a second
group. The telephone follow-up period was from March 16
to April 3, 2020. The inclusion criteria were as follows: (1)
patients diagnosed with T2DM according to the WHO criteria
(1999) [10]; (2) patients diagnosed with T1DM according to the
Guidelines for Diagnosis and Treatment of Type 1 Diabetes
[11]; and (3) patients or immediate family members who
answered the phone and were willing to participate in the
follow-up investigation. The exclusion criteria were as fol-
lows: (1) TIDM and T2DM patients who could not be con-
tacted by phone after three attempts on different days and
(2) patients diagnosed with gestational diabetes or other types
of diabetes.

Well-controlled blood glucose (BG) was defined as a fasting
blood glucose (FBG) range from 3.9 to 7.0 mmol/L and a con-
current 2-h postprandial BG (2hPBG) range from 3.9 to
10.0 mmol/L. Poorly controlled BG was defined as a lowest
FBG less than or equal to 3.9 mmol/L, a highest FBG level
exceeding 7.0 mmol/L, a lowest 2hPBG less than or equal to
3.9 mmol/L or a highest 2hPBG level exceeding 10.0 mmol/L
during the last 3 months. The standards were set according
to the standards of medical care in diabetes [12]. FBG and
2hPBG were obtained by patient reports of self-monitoring
blood glucose (SMBG) results from the previous 3 months.
The glycosylated hemoglobin (HbA1) value was not included
in this study because it must be obtained from venous blood
samples, which could not be obtained routinely during the
epidemic period.

2.2. Data collection instruments and measurements

Sociodemographic data, health risks and self-care behaviors
were collected by phone calls and from hospital records.
The information included sociodemographic variables (age,
sex, education, marital status, height, weight, etc.), health
risk variables (smoking, diabetes duration, hypoglycemia,
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the duration of continuous sleep, anxiety level regarding the
patient’s chief complaint and complications of diabetes diag-
nosed during hospitalization, such as foot ulcer), and adher-
ence to self-management behaviors (the number of days of
following a meal plan per week; the intensity, frequency
and duration of exercise per week; compliance with taking
medications as directed by the doctor; SMBG; and the perfor-
mance of foot self-examinations).

A follow-up group of staff members was established by the
endocrine department. The group consisted of 15 nurses from
the endocrine department. All members had been trained
with regard to the follow-up process and the skills and pre-
cautions necessary to successfully conduct a telephone
follow-up. The follow-up period lasted from March 16 to April
3, 2020. All procedures were approved by the ethics commit-
tee of Tongji Hospital affiliated with Huazhong University of
Science and Technology Tongji Medical College and complied
with the principles of the Declaration of Helsinki. All partici-
pants provided oral informed consent. The average follow-up
time for each case was approximately 15-20 min, and approx-
imately 80 patients were contacted each day. A professional
reviewed and sorted the daily follow-up data to ensure its
completeness and accuracy.

2.3.  Statistical analysis

We used SPSS version 22.0 software for all data analyses. Fre-
quencies and percentages were computed for categorical vari-
ables, and the means, medians, standard deviations and
interquartile ranges were computed for continuous variables.
The chi-square test was used to assess relationships between
two categorical variables, and continuous variables were
compared with the Mann-Whitney U test. Logistic regression
analysis (forward conditional method, with listwise deletion
of cases with missing data) was used to identify predictors
of poor BG control. The influential factors with statistical sig-
nificance (P < 0.05) in single-factor analysis were used as
dependent variables, and the BG group was used as an inde-
pendent variable in logistic stepwise regression analysis.
Regression estimates are reported with 95% confidence inter-
vals (CIs). A two-sided o less than 0.05 was considered statis-
tically significant. All variables with P value < 0.05 were listed,
and all odds ratios (ORs) were determined.

3. Results

3.1.  Characteristics of T2DM

The effects of sociodemographic factors and health risks on
BG control in patients with T2DM. Of 1159 T2DM patients,
296 patients (25.54%) were in the well-controlled BG group.
Patients with poorly controlled BG were significantly older
(55.0 years old versus 51.0 years old, P < 0.001) and had a
longer duration of diabetes (6 years versus 2 years,
P < 0.001) than those with well-controlled BG. BG control
was worse in men than in women (P = 0.006). The poorly con-
trolled BG group was significantly associated with a lower
education level (P = 0.038) and a higher proportion of compli-
cations (P = 0.020). Marital status and current residence were

not different between the well-controlled BG group and the
poorly controlled BG group (Table 1).

The effect of self-care behavior on BG control in patients
with T2DM. A total of 81.3% of the T2DM patients had BG meters
at home. Compared with patients without BG meters, patients
with BG meters had better glycemic control (P<0.001) and
tested their BG more frequently (P = 0.011). A total of 372
(32.2%) patients did not perform any SMBG during the epidemic
period, 157 (13.5%) patients monitored their BG only once per
week, and 629 (54.3%) patients monitored their BG more than
two times per week. The number of foot self-examinations per-
formed per week in the well-controlled BG group was higher
than that in the poorly controlled BG group (P = 0.003). Medica-
tion compliance in the well-controlled BG group was higher
than that in the poorly controlled BG group (P = 0.024). Only
901 (77.8%) T2DM patients followed a doctor’s advice and con-
tinued to take their medicine according to the previous regi-
men. Forty-two percent of the T2DM patients used oral
therapy for glycemic control, 31% used insulin and oral agents,
and 17% used insulin alone. No significant differences in veg-
etable intake (days/week), exercise, treatment, sleep and anxi-
ety were found between the two groups (Table 2).

3.2.  Characteristics of TIDM

The effects of sociodemographic factors and health risks on
BG control in patients with T1DM. Of the 94 T1DM patients,
33 (35.1%) were in the well-controlled BG group, and 61
(65%) patients were in the poorly controlled BG group. In total,
56% were male. The proportion of men with poor glycemic
control was higher than that of women (P = 0.015). A total of
48% of the patients had fewer than 12 years of education.
The proportion of patients with fewer than 12 years of educa-
tion was higher in the group with poor glycemic control
(P = 0.038). The proportion of patients with complications
was 58.5%, and the proportion in the poorly controlled group
was higher than that in the well-controlled BG group
(P = 0.020). No significant differences in age or disease course
were noted between the two groups (Table 3).

The effect of self-care behavior on BG control in patients
with TIDM. Eighty-nine percent of the T1IDM patients had
BG meters at home. The well-controlled BG group tested their
glucose levels more frequently than the poorly controlled BG
group (P = 0.011). The poorly controlled BG group ate more
sweets than the well-controlled BG group (P = 0.026). The pro-
portion of patients who were compliant with the medication
regimen in the poorly controlled BG group was lower than
that in the well-controlled BG group (P = 0.048). Twenty-six
percent of TIDM patients did not take their medication as
directed. Compared with the well-controlled BG group, the
poorly controlled group smoked more (P = 0.034). No signifi-
cant differences in vegetable intake (days/week), exercise,
sleep duration or anxiety were identified between the two
groups (Table 4).

3.3. Factors associated with BG control in T2DM and
T1DM patients

In T2DM patients, the significant factors influencing BG con-
trol (P < 0.05) in the single-factor analysis were used as depen-



Table 1 - Comparison of demographic data between T2DM patients with well-controlled and poorly controlled BG.

Characteristics Total Well-controlled blood Poorly controlled Statistic P value
glucose (n = 296) blood glucose (n = 863)
Age (years) 54 (45,61) 51.0 (40.0, 58.0) 55.00 (47.0, 62.0) —5.425Y <0.001
BMI (kg/m?) 24.49 (22.1, 26.8) 24.2 (21.5, 27.0) 24.55 (22.3, 26.8) —1.348" 0.178
Duration of diabetes (year) 5 (1, 10) 2 (1, 10) 6 (1,10) —4.622Y <0.001
Complications Yes 869 (75.0) 198 (22.8) 671 (77.2) 13.856? <0.001
No 290 (25.0) 98 (33.8) 192 (66.2)
Sex Male 766 (66.1) 215 (28.1) 551 (71.9) 7.5952 0.006
Female 393 (33.9) 81 (20.6) 312 (79.4)
Education <12 years 575 (49.6) 114 (19.8) 461 (80.2) 19.587? <0.001
>12 years 584 (50.4) 182 (31.2) 402 (68.8)
Marital status Married 1091 (94.1) 275 (23.7) 816 (70.4) 2.389?) 0.496
Unmarried 57 (4.9) 19 (33.3) 38 (66.7)
Divorced 1(0.1) 0 (0) 1 (100)
Widowed 10 (0.9) 2 (20.0) 8 (80.0)
Current residence Not in Wuhan City but in Hubei Province 676 (58.3) 165 (24.4) 511 (75.6) 4.739? 0.192
Wuhan City 338 (29.2) 90 (26.6) 248 (73.4)
Outside Hubei Province 145 (12.5) 41 (28.3) 104 (71.7)
FBG (mmol/L) 6.6 (5.7, 7.7) 6.0 (5.5, 6.5) 7.8 (7.8, 8.0) ~14.99Y <0.001
2hPBG (mmol/L) 9.3 (8.0, 11.0) 8.0 (7.2, 9.0) 11.0 (10.0, 12.3) —15.58% <0.001

1) Z value, 2) % value.

t1Sgor (OZOZ) O/ 3D2ILDVYJd TVOINITD ANV HOYVISIY SILILVIA



Table 2 — Comparison of self-management data between T2DM patients with well-controlled and poorly controlled BG.

Total Well-controlled blood Poorly controlled blood Statistic P value
glucose (n = 296) glucose (n = 863)
Vegetable intake (days/week) 7(7,7) 7(7,7) 7(7,7) —0.855Y 0.392
Dessert consumption (days/week) 0 (0, 1) 0 (0, 1) 0 (0, 2) —2.204Y 0.027
Exercise (days/week) 7 (4,7) 7 (5,7) 7 (6, 8) —1.108Y 0.268
Foot self-examination (times/week) 0 (0, 5) 0 (0, 7) 0 (0, 4) —2.960Y 0.003
Sleep duration (h/day) 7 (6, 8) 7 (7, 8) 7 (6, 8) —1.9229 0.055
Regular meals Yes 1092 (94.2) 275 (25.2) 817 (74.8) 1.260? 0.262
No 67 (5.8) 21 (31.3) 46 (68.7)
Blood glucose meter Yes 942 (81.3) 288 (30.6) 654 (69.4) 67.045? <0.001
No 211 (18.2) 2 (3.7) 209 (96.3)
Hypoglycemia Yes 168 (14.5) 53 (31.5) 115 (68.5) 3.730? 0.053
No 991 (85.5) 243 (24.5) 748 (75.5)
SMBG (days/week) 0 373 (32.2) 14 (3.8) 359 (96.2) 154.569) <0.001
1 157 (13.5) 36 (22.9) 121 (77.1)
>2 629 (54.3) 246 (39.1) 383 (60.9)
Medication plan No drugs 117 (10.1) 24 (20.5) 93 (79.5) 9.371% 0.021
OHA 481 (41.5) 145 (30.1) 336 (69.9)
Insulin injection 198 (17.1) 42 (21.2) 156 (78.8)
OHA + insulin injection 363 (31.3) 85 (23.4) 278 (76.6)
Medication compliance Yes 901 (77.8) 244 (27.1) 657 (72.9) 5.059? 0.024
No 258 (22.3) 52 (20.2) 206 (79.8)
Exercise intensity No movement 133 (24.8) 33 (24.8) 100 (75.2) 0.697? 0.448
Low 321 (27.7) 78 (24.3) 243 (75.7)
Moderate 666 (57.5) 176 (26.4) 490 (73.6)
High 39 (3.4) 9 (23.1) 30 (76.9)
Diabetic foot Yes 32 (2.8) 7 (21.9) 25 (78.1) 0.232? 0.630
No 1127 (97.2) 289 (25.6) 838 (74.4)
Smoking Yes 258 (22.3) 76 (29.5) 182 (70.5) 2.679% 0.102
No 901 (77.7) 220 (24.4) 681 (75.6)
Anxiety None 983 (84.8) 251 (25.6) 732 (74.4) 3.057? 0.548
Mild 150 (12.9) 35 (23.3) 115 (76.7)
Moderate 23 (3.0) 9 (39.1) 14 (60.9)
Severe 3 (0.3) 1(0.3) 2 (66.7)

1) Z value, 2) x° value.

t1Sgo1 (OZOZ) O/ 30I1LDOVYd TVDINITO ANV HOYVISIY sILILVIA
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Table 4 — Comparison of self-management data between T1DM patients with well-controlled and poorly controlled BG.

Total Well-controlled blood glucose (n = 33) Poorly controlled blood glucose (n = 61) Statistic P value

SMBG (days/week) 3(1,7) 6(2,13) 3 (1, 6) —-2.531Y 0.011
Vegetable intake (days/week) 7(7,7) 7(7,7) 7(7,7) -1.360Y 0.174
Dessert consumption (days/week) 0 (0,2) 0 (0, 1) 0.5 (0, 2) —2.221Y 0.026
Exercise (days/week) 7 (4,7) 7 (3,7) 7 (4,7) —0.444Y 0.657
Foot self-examination (times/week) 0(0,3) 0 (0, 5.5) 0 (0, 0.5) —1.146Y 0.252
Sleep duration (h/day) 8(7,8 8(7,8) 8 (7, 8) —0.238Y 0.812
Regular meals Yes 90 (95.7) 32 (35.6) 58 (64 4) 0.1872  0.665
No 4(43) 1(25.0) 3 (75.0)
Blood glucose meter at home Yes 84 (89.4) 32 (38.1) 52 (61.9) 3.0962  0.078
No 10 (10.6) 1 (10.0) 9 (90.0)
Hypoglycemia Yes 36 (38.3) 15 (41.7) 21 (58.3) 11022  0.294
No 58 (61.7) 18 (31.0) 40 (69.0)
Medication plan No drugs 7(7.4) 3(42.9) 4 (57.1) 26479  0.449
OHA 7(74) 3 (42.9) 4 (57 1)
Insulin injection 60 (63.8) 23 (38.3) 37 (61.7)
OHA + insulin injection 20 (21.3) 4 (20.0) 16 (80.0)
Medication compliance Yes 23 (24.5) 12 (52.2) 11 (47.8) 3.894?  0.048
No 71 (75.5) 21 (29.6) 50 (70.4)
Exercise intensity No movement 13 (13.8) 6 (46.2) 7 (53.8) 26572 0.448
Low 18 (19.1) 4 (22.2) 14 (77.8)
Moderate 62 (66.0) 23 (37.1) 39 (62.9)
High 1(1.1) 0(0) 1 (100)
Diabetic foot Yes 1(1.1) 1 (100.0) 0 (0) 1.8682  0.172
No 93 (98.9) 32 (34.4) 61 (65.6)
Smoke Yes 20 (21.3) 3 (15.0) 17 (85.0) 45082  0.034
No 74 (78.7) 30 (40.5) 44 (59.5)
Anxiety None 29 (30.9) 25 (33.3) 50 (66.7) 14552 0.483
Mild 55 (58.5) 6 (37.5) 10 (62.5)
Moderate 10 (10.6) 2 (66.7) 1 (33.3)

1) Z value, 2) 2 value.
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Previous studies have shown that the overall prevalence of
T2DM increases rapidly with increasing age [15] and that age
is associated with glycemic control [16], which is consistent
with our research. Binary regression analysis showed that
age was a risk factor for BG control in patients with T2DM,
and the median age in the poorly controlled BG group was sig-
nificantly older than that in the well-controlled BG group
among T2DM patients. The reason may be that the function
of islet B cells gradually decreases with increasing age, thus
weakening the ability to regulate BG levels.

During the COVID-19 epidemic, SMBG is important. The
survey showed that T2DM patients with BG meters had better
glycemic control than patients without BG meters at home.
The outpatient glucose monitoring consensus statement
pointed out that SMBG is an essential tool that should be
accessible to all patients with diabetes regardless of whether
they are receiving insulin treatment [17]. In this survey, 89.4%
of the patients with T1IDM and 81.3% of the patients with
T2DM had portable BG meters. BG meters are the most com-
mon and convenient instruments used for SMBG [18]. Having
a BG meter at home may be one of the important indicators of
good glycemic control. Our research showed that 330 (28.5%)
patients with T2DM and 12 (12.8%) patients with T1DM never
monitored their BG during the epidemic. The reasons were as
follows: first, some patients did not have BG meters or test
strips. They had visited the community health center to mon-
itor their BG levels before the pandemic. However, their ability
to continue to do so was affected by the epidemic. Second,
some patients did not measure their BG at all because of
the fear of pain.

The frequency of SMBG in the well-controlled BG group
was significantly higher than that in the poorly controlled
BG group among T2DM patients. Our regression analysis fur-
ther indicated that BG was better managed by measuring BG
levels approximately two times per week. Previous guidelines
indicated that measurement of BG depended on the treat-
ment. For example, for patients with T2DM on basal insulin
therapy, SMBG should be performed one to two times per
day, and for patients with T2DM on diet/lifestyle therapy only,
SMBG should be performed at least two times per week [17].
However, during the COVID-19 epidemic, our study found that
performing BG monitoring two times per week was more
appropriate and effective. Several reasons may account for
the low frequency of SMBG. First, insufficient amounts of test

strips limited the number of BG monitoring measurements
that could be performed. Some patients were worried that
they would not be able to buy test strips during the epidemic
and deliberately reduced their BG monitoring frequency. Sec-
ond, others failed to perform BG monitoring because of a fear
of pain. Third, some patients had an incorrect understanding
of BG monitoring. They thought that when they did not have
any discomfort, BG monitoring was not necessary. Previous
studies have confirmed that adequate knowledge of BG man-
agement and active SMBG are favorable factors for good glyce-
mic control [19]. Appropriate use of a structured SMBG
regimen promotes desired behavioral changes and facilitates
therapy optimization, leading to improved clinical outcomes
for patients with insulin-treated T2DM [20]. Therefore,
reminding patients to monitor their BG during the outbreak
by phone or other tools and educating them regarding the
importance of SMBG may be important.

More education (>12 years) was a protective factor affect-
ing glycemic control in both T1IDM and T2DM patients. Table 1
and Table 3 show that compared with the group with poorly
controlled control, the group with well-controlled BG had a
higher proportion of patients with >12 years of education
[31.2% vs 19.8% among T2DM patients (P < 0.001) and 44.9%
vs 38.7% among T1DM patients (P = 0.038)]. This finding
showed that education had a strong positive influence on
the treatment of diabetes, which is similar to findings in pre-
vious studies [21,22]. During the COVID-19 epidemic, patients
with diabetes can acquire knowledge of and skills pertaining
to diabetes prevention mainly through the internet. Patients
with a high education level have more means to acquire
knowledge. Adequate knowledge of and skills pertaining to
diabetes self-management, such as engaging in active SMBG,
engaging in physical exercise, and preventing the occurrence
of ulcers, are all helpful for improving BG and preventing
chronic and acute complications of diabetes.

The rate of T2DM medication compliance was 77.8%, and
medication compliance was closely related to glycemic con-
trol in this survey. Lower medication compliance corre-
sponded to worse glycemic control. Patients with optimal
control of their BG levels had significantly better self-
reported drug compliance (P < 0.05), which is similar to find-
ings in previous studies [23]. Medication compliance can be
affected by many factors, such as belonging to the 18- to 35-
year-old age group, being single, having a fear of diabetes-

Table 5 - Factors contributing to glycemic control in T2DM patients as examined using binary logistic regression (n = 1159).

Variable Categories OR (95% confidence interval) P

Age 1.017 (1.003, 1,030) 0.013

Education >12 years 1.646 (1.202, 2.255) 0.002
<12 years

Blood glucose meter Yes 2.728 (1.205, 6.179) 0.016
No

Medication compliance Yes 1.627 (1.076, 2.460) 0.021
No

SMBG (times/week) >2 0.000
1 2.040 (1.335, 3.117) 0.001
0 10.884 (5.883, 20.139) 0.000

OR: odds ratio, CI: confidence interval.
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Table 6 — Factors contributing to glycemic control in TIDM patients as examined using binary logistic regression (n = 94).

Variable Categories OR (95% confidence interval) P
Education >12 years 3.031(1.112,8.263) 0.030
<12 years

OR: odds ratio, CI: confidence interval.

related complications and feeling worse according to a previ-
ous study [24]. During the epidemic, especially in the early
stages, the continuous supply of drugs was affected. Ordinary
patients with diabetes could not visit a doctor in a timely
fashion. Insulin is a common drug used by people with dia-
betes that must be stored and transported in cold storage.
During the COVID-19 outbreak, the cold chain transport of
insulin was blocked, creating difficulty in ensuring the con-
tinuous supply of insulin. People with diabetes did not visit
their physicians for routine clinical appointments. These
external factors may have also affected patients’ compliance
with their medication regimen.

According to our telephone follow-up results, the diet
structure, exercise, sleep, hypoglycemia symptoms and anxi-
ety of diabetic patients did not have a particularly significant
impact in the epidemic situation. but we found that the tele-
phone follow-up to guide the rational condition monitoring in
diabetic patients, especially for diabetic patients without
drugs how through diet and exercise to avoid the occurrence
of diabetic ketosis, guide patients to identify and prevent
hypoglycemia; More importantly, telephone follow-up pro-
vided comfort and reassurance to the anxious patients in
the closure of city.

Some other authors have suggested that the quality of gly-
cemic control can improve during the COVID-19 era, that the
lockdown has not adversely affected metabolic control in dia-
betics patients, and that HbAlc levels appear to have
improved [25]. The results of this study are different from
ours, probably due to different criteria for blood glucose con-
trol, but using telemedicine during the lockdown and better
technologies to help diabetics contact their doctors warrant
further attention. In COVID-19 outbreak of this special period,
our researchers can’t learn glycemic control of patients by
face-to-face following-up, also can’t through the hospital
inspection equipment testing patients’ blood glucose, only
through a telephone follow-up of patients in SMBG, the glyce-
mic control levels and diabetes self-management behavior
status, to simple and effective communication with patients,
help patients found that hyperglycemia and hypoglycemia in
time, thereby promoting blood sugar stable of diabetic
patients during home quarantine. Therefore, telephone
follow-up or telemedicine technology will be a good method

for diabetes management in future public health
emergencies.
5. Limitations

A centralized telephone follow-up was adopted to communi-
cate with patients directly and clarify the situation that the
patients were experiencing during the epidemic. All the
investigators involved in the follow-up were endocrine

department nurses. During the follow-up, they not only inves-
tigated basic information but also cared about the suffering of
the diabetes patients, attempting to successfully manage
their conditions at home and providing targeted health edu-
cation. The patients and their families expressed their recog-
nition of and gratitude for the investigators. This study has
some limitations that must be acknowledged. First, data col-
lection was cross-sectional, and the involved patients were
discharged from the same hospital. Additionally, due to the
limited telephone time, the researchers may not have had
sufficient interactions with the patients.

6. Conclusions

During the COVID-19 epidemic, glycemic control among
T1DM and T2DM patients in home quarantine is inadequate.
Older age, fewer than 12 years of education, poor medication
compliance and less SMBG were risk factors for poor glycemic
control. The epidemic has increased the difficultly of control-
ling BG at home for these patients, and daily SMBG and adher-
ence to the prescribed medication regimen are important.
Therefore, diabetic patients should be advised to increase
the frequency of blood glucose measurements during home
quarantine and be re-educated regarding the importance of
medication compliance.

Funding

This work received no funding from an external source.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments
The authors thank the diabetes care follow-up team from the

Endocrinology Department of Tongji Hospital for conducting
this study and the participants for their cooperation.

REFERENCES

[1] Wu Z, McGoogan JM. Characteristics of and Important
Lessons From the Coronavirus Disease 2019 (COVID-19)
Outbreak in China: Summary of a Report of 72 314 Cases
From the Chinese Center for Disease Control and Prevention.
JAMA 2020;323:1239-42.


http://refhub.elsevier.com/S0168-8227(20)30771-3/h0005
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0005
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0005
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0005
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0005

10 DIABETES RESEARCH AND CLINICAL PRACTICE I/0O (2020) 108514

[2] Matias T, Dominski FH, Marks DF. Human needs in COVID-19
isolation. ] Health Psychol 2020;25:871-82.

[3] Gong K, Xu Z, Cai Z, Chen Y, Wang Z. Internet hospitals help
prevent and control the epidemic of COVID-19 in China:
multicenter user profiling study. ] Med Internet Res 2020;22
e18908.

[4] NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends
in diabetes since 1980: a pooled analysis of 751 population-
based studies with 4.4 million participants. Lancet
2016;387:1513-30.

[5] Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, et al.
Prevalence and ethnic pattern of diabetes and prediabetes in
China in 2013. JAMA 2017;317:2515-23.

[6] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. The Lancet 2020;395:497-506.

[7] Zhu L, She Z, Cheng X, Qin ], Zhang X, CaiJ, et al. Association
of blood glucose control and outcomes in patients with
COVID-19 and pre-existing Type 2 diabetes. Cell Metab
2020;31:1068-77.

[8] Peric S, Stulnig TM. Diabetes and COVID-19: disease-
management-people. Wien Klin Wochenschr 2020;132(13-
14):356-61.

[9] Jafar N, Edriss H, Nugent K. The effect of short-term
hyperglycemia on the innate immune system. Am ] Med Sci
2016;351(2):201-11.

[10] Alberti KGMM, Zimmet PZ, WHO C. Definition, diagnosis and
classification of diabetes mellitus and its complications. Part
1: diagnosis and classification of diabetes mellitus.
Provisional report of a WHO Consultation. Diabetic Med
1998;15:539-53.

[11] Linda A, DiMeglio CERA. Type 1 diabetes. LANCET
2018;391:2449-62.

[12] Association AD. Standards of medical care in diabetes—2017
abridged for primary care providers. Clin Diab 2017;35:5-26.

[13] Dong Q, Huang J, Liu S, Yang L, Li ], Li B, et al. A survey on
glycemic control rate of type 2 diabetes mellitus with
different therapies and patients’ satisfaction in China.
Patient Prefer Adher 2019;13:1303-10.

[14] Banerjee Mainak et al. Diabetes self-management amid
COVID-19 pandemic. Diabetes & metabolic syndrome,
2020;14(4):351-4.

[15] YangL, ShaoJ, Bian Y, Wu H, Shi L, Zeng L, et al. Prevalence of
type 2 diabetes mellitus among inland residents in China
(2000-2014): a meta-analysis. ] Diab Investig 2016;7(6):845-52.

[16] Hayashi T, Kawashima S, Nomura H, Itoh H, Watanabe H,
Ohrui T, et al. Age, gender, insulin and blood glucose control

status alter the risk of ischemic heart disease and stroke
among elderly diabetic patients. Cardiovasc Diabetol
2011;10:86.

[17] Bailey TS, Grunberger G, Bode BW, Handelsman Y, Hirsch IB,
Jovanovic L, et al. American association of clinical
endocrinologists and american college of endocrinology 2016
outpatient glucose monitoring consensus statement. Endocr
Pract 2016;22:231-61.

[18] Garcia De La Torre N, Duran A, Del Valle L, Fuentes M, Barca I,
Martin P, et al. Early management of type 2 diabetes based on
a SMBG strategy: the way to diabetes regression—the St
Carlos study: A 3-year, prospective, randomized, clinic-
based, interventional study with parallel groups. Acta
Diabetol 2013;50:607-14.

[19] Li C, Wang A, Zhang Y, Ning X, Lei M. Knowledge of blood
sugar control standard bringsthe higher attainment rate of
HbA1lc. Zhong nan da xue xue bao. Yi xue ban =] Central
South Univ Med Sci 2013;38:773-8.

[20] JiL, Su Q, Feng B, Shan Z, Hu R, Xing X, et al. Structured self-
monitoring of blood glucose regimens improve glycemic
control in poorly controlled Chinese patients on insulin
therapy: results from COMPASS. J Diab 2017;9(5):495-501.

[21] Wang Z, Li X, Chen M. Socioeconomic factors and inequality
in the prevalence and treatment of diabetes among middle-
aged and elderly adults in China. J Diab Res
2018;2018:1471808.

[22] Jahanlou AS, Alishan Karami N. The effect of literacy level on
health related-quality of life, self-efficacy and self-
management behaviors in diabetic patients. Acta Med Iran
2011;49(3):153-8.

[23] Weerarathna TP, Weerarathna MK, Senadheera V,
Meththananda Herath HM, Liyanage G. Association of self-
reported dietary and drug compliance with optimal
metabolic control in patients with type 2 diabetes: clinic-
based single-center study in a developing country. ] Nutr
Metab 2018;2018:3421476.

[24] Tw A. Medication non-adherence and associated factors
among diabetes patients in Felege Hiwot Referral Hospital,
Bahir Dar city administration, Northwest Ethiopia. BMC Res
Notes 2019;12(1):175.

[25] Anjana RM, Pradeepa R, Deepa M, Jebarani S, Venkatesan U,
Parvathi SJ, et al. Acceptability and utilization of newer
technologies and effects on glycemic control in type 2
diabetes: lessons learnt from lockdown. Diab Technol Ther
2020;22:527-34.


http://refhub.elsevier.com/S0168-8227(20)30771-3/h0010
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0010
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0015
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0015
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0015
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0015
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0020
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0020
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0020
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0020
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0025
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0025
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0025
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0030
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0030
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0030
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0035
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0035
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0035
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0035
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0040
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0040
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0040
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0045
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0045
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0045
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0055
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0055
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0060
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0060
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0065
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0065
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0065
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0065
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0070
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0070
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0070
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0075
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0075
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0075
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0080
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0080
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0080
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0080
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0080
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0085
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0085
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0085
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0085
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0085
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0090
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0090
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0090
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0090
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0090
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0090
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0095
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0095
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0095
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0095
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0100
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0100
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0100
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0100
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0105
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0105
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0105
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0105
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0110
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0110
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0110
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0110
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0115
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0115
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0115
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0115
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0115
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0115
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0120
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0120
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0120
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0120
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0125
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0125
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0125
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0125
http://refhub.elsevier.com/S0168-8227(20)30771-3/h0125

