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ABSTRACT

Objective During COVID-19 pandemic, complete
lockdown of cities was one of the measures implemented
by governments worldwide. Lockdown had a significant
impact on people’s lifestyles and access and utilisation of
health services. This study aimed to assess the impact of
the lockdown on glycaemic control among patients with
type 2 diabetes mellitus (T2DM).

Design and setting This was a retrospective study,
electronic medical records at a leading University Hospital
in Northern Jordan were used to extract study data.
Participants All outpatients with T2DM.

Primary and secondary outcome measures Glycated
haemoglobin (HbA1c), blood glucose and lipid profile for
patients with T2DM, 6 months before and 6 months after
the full COVID-19 lockdown.

Results A total of 639 patients (289 (45.2%) males and
350 (54.8%) females) were included in this study. Their
age ranged from 18 to 91 years, with a mean (SD) of
59.9 (13.8) years. The overall means of HbA1c (8.41 vs
8.20, <0.001), high-density lipoprotein (1.16 vs 1.12,
<0.001), low-density lipoprotein (2.81 vs 2.49, <0.001)
and total cholesterol (4.45 vs 4.25, p<0.001) levels

were significantly higher in the period before lockdown
compared with the period after the lockdown. However,
triglyceride and fasting blood glucose levels were not
affected significantly after the lockdown.

Conclusions The glycaemic control and lipid profile had
significantly improved after COVID-19 pandemic lockdown.
The availability of medication and medical advice
delivery systems (monthly medicine deliveries) during the
lockdown in Jordan might have positive impact on patients
with diabetes.

INTRODUCTION

Diabetes mellitus (DM) is a lifelong disease
that contributes to high morbidity and
mortality rates.' > The global prevalence has
quadrupled during the last three decades,
and it is now the ninth-leading cause of
mortality.” Individual susceptibility to type
2 diabetes (T2DM) is partly determined by
genetic predisposition,” but a poor diet and

sedentary lifestyle are significant drivers of
T2DM.*’

. Nadeen Saeed Okour," Yousef Khader,?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The sample used was limited to diabetic outpatients
at a single centre due to the pandemic lockdown
and challenges in obtaining data from electronic
medical records in other hospitals.

= Having more measurement before and after (inter-
rupted time-series design) is superior to pre—post
test design, which we used without having a control
group.

= There was a lack of data that could be gathered/
extracted from patients’ electronic files such as
certain sociodemographic variables, medication,
dietary and exercise regiments and change in pat-
terns during the data collection period.

= The study was conducted in one of the largest hos-
pitals in the north of Jordan that was open even
during the pandemic lockdown.

= The data collection extended to several months be-
fore and after the lockdown period. Therefore, life-
style and medication may have changed during the

periods before or after the lockdown.

Uncontrolled diabetes has emerged as
one of the leading root causes of death in
COVID-19 patients, as well as the second
most common comorbidity of COVID-19.%*
It has been known that people with diabetes
are more susceptible to infections and have a
worse prognosis once infected than patients
with no diabetes.”!" Furthermore, when
diabetic people infected with respiratory
viruses, they tend to get a severe illness and
are more likely to be hospitalised.'*

One of the key steps taken by governments
around the world, particularly those most
afflicted by the COVID-19 pandemic, was
the complete or partial lockdown of cities.
As part of the global response to COVID-19
pandemic, Jordan declared a state of emer-
gency and imposed a national lockdown in
17 March, 2020 to May 2020. The lockdown
was extended to include limiting healthcare
services to emergency care only, and patients
were also advised to avoid attending hospitals
unless strictly essential. Then, the Jordainan
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government started to ease the lockdown.'* 1° However,
strict adherence to prescriptions and reinforcement of
the need of preventive actions were emphasised, espe-
cially for patients with chronic diseases.'* '

The closure of many healthcare services and the curfew
that limited people’s movement could have affected
people’s accessibility to medications and continuity of
care.'™ Poor management of T2DM and any disrup-
tions could result in significant health implications and
a deterioration of their metabolic control.” Further-
more, the lockdown and other restrictions (ie, social
isolation) has affected DM patient’s feelings of stress or
anxiety.”! # A recent study found an increase in carbo-
hydrate intake, disruption of meal schedules, increased
snacking, decrease in exercise, decreased self-monitoring
of blood glucose and widespread mental stress in patients
with T2DM but positive changes such as increased fruit
consumption were also reported.” Another study showed
that although 80% of the participants reported that they
exercised regularly and managed to maintain a healthy
diet, but only 28% regularly checked their blood glucose
levels.**

Relevant studies found improved glycaemic control in
patients with diabetes during lockdown,?' * while others
reported deterioration of glycaemic control or no differ-
ence.””™ Reviews of the current literature revealed a lack
of regional studies investigating the effect of COVID-19
lockdown on patients with T2DM.*® ** Therefore, this
study aimed to assess the impact of COVID-19 lockdown
on glycaemic control among patients with T2DM in
Jordan. Specifically, the study was conducted to compare
glycated haemoglobin (HbAlc) levels, blood glucose
levels, and lipid profile measures as reflected by the low-
density lipoprotein (LDL) cholesterol, high-density lipo-
protein (HDL) cholesterol and triglycerides (TG) among
Jordanian patients with T2DM before and after lockdown.

MATERIALS AND METHODS

Data source

This was a retrospective study conducted at a leading
tertiary university hospital serving more than 1.6 million
populations in Northern Jordan. The current study used
data from electronic medical records for outpatients with
T2DM 6 months before (mid of September 2019 to mid
of March 2020) and 6 months after the lockdown (end
of May 2020 to end of November 2020). The sample size
was calculated using G*Power V.3.1.9.2. The minimum
sample size needed to detect a small effect size in the
change of HBAlc (effect size d=0.3) at a power of 80%
and alpha level of 0.05 was calculated at 145 subjects. Our
sample size was increased to have an adequate power for
subgroup analysis.

The HbAlc, fasting blood glucose (FBG) and lipid
profile of T2DM individuals were retrieved and compared
prelockdown and postlockdown to examine the poten-
tial impact of lockdown on glycaemic control and lipid
profile. Available sociodemographic data including

age, gender and marital status were also obtained. We
made sure that data extracted about fasting blood sugar
through patients’ electronic medical files was accurate.
Nurses and doctors usually ask patients about their fasting
status before a blood sample is taken. If the patients are
not fasting at that time, then blood samples are delayed
to another day.

All collected data were processed and analysed
anonymously.

Patient and public involvement
No patient involved.

Data analysis

Collected data were entered and encoded into IBM SPSS
Statistics software (IBM SPSS Statistics for Windows,
V.26.0., IBM). Data were tested for normality and found to
be normally distributed except for HbA1C and TG. Thus,
differences between males and females were tested using
an independent sample t-test in normally distributed data
and Mann-Whitney non-parametric tests for non-normally
distributed data. Similarly, differences between levels of
variables before and after the COVID-19 lockdown were
compared using paired samples t-test for normally distrib-
uted data and using the Wilcoxon signed ranks test for
data that are not normally distributed. Finally, repeated
measures multivariate analysis was conducted to compare
the means of parameters between the two time intervals
after adjusting for gender and age. A p<0.05 was consid-
ered statistically significant.
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Figure 1 The mean HbA1c (%) in males and females before
and after the lockdown. HbA1c, glycated haemoglobin.
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Table 1 Changes in glucose level, HbA1c and lipid parameters before COVID-19 lockdown and the period after lockdown

Before lockdown  After lockdown Change (before-after) P value
N Mean SD Mean SD Mean SD
Total
HbA1c (%) 637 8.41 1.59 8.20 1.59 0.21 1.40 <0.001
Fasting blood glucose (FBG) (mmol/L) 254 10.89 4.68 11.19 5.30 -0.31 5.86 0.407
High-density lipoprotein (HDL) (mmol/L) 423 1.16 0.30 1.12 0.30 0.04 0.17 <0.001
Low-density lipoprotein (LDL) (mmol/L) 414 2.81 0.99 2.49 0.88 0.32 0.85 <0.001
Total cholesterol (mmol/L) 424 4.45 1.13 4.25 1.06 0.20 0.91 <0.001
Triglyceride (TG) (mmol/L) 416 2.22 1.59 2.20 1.24 0.02 1.26 0.713
Male
HbA1c (%) 287 8.48 1.66 8.20 1.57 0.29 286 0.001
FBG (mmol/L) 126 11.28  4.85 11.17 5.48 0.11 125 0.847
HDL (mmol/L) 202 1.05 0.24 1.01 0.25 0.04 201 <0.001
LDL (mmol/L) 197 2.78 0.97 2.36 0.80 0.43 196 <0.001
Total cholesterol (mmol/L) 203 4.34 1.08 4.04 0.96 0.30 202 <0.001
TG (mmol/L) 198 2.35 1.66 2.31 1.38 0.04 197 0.718
Female
HbA1c (%) 350 8.35 1.53 8.20 1.62 0.15 349 0.048
FBG (mmol/L) 128 10.50 4.49 11.22 818 -0.72 127 0.123
HDL (mmol/L) 221 1.26 0.31 1.22 0.32 0.04 220 0.002
LDL (mmol/L) 217 2.84 1.01 2.61 0.94 0.23 216 <0.001
Total cholesterol (mmol/L) 221 4.54 1.18 4.44 1.1 0.11 220 0.065
TG (mmol/L) 218 2.1 1.51 2.10 1.08 0.01 217 0.890

All bold values refer to significant P values.
HbA1c, glycated haemoglobin.

RESULTS

Atotal of 639 patients (289 (45.2%) males and 350 (54.8%)
females) were included in this study. Their age ranged
from 18 to 91 years, with a mean (SD) of 59.9 (13.8) years.
There was no significant difference in mean age between
males (60.1£13.79) and females (59.7+13.78), p=0.745.
One-tenth (10.3%) of patients were singles.

Figure 1 shows the mean HbAlc (%) in males and
females before and after the lockdown. The mean HbAlc
decreased significantly in the period after the lockdown
compared with the period before lockdown among males
and females.

Table 1 shows the changes in glucose level, HbA1C and
lipid parameters between the period of before COVID-19
lockdown and the period after lockdown. The overall
means of HbAlc (8.41 vs 8.20, <0.001), HDL (1.16 vs 1.12,
<0.001), LDL (2.81 vs 2.49, <0.001) and total cholesterol
(4.45 vs 4.25, p<0.001) levels were significantly higher in
the period before lockdown compared with the period
after the lockdown. However, TG and FBG levels were
not affected significantly after the lockdown. The same
findings were seen in males and females, except that the
change in total cholesterol was not significant among
females.

In the multivariate analysis, the changes (before—after)
in HbAIC (B 0.25%, 95% CI 0.12% to 0.38%; p=0.081),
HDL (B=0.05mmol/L, 95% CI 0.02 to 0.08; p=0.019),
LDL (B=0.34mmol/L, 95% CI 0.22 to 0.46; p<0.001)
and total cholesterol (B 0.21 mmol/L, 95% CI 0.08 to
0.35; p=0.002) were statistically significant after adjusting
for age and gender. However, the changes in FBG level
(p=0.72) and TG (p=0.85) were not statistically significant.

DISCUSSION

Our findings showed that HbAIC levels were high for
all patients of all groups, both before and after the lock-
down. Unlike previous research that assumed a signifi-
cant worsening of glycaemic control among patients with
T2DM,** this study showed significant improvement in
HbAlc after the lockdown, and no significant changes
have been observed in glucose levels. However, the small
decrease of HbAlc was not associated with a decrease in
FBG levels. Thus, the clinical benefit of the changes in
glycaemic control was modest at best.

Similar to our findings, several previous studies found
that the lockdown did not negatively affect glycaemic
control pattern among patients with T2DM.*" ¥ Other
studies from Greece, France and India reported
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improvement in glycaemic and metabolic control durin
the lockdown periods pertaining to their countries.”**?

Our findings were not in accordance with those
reported by Ghosal et al who reported substantial
increase in HbAIC and diabetes-related complications
in people with diabetes.”® Another study concluded that
overall glycaemic control has worsened during a 3-week
lockdown period. The authors suggested that lifestyle
changes, psychological stress, difficulty in getting medi-
cation and medical advice were possible factors in wors-
ening glycaemic control.* Such problems were not
seen among patients included in our study. The Jordan
government implemented internationally standardised
guidelines in crisis management which were all critical
to success and progress during critical situations and
helped Jordanian to pass the crisis with minimal effect on
patients’ health.'*'?

Also, the Ministry of Health healthcare centres and
hospitals and in partnership with Jordanian Medical Asso-
ciation and non-governmental organisations played a vital
role in delivering medications to patients with chronic
diseases to their homes during the pandemic. Contrary
to the Jordanian situation, decentralised measures imple-
mented by states in Brazil were reported to have left
the majority of patients with diabetes unprotected, thus
reported increased glycaemic levels and/or variability.”

One explanation for the possible significant improve-
mentin HbAlcand total cholesterol level in some patients
with diabetes was that those who had a labour-intensive
work schedule prior to the lockdown now had the option
of working from home, resulting in better eating habits
and a chance for more exercise.”

Contrary to previous findings,** our findings demon-
strated that both LDL and HDL were higher before the
lockdown than after the lockdown in both males and
females. The lower HDL, LDL and cholesterol after the
lockdown may be linked to a change in food patterns
during lockdown; low-carbohydrate diets help people
lose weight and improve their lipid profiles.” ** * In
contrast to the 3-week lockdown period mentioned by
Khare and Jindal, difficulty in getting medication and
medical advice were not a major problem throughout
the Jordanian population, as the governmental proto-
cols and medication services for chronic diseases patients
did not diminish at all. Finally, as this is a retrospective
study, where data were extracted from patients’ electronic
medical records, we relied on what was documented in
these records with limited accessibility to patients because
of the COVID-19 curfew at the time of data collection.
However, if there were any changes in medications, the
doctor should have included this in the patients’ elec-
tronic files. We did not see any medication changes docu-
mented in any of the data that we extracted.

Limitations

This study has some limitations that need to be acknowl-
edged by the authors. First, the sample used was limited
to diabetic outpatients at a single centre due to the

pandemic lockdown and challenges in obtaining data
from electronic medical records in other hospitals.
Second, our study lacks a control group thus having more
measurement before and after (interrupted time-series
design) is superior to pre—post test design, which we used
without having a control group. Third, there was a lack
of data that could be gathered/extracted from patients’
electronic files such as certain sociodemographic vari-
ables, medication, dietary and exercise regiments and
change in patterns during the data collection period. The
study was conducted in one of the largest hospitals in the
north of Jordan that was open even during the pandemic
lockdown. Finally, the data collection extended to several
months before and after the lockdown period. Therefore,
lifestyle and medication may have changed during the
periods before or after the lockdown.

CONCLUSIONS

Our study showed that the glycaemic control and lipid
profile had significantly improved after lockdown. The
availability of medication delivery systems (monthly medi-
cine deliveries) during the lockdown in Jordan might
have had a positive impact on patients with diabetes.
Delivering medicines to patients’ homes initiative was
part of the Jordanian’s health system precautionary
measures to prevent the arising coronavirus pandemic,
limit its spread, reduce hospital/health centres visits and
encourage citizens to stay at home and provide services
using available technology.

Contributors MSA, NSO and YK conceived the ideas of this study, participated

in the studydesign, analysis and interpretation, as well as drafted and amended
for themanuscripts. NSO and NA-S were involved in data collection. Data analysis
and interpretation was done by YK. MSA, YK and NA-S critically reviewed the
manuscript. All authors had final responsibility for the decision to submit for
publication. MSA is the guarantor for the study.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Prior to data collection, ethical approvals were obtained from the
Institutional Review Board (IRB) of the Jordan University of Science and Technology
(JUST) and from the participating hospital. The consent form administration was
waived and approved by the IRB at JUST (2021/144/35).

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Open access This is an open access article distributed in accordance with

the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the
original work is properly cited, appropriate credit is given, any changes made
indicated, and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.

ORCID iD
Mohammad S Alyahya http://orcid.org/0000-0003-2345-4892

4

Alyahya MS, et al. BMJ Open 2022;12:€065148. doi:10.1136/bmjopen-2022-065148

"JybuAdoo Agq paroslold 1sanb Aq #7202 ‘8z 1990190 U0 jw o9’ [wqg uadolwg//:dny wol) papeojumoq "2zZ0z JoquanoN 8 Uo 817T590-zZ0z-uadolwa/9eTT 0T Sk paysiignd 1si1y :uado CING


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2345-4892
http://bmjopen.bmj.com/

REFERENCES

1

2

20

21

22

Papatheodorou K, Banach M, Bekiari E, et al. Complications of
diabetes 2017. J Diabetes Res;2018:1-4.

Maffi P, Secchi A. The burden of diabetes: emerging data. In:
Bandello FZM, Lattanzio R, Zucchiatti |, eds. Management of diabetic
retinopathy. Basel: Karger, 2017: 1-5.

Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of

type 2 diabetes mellitus and its complications. Nat Rev Endocrinol
2018;14:88-98.

Prasad RB, Groop L. Genetics of type 2 diabetes-pitfalls and
possibilities. Genes 2015;6:87-123.

Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet
2017;389:2239-51.

Abdelhafiz AH, Emmerton D, Sinclair AJ. Diabetes in COVID-19
pandemic-prevalence, patient characteristics and adverse outcomes.
Int J Clin Pract 2021;75:e14112.

Papadokostaki E, Tentolouris N, Liberopoulos E. COVID-19 and
diabetes: what does the clinician need to know? Prim Care Diabetes
2020;14:558-63.

Bajgain KT, Badal S, Bajgain BB, et al. Prevalence of comorbidities
among individuals with COVID-19: a rapid review of current literature.
Am J Infect Control 2021;49:238-46.

Guo W, Li M, Dong Y, et al. Diabetes is a risk factor for the
progression and prognosis of COVID-19. Diabetes Metab Res Rev
2020:e3319-e19.

Chavez-Reyes J, Escarcega-Gonzalez CE, Chavira-Suérez E, et al.
Susceptibility for some infectious diseases in patients with diabetes:
the key role of glycemia. Front Public Health 2021;9:559595.
Casqueiro J, Casqueiro J, Alves C. Infections in patients with
diabetes mellitus: a review of pathogenesis. Indian J Endocrinol
Metab 2012;16 Suppl 1:S27-36.

Klekotka RB, Mizgata E, Krél W. The etiology of lower respiratory
tract infections in people with diabetes. Pneumonol Alergol Pol
2015;83:401-8.

Thomas S, Ouhtit A, Al Khatib HA, et al. Burden and disease
pathogenesis of influenza and other respiratory viruses in diabetic
patients. J Infect Public Health 2022;15:412-24.

Alqutob R, Al Nsour M, Tarawneh MR, et al. COVID-19 crisis in
Jordan: response, scenarios, strategies, and recommendations.
JMIR Public Health Surveill 2020;6:619332.

Al-Tammemi Ala'a B. The battle against COVID-19 in Jordan: an
early overview of the Jordanian experience. Front Public Health
2020;8:188.

Hammour KA, Abdeljalil M, Manaseer Q, et al. Jordanian experience:
the Internet pharmacy drug delivery platform during the COVID-19.
Health Policy Technol 2022;11:100596-96.

Bouhanick B, Cracowski J-L, Faillie J-L. Diabetes and COVID-19.
Therapies 2020;75:327-33.

Kretchy IA, Asiedu-Danso M, Kretchy J-P. Medication management
and adherence during the COVID-19 pandemic: perspectives and
experiences from low-and middle-income countries. Res Social Adm
Pharm 2021;17:2023-6.

Khader MA, Jabeen T, Namoju R. A cross sectional study reveals
severe disruption in glycemic control in people with diabetes during
and after lockdown in India. Diabetes Metab Syndr 2020;14:1579-84.
Magkos F, Yannakoulia M, Chan JL, et al. Management of

the metabolic syndrome and type 2 diabetes through lifestyle
modification. Annu Rev Nutr 2009;29:223-56.

Ruissen MM, Regeer H, Landstra CP, et al. Increased stress, weight
gain and less exercise in relation to glycemic control in people with
type 1 and type 2 diabetes during the COVID-19 pandemic. BMJ
Open Diabetes Res Care 2021;9:e002035.

Holmes EA, O'Connor RC, Perry VH, et al. Multidisciplinary research
priorities for the COVID-19 pandemic: a call for action for mental
health science. Lancet Psychiatry 2020;7:547-60.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Ghosh A, Arora B, Gupta R, et al. Effects of nationwide lockdown
during COVID-19 epidemic on lifestyle and other medical issues of
patients with type 2 diabetes in North India. Diabetes Metab Syndr
2020;14:917-20.

Nasir A, Romero-Severson E, Claverie J-M. Investigating the concept
and origin of viruses. Trends Microbiol 2020;28:959-67.

Ludwig L, Scheyer N, Remen T, et al. The impact of COVID-19
lockdown on metabolic control and access to healthcare in people
with diabetes: the CONFI-DIAB cross-sectional study. Diabetes Ther
2021;12:2207-21.

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;13:95.

Biamonte E, Pegoraro F, Carrone F, et al. Weight change and
glycemic control in type 2 diabetes patients during COVID-19
pandemic: the lockdown effect. Endocrine 2021;72:604-10.
Biancalana E, Parolini F, Mengozzi A, et al. 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.

Khare J, Jindal S. Observational study on effect of lock

down due to COVID 19 on glycemic control in patients with
diabetes: experience from central India. Diabetes Metab Syndr
2020;14:1571-4.

Sankar P, Ahmed WN, Mariam Koshy V, et al. 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 2020;14:1815-9.

Farhane H, Motrane M, Anaibar F-E, et al. COVID-19 pandemic:
effects of national lockdown on the state of health of patients

with type 2 diabetes mellitus in a Moroccan population. Prim Care
Diabetes 2021;15:772-7.

Onmez A, Gamsizkan Z, Ozdemir Seyma, et al. The effect of
COVID-19 lockdown on glycemic control in patients with type 2
diabetes mellitus in turkey. Diabetes Metab Syndr 2020;14:1963-6.
D'Onofrio L, Pieralice S, Maddaloni E, 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.

Ojo O, Wang X-H, Ojo OO, 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.

Silverii GA, Delli Poggi C, Dicembrini |, et al. 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.

Psoma O, Papachristoforou E, Kountouri A, et al. Effect of COVID-
19-associated lockdown on the metabolic control of patients with
type 2 diabetes. J Diabetes Complications 2020;34:107756.

Rastogi A, Hiteshi P, Bhansali A. Improved glycemic control amongst
people with long-standing diabetes during COVID-19 lockdown: a
prospective, observational, nested cohort study. Int J Diabetes Dev
Ctries 2020;40:476-81.

Ghosal S, Sinha B, Majumder M, et al. Estimation of effects of
nationwide lockdown for containing coronavirus infection on
worsening of glycosylated haemoglobin and increase in diabetes-
related complications: a simulation model using multivariate
regression analysis. Diabetes Metab Syndr 2020;14:319-23.

Ugliara Barone MT, Harnik SB, Chaluppe M, et al. Decentralized
COVID-19 measures in Brazil were ineffective to protect people with
diabetes. Diabetes Metab Syndr 2020;14:1973-8.

Chawla S, Tessarolo Silva F, Amaral Medeiros S, et al. The effect of
low-fat and low-carbohydrate diets on weight loss and lipid levels: a
systematic review and meta-analysis. Nutrients 2020;12:3774.

Alyahya MS, et al. BMJ Open 2022;12:€065148. doi:10.1136/bmjopen-2022-065148

"JybuAdoo Agq paroslold 1sanb Aq #7202 ‘8z 1990190 U0 jw o9’ [wqg uadolwg//:dny wol) papeojumoq "2zZ0z JoquanoN 8 Uo 817T590-zZ0z-uadolwa/9eTT 0T Sk paysiignd 1si1y :uado CING


http://dx.doi.org/10.1155/2018/3086167
http://dx.doi.org/10.1038/nrendo.2017.151
http://dx.doi.org/10.3390/genes6010087
http://dx.doi.org/10.1016/S0140-6736(17)30058-2
http://dx.doi.org/10.1111/ijcp.14112
http://dx.doi.org/10.1016/j.pcd.2020.06.010
http://dx.doi.org/10.1016/j.ajic.2020.06.213
http://dx.doi.org/10.1002/dmrr.3319
http://dx.doi.org/10.3389/fpubh.2021.559595
http://dx.doi.org/10.4103/2230-8210.94253
http://dx.doi.org/10.4103/2230-8210.94253
http://dx.doi.org/10.5603/PiAP.2015.0065
http://dx.doi.org/10.1016/j.jiph.2022.03.002
http://dx.doi.org/10.2196/19332
http://dx.doi.org/10.3389/fpubh.2020.00188
http://dx.doi.org/10.1016/j.hlpt.2022.100596
http://dx.doi.org/10.1016/j.therap.2020.05.006
http://dx.doi.org/10.1016/j.sapharm.2020.04.007
http://dx.doi.org/10.1016/j.sapharm.2020.04.007
http://dx.doi.org/10.1016/j.dsx.2020.08.011
http://dx.doi.org/10.1146/annurev-nutr-080508-141200
http://dx.doi.org/10.1136/bmjdrc-2020-002035
http://dx.doi.org/10.1136/bmjdrc-2020-002035
http://dx.doi.org/10.1016/S2215-0366(20)30168-1
http://dx.doi.org/10.1016/j.dsx.2020.05.044
http://dx.doi.org/10.1016/j.tim.2020.08.003
http://dx.doi.org/10.1007/s13300-021-01105-y
http://dx.doi.org/10.1186/s13098-021-00705-9
http://dx.doi.org/10.1007/s12020-021-02739-5
http://dx.doi.org/10.1007/s00592-020-01637-y
http://dx.doi.org/10.1007/s00592-020-01637-y
http://dx.doi.org/10.1016/j.dsx.2020.08.012
http://dx.doi.org/10.1016/j.dsx.2020.09.005
http://dx.doi.org/10.1016/j.dsx.2020.09.005
http://dx.doi.org/10.1016/j.pcd.2021.06.007
http://dx.doi.org/10.1016/j.pcd.2021.06.007
http://dx.doi.org/10.1016/j.dsx.2020.10.007
http://dx.doi.org/10.1111/dom.14380
http://dx.doi.org/10.3390/ijerph19031095
http://dx.doi.org/10.3390/ijerph19031095
http://dx.doi.org/10.1007/s00592-021-01754-2
http://dx.doi.org/10.1016/j.jdiacomp.2020.107756
http://dx.doi.org/10.1007/s13410-020-00880-x
http://dx.doi.org/10.1007/s13410-020-00880-x
http://dx.doi.org/10.1016/j.dsx.2020.03.014
http://dx.doi.org/10.1016/j.dsx.2020.10.005
http://dx.doi.org/10.3390/nu12123774
http://bmjopen.bmj.com/

	Retrospective study on the impact of COVID-­19 lockdown on patients with type 2 diabetes in Northern Jordan
	Abstract
	Introduction﻿﻿
	Materials and methods
	Data source
	Patient and public involvement
	Data analysis

	Results
	Discussion
	Limitations

	Conclusions
	References


