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Background: The complete lockdown caused by the COVID-19 pandemic had imposed a new behavior
and lifestyle especially in terms of diet, physical activity, and the management of patients with chronic
diseases.

Aim: The present study aimed to analyze the impact of lockdown on the monitoring and care of type 2
diabetes mellitus (T2DM) patients in a Moroccan population from the Doukkala region.

Subjects and methods: We conducted a retrospective observational study including 121 T2DM patients

Iég(%gt?; recruited from the Diabetes Diagnosis and Treatment Center of El Jadida city. Demographic, anthropo-
SARS-CoV-2 metric, and biochemical data of our T2DM patients were recorded before and after lockdown that lasted
Lockdown 82 days. All patients have signed an informed consent after being informed about the purely scientific
Type 2 diabetes mellitus aims of the study.

Impact Results: Our sample involved 84 women and 37 men with an age average of 57.31 + 0.91 years. The effects
Complications of lockdown were more marked in women than in men: women showed a significant tendency to gain
Morocco

weight (from 78.13 + 1.36 kg to 81.80 + 1.45 kg; p-value < 0.000), that impacted the body mass index
(p-value < 0.000); they also showed significant increases in HbA1c values (p-value = 0.001), significant
decrease in systolic blood pressure (p-value =0.0302) and a surprising increase in high-density lipoprotein
cholesterol (p-value = 0.0132). The prevalence of metabolic syndrome in the women sample increased
from 46.4% to 54.8% after the lockdown. In men, the negative effect of lockdown was observed only in
HbAT1c that values increased significantly from 8.66 & 0.21% to 9.51 & 0.25% (p-value = 0.0127).
Conclusion: Our results reveal that lockdown had impacted negatively the health status of T2DM patients,
especially women. We suggest an urgent development of programs aiming to improve the hygiene of life
and to reduce the impact of future crises on patients suffering chronic diseases such as T2DM.

© 2021 Published by Elsevier Ltd on behalf of Primary Care Diabetes Europe.

1. Introduction (especially the most affected ones) was the complete lockdown

nationwide.

The novel coronavirus (SARS-CoV-2) disease known as COVID-
19 has arisen and spread very quickly around all the world,
becoming pandemic [1]. Currently, it has led to more than 100
million cases of infection and more than 2 million deaths by the
20th February 2021. Towards the beginning of the pandemic, one
of the measures adopted by the governments of different countries
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Since the detection of the first case of COVID-19, on the begin-
ning of March 2020 [3], Morocco gradually puts in place a set of
measures to counterattack its rapid spread. Nevertheless, during
this period, around 480,948 cumulated cases of COVID-19 have
been confirmed in Morocco, causing 8548 deaths [2].

In this way, by the 20t of March 2020, the Moroccan govern-
ment decreed a full lockdown nationwide as a response to the state
of health emergency [4]. It included a set of strict measures that
have restricted the free movement of people (except those who
present an authorization), requested the closure of public places,
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shortened the opening hours of shops, and reduced the maximum
capacity of public transports [5].

This lockdown imposed brutal changes in the lifestyle and the
behaviors of the populations, especially in terms of physical activity
and diet, that are known to play an important role in the man-
agement of chronic diseases (like obesity, type 2 diabetes mellitus
(T2DM), and coronary complications) [6,7]. Otherwise, the lock-
down may have also impacted the monitoring of these chronic
diseases by making difficult the medication access (eg. Insulin)
and blood glucose tests, especially for people living in rural areas.
Moreover, the lockdown might be an important source of anxiety
and stress especially for patients with T2DM and coronary com-
plications, since they have been considered as a high-risk group
according to the scientific community and health authorities [5,8].

A systematic review showed that the national prevalence of
T2DM in Morocco was 12.4% in 2016 [9]. Some regional studies in
Morocco reported a prevalence of 13.5% in the general population
of two cities in central Morocco (El Jadida and Khemisset) [10] and
19% among women in Meknes city [11]. In terms of management
quality of this chronic disease in Moroccan patients, more than half
fail to achieve the recommended care goals [12].

Despite the high prevalence of T2DM in Morocco, data on the
lockdown effects are still lacking, while in other countries, studies
underlined that the discontinuation of surveillance during the lock-
down period has negatively affected patients with T2DM [13-17].

In this context, we carried out, for the first time in Morocco, a
retrospective observational epidemiological study using anthropo-
metric and biochemical data from T2DM patients, with the goal to
analyze the impact of the COVID-19 pandemic’s lockdown on the
monitoring and care of T2DM patients in the Doukkala region.

2. Subjects and methods
2.1. Subjects

Atotal of 129 T2DM patients have initially met the eligibility cri-
teria. Among them, 8 (6.2%) were excluded due to missing data. The
final sample consisted of 121 patients (84 women and 37 men) aged
between 36 and 85 years, all originate from the Doukkala region,
Morocco (Fig. 1) and whose T2DM evolution is followed for at least
one year. This sample was obtained from an institutional center of
Diabetes Diagnosis and Treatment of El Jadida city, affiliated to the
Moroccan Ministry of Health.

2.2. Ethical considerations

Our study was approved by the Moroccan Ministry of Health (Ref
N°: 910 DELM/24) and all procedures followed the Helsinki decla-
ration. The participants have provided a written informed consent
after being informed about the purely scientific objectives and the
interest of the study.

2.3. The study protocol

In this retrospective observational study, biochemical, socio-
demographic, and anthropometric data were collected from each
patient before lockdown (between the 15t November 2019 and
19t March 2020) and after lockdown (between 6 July 2020 and
29th December 2020) through their medical record and a well-
established questionnaire.

Anthropometric measures were taken using the same protocol
for all patients: subjects were weighed, without shoes and other
items that could potentially add extra weight, and height was mea-
sured as the nearest centimeter while standing up using a wall
stadiometer. Body mass index (BMI) was estimated using the stan-
dard formula. Stress caused by the family, job, grieving, and public
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road accident was noted by direct questions to the patients. Physical
activity was assessed according to the guidelines of the minimum
necessary activity [18,19]. Thus, patients practicing less than 30 min
of moderate activity per day were considered physically inactive.
Biochemical parameters including fasting plasma glucose (FPG)
[20], hemoglobin-Alc (HbA1c) [21], total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), triglycerides (TG) were
assayed by the enzymatic spectrophotometric method [22]. Low-
density lipoprotein cholesterol (LDL-C) values, were estimated
using Friedewald’s formula (for those with triglycerides below 4.5
g/L). Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured as recommended by the American Heart
Association [23], using a standard mercury sphygmomanometer,
after a rest period of at least 10 min. The threshold values for SBP
and DBP were respectively 130 mmHg and 85 mmHg. Patients
undergoing treatment were independently considered hyperten-
sive. Finally, metabolic syndrome (MetS) was diagnosed according
to the criteria of the International Diabetes Federation (IDF) [24].

2.4. Statistical analyzes

For continuous variables, anthropometric and biochemical data
were summarized with descriptive statistics (mean value 4 stan-
dard deviation) and compared both before and after the lockdown
using a paired Student’s t-test. For categorical variables, data were
presented as valid frequencies. All statistical analyzes were done
using the SPSS package (IBM SPSS Statistics for Windows, version
25) [25]. The ggplot2 package [26] was used to produce the bar
charts of weight, BMI, SBP, HbA1c, and HDL-C in R [27]. The signif-
icance level was set at 5 % for all statistical analyzes.

3. Results

The present study focused on 121 T2DM patients with an age
average of 57.31 £ 0.91 years, including 84 women (69.4%) and 37
men (30.6%), and all living in the Doukkala region, Morocco. The
socio-economic and environmental characteristics of the studied
sample are summarized in Table 1. The age of diabetes in our sample
is comprised between one and thirty five years with an average of
9.97 + 0.67 years. Most of them live in urban areas (63.6%) and
are illiterate (57 %). About half (48.8%) can be considered sedentary
because of their physical inactivity. Around 81% of our sample was
affected by stress during the lockdown period.

The anthropometric and biochemical parameters are repre-
sented in Table 2. Concerning anthropometric parameters, the most
striking observation was the discrepancy in results according to
gender. In fact, after the lockdown, women showed a highly sta-
tistically significant increment in weight (p-value < 0.000), going
from 78.13 + 1.36 kg to 81.80 + 1.45 kg. This last has also acted
significantly on the BMI in women (p-value < 0.000) which went
from 30.25 + 0.54 kg/m? before to 31.64 + 0.57 kg/m? after the
lockdown (Fig. 2).

In terms of SBP (Fig. 2), we observed a significant reduction in
women after the lockdown (p-value = 0.0302) but the value is still
higher than the threshold value.

Among the biochemical parameters evaluated, only HbAlc and
HDL-C showed significant variation after the lockdown (Table 2).
HbA1cvalues have increased significantly from 8.66 +0.21%t09.51
+ 0.25% (p-value = 0.001) in women and from 8.69 + 0.28% to 9.50
+ 0.40% (p-value = 0.0127) in men (Fig. 2) which may indicate a
morbid consequence.

About HDL-C (considered as good cholesterol), an increase was
observed in both sexes (Fig. 2), but the variation was only significant
in women (p-value = 0.0132).

For MetS (Table 3), a noticeable increment in its prevalence
was observed only in women after lockdown. Indeed, the percent-
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Fig. 1. Map of the Doukkala region and its chief town El Jadida city (Morocco).

Table 1
Socio-demographic and environmental parameters by gender of the studied sample.
Total (n=121) Women (n = 84) Men (n =37)
Age, years (mean =+ SD) 57.31 £ 091 56.44 +1.10 59.30 + 1.60
Age of T2DM (mean =+ SD) 9.97 +£0.67 9.52+0.73 1097 £ 1.36
Residence, n (%)
Rural 44 (36.4) 29 (34.5) 15 (40.5)
Urban 77 (63.6) 55 (65.5) 22 (59.5)
Educational level, n (%)
lliterate 69 (57.0) 59 (70.2) 10(27.0)
Primary 25(20.7) 14 (16.7) 11(29.7)
Secondary 13(10.7) 7(8.3) 6(16.2)
Superior 14 (11.5) 4(4.8) 10(27.0)
Physical activity, min/day (mean + SD)* 26.56 + 2.42 23.63 +£2.97 33.21+£3.99
Physical activity (<30 min/day)", n (%)
No 59 (48.8) 47 (56.0) 12 (32.4)
Yes 62(51.2) 37 (44.0) 25(67.6)
Stress”, n (%) 98 (81.0) 67 (79.76) 31(83.78)
Family 56 (57.1) 42 (62.7) 14 (45.2)
Job 19(19.4) 12(17.9) 7(22.6)
Grieving 7(7.1) 3(4.5) 4(12.9)
Multistress® 16 (16.3) 10(14.9) 6(19.4)

T2DM: type 2 diabetes mellitus; SD: standard deviation.
A Data obtained after lockdown.
B Family, job, grieving, and public road accident.

age went from 46.43% before to 54.76% after lockdown and could
be linked to the increment of BMI (mandatory criterion of MetS
according to the IDF definition).

To verify and evaluate the profile of MetS on our T2DM patients,
we established all the possible combinations of risk factors. Table 3
illustrates that the association of T2DM and “BMI > 30 kg/m? + SBP
> 130 or DBP > 85 mmHg or specific treatment” is the most fre-
quent one particularly in women (82.1% before versus 89.1% after
lockdown).

4. Discussion

The present work aimed to examine the effects of the national
lockdown due to the COVID-19 pandemic on the state of health
of Moroccan patients with T2DM. To our knowledge, this is the

first Moroccan study that addresses this important topic. Globally,
our results indicate that the lockdown had negatively impacted
the health status of our T2DM patients, especially women. Indeed,
significant deteriorations in both anthropometric and biochemical
parameters have been observed after the lockdown. In congruence
with previous studies, our patients have shown a tendency to gain
weight and to increase their BMI after the lockdown [13,16,28,29].
However, only women showed a statistically significant increment
in weight, which is known to be influenced by diet behaviors and
physical activity [30]. During the lockdown, these factors were dis-
turbed by a poor diet control and high limitation of physical activity.
According to our data, the observed differences in weight gain
between men and women could be explained by gender differences
in familial stress and physical activity (Table 1). In this way, previ-
ous studies highlighted the gender differences in eating behavior in

774



H.Farhaneetal.

Primary Care Diabetes 15 (2021) 772-777

Table 2
Anthropometric and biochemical parameters of patients before and after a lockdown in women and men.
Women (n = 84) Men (n =37)
Before After Before After

Parameters Mean + SD Mean + SD p-Value Mean + SD Mean + SD p-Value

Weight (kg) 78.13 +£1.36 81.80 +1.45 0.0000 *** 79.00 + 2.29 80.24 + 2.04 0.2401 NS
BMI (kg/m?) 30.25 + 0.54 31.64 +£0.57 0.0000 “** 25.73 +0.83 26.18 + 0.76 0.1986 NS
SBP (mmHg) 137.06 + 2.06 132.88 +1.79 0.0302* 136.41 + 2.77 133.00 + 2.96 0.1852 NS
DBP (mmHg) 78.87 +1.13 78.55 + 1.06 0.7802 NS 79.35 + 1.46 77.46 +1.65 0.2602 NS
FPG (g/L) 1.84 +£0.07 1.91 £0.08 0.4458 NS 1.98 £0.17 1.99 +£0.14 0.9413 NS
HbA1c (%) 8.66 +0.21 9.51+0.25 0.0010"* 8.69 +0.28 9.50 + 0.40 0.0127 *

TC (g/L) 1.88 £0.05 1.87 £0.04 0.8131 NS 1.78 +0.08 1.78 £ 0.07 0.8875 NS
LDL-C (g/L) 1.17 £ 0.05 1.10 £ 0.04 0.1978 NS 0.97 + 0.05 1.02 £ 0.05 0.3890 NS
HDL-C (g/L) 0.46 + 0.01 0.50 + 0.02 0.0132* 0.44 + 0.02 0.47 +0.02 0.0543 NS
TG (g/L) 1.50 £0.11 1.45 +£0.11 0.3790 NS 1.26 + 0.09 1.32+0.13 0.3540 NS
Uric acid (mg/L) 4414 +£1.78 44.53 £1.77 0.6529 NS 4499 £2.71 47.35 +£2.59 0.3233 N
ALT (U/1) 2151 £ 1.15 20.31 £0.91 0.3049 NS 21.84 +1.56 21.51 +1.40 0.7661 NS
AST (U/l) 2113 £1.13 20.85 +£0.97 0.7853 NS 21.81+1.56 21.97 £ 1.77 0.8407 NS
Creatinine (mg/L) 837 +0.26 8.52+0.30 0.4194 NS 9.74 + 0.40 9.96 + 0.40 0.5060 NS
Urea (g/L) 0.31 +0.02 0.32+0.01 0.5042 NS 0.37 +0.02 0.36 +0.02 0.7474 NS

SD: standard deviation; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; HbAlc: hemoglobin Alc; TC:
Total cholesterol LDL-C: low-density lipoprotein-cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein-cholesterol; ALT: alanine transaminase; AST: aspartate
transaminase; N: not significant.

" Significant.
" Highly significant.
™" Very highly significant.
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Fig. 2. Graphical representations of anthropometric and biochemical parameters before and after a lockdown in T2DM patients (women (a) and men (b)).

Table 3
The metabolic syndrome (MetS) as a complication of T2DM patients.
Women Men
Before (n =39) After (n = 46) Before (n =4) After (n=5)
Metabolic syndrome n (%) 39 (46.43) 46 (54.76) 4(10.81) 5(13.51)
Factor! + factor?, n (%) 32(82.1) 41(89.1) 4(100) 5 (100)
Factor! + factor3, n (%) 25(64.1) 25(54.3) 2 (50) 2 (40)
Factor! + factor?, n (%) 18 (46.2) 19 (41.3) 1(25) 2 (40)
Factor! + factor? + factor?, n (%) 22 (56.4) 25 (54.3) 2 (50) 2 (40)
Factor! + factor? + factor?, n (%) 16 (41.0) 19 (41.3) 1(25) 2 (40)
Factor! + factor? + factor® + factor4, n (%) 15(38.5) 18(39.1) 1(25) 1(20)

Factor!: BMI > 30 kg/m?, factor?: SBP > 130 or DBP > 85 mmHg or specific treatment, factor?: HDL-C < 0.4 g/L (men) and <0.5 g/L (women) or specific treatment, factor*: TG >
1.7 g/L or specific treatment. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride; HDL-C: high-density lipoprotein-cholesterol.

response to stress, anxiety, and reduced physical activity [29,31,32].
Forexample, it has been shown that, in Spanish patients with T2DM,
women have increased their snack consumption, and sugary food
during the lockdown period [33]. Concerning physical activity, our
results reflect that men were likely more active than women. The

benefits of physical activity are not to be demonstrated, in addition
to their importance against stress, and obesity, they have innumer-
able positive effects on health by increasing endurance, resistance,
immunity boost, ..., and reducing the risk of cardiovascular dis-
eases, T2DM, and other complications [33].
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The SBP has shown a little betterment in our T2DM patients
after the lockdown, even if these values remain higher than the
thresholds indicated by IDF [24]. However, this variation was sta-
tistically significant in women while being non-significant in men.
This improvement is most likely linked to the observed increases
in HDL-C levels after the lockdown, as these ones contribute to the
amelioration of lipid transport and normal blood pressure [34]. The
increment of HDL-Cin T2DM patients during the lockdown was also
observed in other previous studies [28,33].

Concerning HbA1c, our findings highlight a significant incre-
ment in both sexes after the lockdown period, in congruence with
previous studies [13,16,31,35]. This increment can be associated
with both the duration of the lockdown, weight gain, and the dete-
rioration in glycemic control [31,34,36,37]. This last result was
observed alsoin T1DM patients in India after lockdown [37]. In con-
trast, the lockdown has improved the glycemic control in European
patients with TIDM [38,39] and the authors suggested that having
more time for self-management may help patients to improve their
glycemic control.

For metabolic syndrome, only women showed an increased
prevalence after the confinement. The incidence increased by about
8.33 %, which could increase the risk of micro-and macro-vascular
complications and other comorbidities [40].

In summary, our results reveal that the 82 days of lockdown
had impacted negatively the health status of T2DM patients in the
Doukkala region — especially women. Some parameters as weight
and HbA1c values have significantly increased, and a trend towards
complications such as MetS was observed. These negative conse-
quences could be attributed to the change in lifestyle, restrictions
on medical monitoring, and non compliance with instructions. It
seems urgent to develop awareness policies on the importance of
a healthy diet, physical activity as well as the regular monitor-
ing of the basic biochemical parameters (Glycaemia, HbAc1, and
HDL-C...) that can constitute a major factor in improving the qual-
ity of life in the Moroccan population, especially those suffering
chronic diseases. In the same way, emotional/mental support and
telemedicine in times of crisis (such as lockdown period) can also
be recommended to better deal with stress, and to ensure follow-up
of the patients in remote areas.
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