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Introduction: Previous research has indicated that the COVID-19 outbreak
had a negative impact on the diagnosis and management of cardiometabolic
diseases. Our aim was to analyze the impact of the COVID-19 pandemic on the
management of dyslipidemia and type 2 diabetes (T2D) in the Aragon region of
Spain.

Methods: We conducted an observational retrospective study, which included
data from all patients diagnosed with active T2D or dyslipidemia in Aragon during
2019-2021. Data was collected from the BIGAN platform, a big database that
includes all healthcare data from the Aragon population. Clinical, biochemical,
and pharmacological prescription information was obtained for each patient and
for each year.

Results: Out of the total population of 1,330,000 in the Aragon region, 90,000
subjects were diagnosed with T2D each year, resulting in a prevalence of
approximately 7%. The COVID-19 pandemic resulted in a decrease in the
prevalence of this disease and a lower incidence during the year 2020. In addition,
patients with T2D experienced a deterioration of their glucose profile, which led
to an increase in the number of patients requiring pharmacological therapy. The
prevalence of dyslipidemia was approximately 23.5% in both 2019 and 2020 and
increased to 24.5% in 2021. Despite the worsening of the anthropometric profile,
the lipid profile improved significantly throughout 2020 and 2021 compared to
2019. Moreover, the number of active pharmacological prescriptions increased
significantly in 2021.

Discussion: Our findings suggest that the overload of the health system caused
by the COVID-19 pandemic has resulted in an underdiagnosis of T2D. Moreover,
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patients with T2D experienced a worsening of their glycemic profile, an increase
in their pharmacological requirements, and lower performance of their analytical
determinations. Dyslipidemic subjects improved their lipid profile although the
value of lipid profile determination decreased between 2020 and 2021.

type 2 diabetes, dyslipidemia, COVID-19 pandemic, health system overload, chronic

disease

1. Introduction

Since its first recognition in Wuhan, China, in December 2019,
the COVID-19 pandemic caused by the new severe acute respiratory
(SARS-CoV2) has
worldwide. The first reported case outside China occurred in Thailand

syndrome-Coronavirus-2 rapidly spread
in January 2020. Due to the continuous increase in cases, a complete
lockdown in Wuhan was declared in January 2020 (1-3). Currently,
the pandemic has spread to more than 200 countries, causing 464
million cases and approximately 6 million deaths worldwide (4). Spain
is one of the European countries that has been most affected. From the
moment the pandemic was declared in August of 2022, Spain had a
prevalence of 13.3 million cases, of which 111,000 have died (mortality
<1%) (5). Specifically, in Aragon, there were 410,000 confirmed cases
and 4,649 deaths, representing 1.15% (6).

In the absence of effective treatments or vaccines, measures
such as social distancing and lockdowns of large sections of
society have been implemented to slow the spread of the viral
infection. In Spain, a nationwide lockdown was imposed in 2020
between March 9th and June 21st. This period caused people to
limit their daily routine activities, resulting in changes in eating
habits, decreased physical activity, increased weight gain, and
difficulty in access to medications (7-9). In addition, health
system overload meant that routine controls were no longer
performed on individuals with chronic diseases such as type 2
diabetes (T2D) and dyslipidemia. Several studies have reported
different results regarding the effect of the lockdown on T2D
patients. For example, Falcetta et al. concluded that the lockdown
did not exert a negative effect on glycemic control in patients
with T2D in Italy (10). In another study, Karatas et al.
demonstrated that prolonged lockdown due to the COVID-19
pandemic worsened glucose regulation and increased triglyceride
levels in patients with T2D, independent of weight gain (11).
Remarkably, this study analyzed the effect of a specific period of
lockdown in populations with T2D but not in the mid-term.
Regarding dyslipidemia, one study analyzed the effect of
COVID-19 on lipid and anthropometric profiles in children with
pre-existing dyslipidemia (12). However, there are few studies
that analyzed the effect of COVID-19 on a huge older population
with previous chronic diseases such as diabetes or dyslipidemia.
Therefore, our study aimed to analyze the effects of the
COVID-19 pandemic on patients with T2D and/or dyslipidemia
in a Spanish region, evaluating the clinical, biochemical, and
pharmacological variation of these individuals over the period
from 2019 to 2021.
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2. Materials and methods

2.1. Study design

We conducted a retrospective observational study including all
subjects with an active diagnosis of T2D and/or dyslipidemia during
the years 2019-2021 from Aragon. The Spanish public health system
distributes the population into different health districts, with
approximately 20,000-30,000 patients per district. They share a single
primary care center, a single laboratory with computerized data, and a
central drug registry. All these data have recently been combined,
allowing clinical, biochemical, and pharmacological data to be obtained
from all patients with a health card in the community of Aragon, which
has a population of approximately 1,330,000 inhabitants.

This information was obtained from the BIGAN platform, in
which demographics, clinical, and analytical values were requested
from all users with an Aragon health card from their primary care
provider during their annual follow-up visits. BIGAN is the Big Data
project of the Department of Health of the Government of Aragon,
created to improve health care using the data that is routinely collected
within the Aragon public system. BIGAN is a technological
infrastructure owned by the Government of Aragon, managed by the
Aragon Institute of Health Sciences, and financed by the Department
of Health and the Aragon Health Service, in which information from
health information systems is obtained. This platform allows for
obtaining clinical, biochemical, and pharmacological data in a
pseudonymous manner from all the data collected by the Department
of Health and the Aragon Health Service (13). The study protocol was
approved by the Clinical Research Ethics Committee of Aragon
(P1002/22).

We included data from all patients with an active diagnosis of T2D
and/or dyslipidemia from the BIGAN platform, who were attending
the public health primary care centers in Aragon during the years
2019-2021. Diabetes diagnosis is indicated with the code T90, while
dyslipidemia is indicated with the T93 code. We recruited all patients
with T90 and or T93 diagnosis codes indicated for each year
2019-2021.

2.2. Participants

Patients with T2D were defined according to the standards of the
American Diabetes Association (ADA) (12) as those individuals who
met any of the following criteria: a fasting blood glucose level greater
than 126 mg/dL measured at two separate times or a glycosylated
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hemoglobin (HbAlc)>6.5%. We defined patients with poorly
controlled diabetes as those whose HbA1c levels were greater than 8%,
and those who did not meet the therapeutic goals were defined by an
HbAlc level higher than 7%. We obtained analytical variables
(including glucose and HbA1clevels), anthropometric variables [body
weight, sex, and body mass index (BMI)], and active T2D drugs for
each subject. We defined active T2D drugs such as hypoglycemic
medication that was prescribed for each T2D patient with a previous
start date and completion date after each year studied (2019, 2020,
and 2021).

Patients with dyslipidemia were defined according to the Spanish
Cardiology Society and Spanish Atherosclerosis Society criteria (13).
The clinical guideline defined them as patients who meet the following
criteria: (1) subjects with low-density lipoprotein (LDL) cholesterol
>116 mg/dL and no cardiovascular risk factors; (2) subjects with T2D
with less than ten years of evolution and LDL cholesterol >100 mg/dL;
(3) subjects with LDL cholesterol >70mg/dL with a high risk of
cardiovascular disease or long-standing T2D or renal disease or
hypertension; (4) individuals with LDL cholesterol >50mg/dL in
secondary prevention or with T2D with target organ damage or severe
chronic kidney disease. For those subjects diagnosed with
dyslipidemia, we obtained analytical variables (total cholesterol,
triglycerides, high-density lipoprotein (HDL) cholesterol, and LDL
cholesterol), anthropometric parameters (body weight, sex, and BMI),
and active lipid-lowering drugs for each patient. Body weight should
be determined following the protocol at each face-to-face visit by the
primary care professional. In addition, patients with diabetes and or
dyslipidemia must attend a face-to-face visit at least every year.
We defined patients with poorly controlled dyslipidemia as those with
LDL cholesterol levels greater than the 95th percentile adjusted by age
and sex for the Spanish population (14).

2.3. Laboratory measurements

Blood samples were collected by venipuncture after overnight
fasting. Blood glucose concentration was measured with the glucose-
oxidase method. HbA1c levels were determined via high-performance
liquid chromatography. Triglycerides, total cholesterol, and
HDL-cholesterol levels were measured by spectrophotometry
(AU5800 Beckman Coulter Inc.). LDL cholesterol levels were

calculated using the Friedewald formula.

2.4. Medication registry

Both hypoglycemic and lipid-lowering drugs prescribed by the
public health system services were recorded by the Aragon Health
Service electronic system using an ATC code system. The lipid-
lowering drugs included simvastatin, lovastatin, pravastatin,
fluvastatin, atorvastatin, rosuvastatin, pitavastatin, and ezetimibe, as
well as the combinations of simvastatin with ezetimibe, atorvastatin
with ezetimibe, and rosuvastatin with ezetimibe. Hypoglycemic drugs
included monotherapy pharmacology, such as biguanide,
sulfonylureas, dipeptidyl peptidase-4 inhibitors (IDPP-4), sodium-
glucose cotransporter type 2 inhibitors (ISGLT-2), glucagon-like
peptide 1 (GLP-1) agonists, glucosidase inhibitors, meglitinide, and
thiazolidinedione, as well as dual therapy, such as biguanide and

Frontiers in Medicine

10.3389/fmed.2023.1191026

ISGLT-2, IDPP-4, and ISGLT-2, thiazolidinedione and IDPP-4,
biguanide and IDPP-4, biguanide and thiazolidinedione, and different
analogous of insulin.

2.5. Statical analysis

Continuous variables were expressed as mean+SD or median
(25th percentile to 75th percentile), and categorical (nominal)
variables were reported as percentages of the total sample. Differences
between independent variables were calculated by the T-Student or
the Mann-Whitney U test, as appropriate, while categorical variables
were compared using the Chi-squared test. Differences between more
than two independent variables were calculated using ANOVA or the
Kruskal-Wallis test. All statistical analyses were performed using R
version 3.5.0 (15), and the significance level was set at p <0.05.

3. Results
3.1. Diabetic population

In 2019, the population of Aragon had 91,120 individuals with an
active diagnosis of T2D, resulting in a prevalence of 6.85%; whereas,
in 2020, this decreased to 90,344 subjects, with a prevalence of 6.79%.
However, in 2021, there was an increase of 1,447 patients with T2D,
reaching a prevalence of 6.99% (p <0.001). Throughout 2020, 4,049
new patients with T2D were diagnosed, with an incidence of 3.26 new
cases per 100,000 inhabitants. The incidence increased significantly in
2021, when 5,998 new cases were diagnosed, increasing the incidence
to 4.91 cases per 100,000 inhabitants (p <0.001).

In 2019, 6269 patients (6.78%) with T2D did not have their
glucose level measured, and this percentage increased significantly to
8.10 and 8.76% in 2020 and 2021, respectively (p <0.001). Regarding
HblAc, in 2019, 10,609 subjects (11.64%) did not have any Hb1Ac
levels determined, and this percentage increased significantly to 13.74
and 14.48% in 2020 and 2021, respectively (p <0.001).

Patients with T2D were mostly men with a median age below
70years. They were markedly overweight, with mean glucose
concentrations greater than 130 mg/dL and HbA ¢ higher than 6.7%.
More than 10% of the diabetic population had not been prescribed any
hypoglycemic medication, whereas 45% had been prescribed
monotherapy, 20% were under combined therapies, and 25% were
under an analog of insulin treatment (Table 1). In addition, the
average age of T2D in men was 67 years, significantly lower than that
in women, who have an average age of more than 71 years (p<0.001,
Supplementary Figure S1A). In addition, it is interesting to highlight
that only 50636 T2D patients (55.5%) had determined their BMI in
2019 although this percentage rose to 66.9% in the years 2020 and
2021, with 60485 and 61478 T2D patients who had their BMI value
determined in those years, respectively.

Among the patients diagnosed with T2D, 81,933 individuals
remained with the disease throughout the analyzed years. These
patients were, in 2019, significantly younger, with higher body
weight and BMI and higher glucose levels than the total T2D
population that had only been actively diagnosed in 2019
(p<0.001, p<0.001, p=0.023, and p<0.001, respectively,
Supplementary Table S1).
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TABLE 1 Clinical, biochemical, and hypoglycemic medications of all subjects with type 2 diabetes in Aragon.!

2019 (N=91,120)

2020 (N=90,344)

2021 (N=91,791)

Age, years 69.3+14.2 69.3+14.3 69.3+14.3
Men, 1 (%) 50,900 (55.8) 50,625 (56.0) 51,475 (56.1)
Body weight, kg 79.1£16.22 79.1+16.2 79.2+16.6

BMI, kg/m? 29.4 (26.3-32.9) 29.4 (26.4-32.9) 29.4 (26.3-32.9)

Glucose, mg/dL 131 (111-156) 131 (111-158) 131 (112-157)

HblAc, % 6.70 (6.18-7.51) 6.70 (6.15-7.50) 6.73 (6.18-7.52)
Without medication 9,792 (10.7) 9,670 (10.7) 90,326 (10.2)
Insulin 22,726 (24.9) 22,619 (25) 22,761 (24.8)
Biguanide 32,770 (35.9) 31,011 (34.3) 31,025 (33.8)
Sulfonylureas 3,400 (3.73) 2,949 (3.26) 2,555 (2.78)
IDPP 4 4,628 (5.07) 4,932 (5.46) 5,239 (5.71)
ISGLT 2 637 (0.69) 859 (0.95) 1,256 (1.37)
GLP1 agonist 233 (0.25) 317 (0.35) 505 (0.55)

T2D drugs therapy, n

%) Glucosidase Inhibitor 97 (0.11) 72 (0.08) 58 (0.06)
Meglitinide 656 (0.71) 592 (0.65) 495 (0.54)
Thiazolidinedione 135 (0.14) 131 (0.14) 129 (0.14)
Biguanide and ISGLT 2 2,460 (3.69) 3,525 (3.90) 4,926 (5.4)
IDPP4 and ISGLT2 13 (0.01) 18 (0.01) 27 (0.03)
Thiazolidinedione and IDPP4 71 (0.07) 96 (0.11) 125 (0.14)
Biguanide and IDPP4 13,272 (14.6) 13,343 (14.7) 13,168 (14.3)
Biguanide and thiazolidinedione 230 (0.25) 210 (0.23) 196 (0.21)

'Quantitative variables are expressed as means + standard deviations, except for variables not following normal distribution that are expressed as medians (interquartile ranges). Qualitative

variables are expressed as percentages. BMI: Body Mass Index; T2D: Type 2 Diabetes; Hb1Ac: Hemoglobin Alc; IDPP 4: Dipeptidyl Peptidase-4 inhibitors; ISGLT 2: Sodium-glucose

Cotransporter-2 inhibitors and GLP1: Glucagon-like peptide-1.

All patients with an active T2D diagnosis experienced a significant
decrease in body weight as well as BMI, but their glucose and Hb1Ac
levels modestly but significantly increased (p<0.001 in all cases,
Table 2). Regarding medication, there was a significant decrease in
patients with T2D who were able to control the disease through
exercise and diet. In addition, the number of patients with T2D who
received monotherapy decreased from 47.4% in 2019 to 43.2% in
2021, especially with a reduction in the prescription of biguanide and
sulfonylureas. In contrast, the prescription of dual therapy, particularly
the prescription of biguanide and ISGLT2 and thiazolidinedione and
IDPP-4, significantly increased (p <0.001 for all cases). The number of
poorly controlled patients did not vary throughout the years analyzed
(p=0.183). However, the number of subjects with T2D who did not
meet therapeutic goals varied significantly throughout the years 2019
(38.7%), 2020 (38.2%), and 2021 (39.3%) (p<0.001, Figure 1).

3.2. Dyslipidemic population

In 2019, the population with dyslipidemia comprised 310,796
patients, with a prevalence of 23.5%. In 2020, patients with
dyslipidemia increased to 314,155 subjects, with a prevalence of
23.6%, while in 2021, subjects with dyslipidemia increased to 324,639
reaching a prevalence of 24.5% (p<0.001). In 2020, 11,189 new
patients with dyslipidemia were diagnosed, with an incidence of 11.03
new cases per 100,000 inhabitants. In 2021, the incidence increased

Frontiers in Medicine

significantly to 18.3 cases per 100,000 inhabitants (p <0.001) when
18,320 new cases were confirmed.

In 2019, 51,479 subjects with dyslipidemia (16.6%) did not have
their total cholesterol levels measured, and this percentage significantly
increased to 20.1 and 21.3% in 2020 and 2021, respectively (p <0.001).
Regarding HDL-cholesterol, 59,153 subjects (19.0%) did not have
their levels measured in 2019, and this percentage significantly
increased to 23.1 and 22.5% in 2020 and 2021, respectively (p <0.001).
Regarding triglycerides, 55,706 subjects (17.9%) did not have their
levels measured in 2019, and this percentage significantly increased to
21.6 and 22.8% in 2020 and 2021, respectively (p<0.001). Finally,
LDL-cholesterol levels were not measured in 82,735 subjects (26.6%)
in 2019, and this percentage increased significantly to 32.0 and 37.2%
in 2020 and 2021, respectively (p <0.001).

The population with dyslipidemia was predominantly women,
with a median age of 63 years and marked overweight although with
a lower BMI than the T2D population. In addition, these populations
have determined their BMI values at 224,336 (72.2%), 257,220
(81.9%), and 264,059 (81.3%) dyslipidemic subjects in the years 2019,
2020, and 2021, respectively. Their total cholesterol levels were slightly
above 200 mg/dL, LDL-cholesterol levels were greater than 123 mg/dL,
HDL-cholesterol levels were higher than 55mg/dL, and their mean
triglyceride levels were slightly below 140 mg/dL. Notably, more than
40% of the population had not been prescribed any lipid-lowering
medication. The most commonly used drug was atorvastatin, followed
by simvastatin and rosuvastatin, whereas the least used drugs were
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TABLE 2 Clinical, biochemical, and hypoglycemic medications of all subjects with active type 2 diabetes diagnosis from 2019 to 2021 in Aragon.*

2019 (N=81,933)

2020 (N=81,933)

2021 (N=81,933)

Age, years 68.1+14.0 69.1+14.0 70.1+14.0 NA
Body weight, kg 79.5+16.1 78.9+15.9 78.5+16.1 <0.001
BMI, kg/cm? 29.5(26.5-33.0) 29.4 (26.4-32.8) 29.2 (26.2-32.6) <0.001
Glucose, mg/dL 140 +46.0 141+46.8 141+47.7 <0.001
HblAc, % 7.00+£1.33 6.98+1.26 7.03+1.30 <0.001
Without medication 8,658 (10.6) 8,386 (10.2) 7,820 (9.54) <0.001
Insulin 19,594 (23.9) 20,404 (24.9) 21,468 (26.2) <0.001
Biguanide 30,312 (37.0) 28,071 (34.3) 26,141 (31.9) <0.001
Sulfonylureas 3,053 (3.73) 2,753 (3.36) 2,476 (3.02) <0.001
IDPP 4 3,929 (4.80) 4,426 (5.40) 4,851 (5.92) <0.001
ISGLT 2 610 (0.74) 732 (0.89) 901 (1.10) <0.001
GLP1 agonist 222(0.27) 291 (0.36) 401 (0.49) <0.001
T2D drugs therapy, Glucosidase Inhibitor 83(0.10) 65 (0.08) 55 (0.07) 0.051
n (%) Meglitinide 532 (0.65) 524 (0.64) 467 (0.57) 0.083
Thiazolidinedione 124 (0.15) 123 (0.15) 127 (0.16) 0.966
Biguanide and ISGLT 2 2,346 (2.86) 3,267 (3.99) 4,305 (5.25) <0.001
IDPP4 e ISGLT2 12 (0.01) 17 (0.02) 27(0.03) 0.044
Thiazolidinedione and IDPP4 67 (0.08) 92 (0.11) 121 (0.15) <0.001
Biguanide and IDPP4 12,175 (14.9) 12,581 (15.4) 12,582 (15.4) 0.005
Biguanide and
thiazolidinedione 216 (0.26) 201 (0.25) 191 (0.23) 0.457

'Quantitative variables are expressed as means + standard deviations, except for variables not following normal distribution that are expressed as medians (interquartile ranges). Qualitative
variables are expressed as percentages. BMI, Body Mass Index; T2D, Type 2 Diabetes; Hb1Ac, Hemoglobin Alc; IDPP 4, Dipeptidyl Peptidase-4 inhibitors; ISGLT 2, Sodium-glucose
Cotransporter-2 inhibitors; GLP1, Glucagon-like peptide-1. *The p value was calculated by ANOVA test, Friedmann test, or Chi-square, as appropriate.
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FIGURE 1
Evolution of control of T2D subjects throughout the follow-up.

lovastatin and fluvastatin. In addition, the number of poorly controlled
patients with dyslipidemia remained constant (> 3% of the population
during the analyzed years) (Table 3). Finally, the mean age of men
diagnosed with dyslipidemia was approximately 60years old,
significantly lower than that of women whose mean age of diagnosis
was greater than 65 years (p<0.001, Supplementary Figure S1B).
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Among the total population with dyslipidemia, 295,362 subjects
remained with the disease in the analyzed years. These patients were
significantly younger, with higher body weight and higher
concentrations of total cholesterol but lower levels of LDL- and
HDL-cholesterol than the total T2D population who only had active
diabetic disease in 2019 (p<0.001, p=0.016, p<0.001, p<0.001, and
p<0.001, respectively, Supplementary Table S2).

All individuals diagnosed with active dyslipidemia from 2019
to 2021 experienced a significant increase in body weight and BMI
although their lipid profile significantly improved by decreasing
their total LDL-cholesterol and triglyceride levels and increasing
their HDL-cholesterol levels (p<0.001 in all cases, Table 4).
Regarding medication, the number of subjects under lipid-
lowering treatment increased throughout the follow-up period,
mainly with combination therapy, such as atorvastatin with
ezetimibe or rosuvastatin with ezetimibe, as well as high-potency
statins (p <0.001, in all cases, Table 4). Similarly, we found a
significant decrease in the proportion of dyslipidemic subjects
with their LDL cholesterol levels above the 95th percentile from
3.33% in 2019 to 2.63% in 2021 (p <0.001, Table 4). Finally, the
percentage of subjects with extremely high levels of LDL
cholesterol who did not receive lipid-lowering drugs decreased
significantly throughout the follow-up from 47.5% in 2019 to
39.7% in 2021 (p<0.001).
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TABLE 3 Clinical, biochemical, and lipid-lowering medications of all subjects with dyslipidemia in Aragon.*

10.3389/fmed.2023.1191026

Age, years

2019 (N=310,796)

629+154

2020 (N=314,155)

63.2+15.4

2021 (N=324,639)

63.2+15.4

Men, n (%)

151,724 (48.8)

153,088 (48.7)

157.306 (48.5)

Body weight, kg

76.5+15.8

76.7+15.9

77.0+16.4

BMI, kg/cm? 28.6 (25.7-32.0) 28.8 (25.8-32.2) 28.7 (25.7-32.1)
Total cholesterol, mg/dL 206+45.4 205+46.2 206+46.5
LDL cholesterol, mg/dL 125+£39.2 123+39.7 123+39.9
HDL cholesterol, mg/dL 55.7+18.2 55.4+15.0 55.8+15.2
Triglycerides, mg/dL 139+94.4 1394937 1384945
Without medication 133,628 (43.0) 137,857 (43.8) 139,402 (43.9)
Simvastatin 64,984 (20.9) 60,299 (19.2) 58,886 (19.2)
Lovastatin 881 (0.28) 756 (0.24) 664 (0.24)
Pravastatin 5,516 (1.77) 4,884 (1.55) 4,589 (1.55)
Fluvastatin 1,697 (0.54) 1,489 (0.47) 1,310 (0.47)
Lipid-lowering drugs, n Atorvastatin 66,780 (21.5) 65,169 (20.7) 67,633 (20.7)
(%) Rosuvastatin 29,462 (9.47) 30,969 (9.86) 35,913 (9.86)
Pitavastatin 10,179 (3.27) 9,950 (3.17) 10,109 (3.17)
Ezetimibe 8,313 (2.67) 8,084 (2.57) 8,555 (2.57)
Simvastatin + Ezetimibe 3,095 (0.996) 2,805 (0.893) 2,740 (0.893)
Atorvastatin + Ezetimibe 5,853 (1.88) 6,131 (1,95) 6,898 (1.95)
Rosuvastatin + Ezetimibe 2,925 (0.94) 4,589 (1.46) 8,465 (1.46)
Subjects with LDL cholesterol above the 95th percentile
7,398 (3.27) 6,819 (3.21) 6,630 (3.28)

adjusted by age and sex, n (%)

'Quantitative variables are expressed as means + standard deviations, except for variables not following normal distribution that are expressed as medians (interquartile ranges). Qualitative
variables are expressed as percentages. BMI: Body Mass Index; LDL: low-density lipoprotein; HDL: high-density lipoprotein.

4. Discussion individuals in the total number of subjects with T2D, increasing the
prevalence of this disease from 6.79% in 2020 to 6.99% in 2021. The
This is the first study to analyze the impact of the health system  same trend could be observed in the dyslipidemic population where
overload and lifestyle habits changes caused by the COVID-19

pandemic on the management of chronic diseases, such as T2D and

the prevalence of this disease remained constant (approximately
23.5%) in 2019 and 2020 and significantly increased in 2021 to 24.5%.
dyslipidemia, in an entire region of Spain. The results clearly showa  In the same way as T2D, this change could be explained by the
situation of underdiagnosis of T2D in the year 2020. This scenario of =~ underdiagnosis that occurred during the year 2020 due to the first
wave of COVID-19, as has been seen in other pathologies (18, 21).

According to the ADA guidelines, the goal of diabetes treatment

underdiagnosis has also been seen in other pathologies, such as
cardiovascular disease (16, 17) or buccal disorders (18), among others.
In addition, in 2020 and 2021, subjects with T2D and dyslipidemia
worsened their glucose and HbAlc levels and improved their lipid

should be to maintain an Hb1AC <7% in those patients diagnosed
within the previous 10years and those with a long life expectancy. In
contrast, the therapeutic goal should be established as Hb1AC <8% in
patients with a short life expectancy, disease progression >10 years, or

profiles, respectively, when compared to 2019. These patients also
underwent fewer biochemical controls than both populations in 2020
and 2021, indicating a worse follow-up of both chronic diseases. This  associated complications (12, 20). In this study, patients with T2D
could be directly related to the saturation of the health system and ~ showed a worsening of their glucose and Hb1Ac levels. Additionally,
changes in lifestyle habits and behaviors caused by the
COVID-19 pandemic.

First, we observed that the T2D population in Aragon decreased
by 778 patients between 2019 and 2020, which reduced the prevalence
of this disease from 6.85 to 6.79%. These losses could be partially
explained as a result of the high number of deaths from COVID-19 in

2020, which accounted for 973 patients in our community from the

there was an increase in the percentage of subjects who did not meet
therapeutic goals. The investigations of the COVID-19 pandemic’s
effect on T2D management have previously revealed heterogeneous
results; some researchers have described a worsening (11, 22-24)
while others have reported an improvement (10, 25) although these
studies were limited exclusively to the period of confinement. The
worsening of the glycemic profile in the diabetic population could
beginning of the pandemic until June 30, 2020 (19), and the  be explained by a deterioration of lifestyle habits, including unhealthy
underdiagnosis produced by the overload of the health system (20).  dietary patterns and a decrease in physical activity (26). During the

However, between 2020 and 2021, there was an increase of 1,447  pandemic and especially during lockdown, a high percentage of the
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TABLE 4 Clinical, biochemical, and lipid-lowering medications of all subjects with an active dyslipidemic diagnosis from 2019 to 2021 in Aragon.!

2019 (N=295,362)

2020 (N=295,362)

2021 (N=295,362)

Age, years 62.9+15.4 63.9+15.4 64.9+15.4 NA
Body weight, kg 76.5+15.8 76.7+15.9 77 +16.4 <0.001
BMI, kg/cm? 28.6 (25.7-31.9) 28.8(25.8-32.2) 28.7 (25.7-32.1) <0.001
Total cholesterol, mg/dL 207 +£44.9 204+45.5 203+46.0 <0.001
LDL cholesterol, mg/dL 125+39.0 1224392 121£39.2 <0.001
HDL cholesterol, mg/dL 55.0+14.9 55.5+14.9 55.7+15.1 <0.001
Triglycerides, mg/dL 139+94.8 138+£92.2 137+90.0 <0.001
Active medication 167,872 (56.8) 166,953 (56.5) 171,854 (58.2) <0.001
Simvastatin 61,815 (20.9) 57,312 (19.4) 54,915 (18.6) <0.001
Lovastatin 791 (2.68) 707 (2.34) 649 (2.20) <0.001
Pravastatin 5,079 (17.2) 4,614 (15.6) 4,392 (14.9) <0.001
Fluvastatin 1,562 (5.29) 1,423 (4.82) 1,291 (4.38) <0.001
Atorvastatin 62,923 (21.3) 61,422 (20.8) 62,661 (21.2) <0.001
Lipid-lowering
Rosuvastatin 28,319 (9.59) 29,354 (9.94) 32,631 (11.0) <0.001
drugs, n (%)
Pitavastatin 9,717 (3.29) 9,495 (3.21) 9,479 (3.21) 0.148
Ezetimibe 7,959 (2.70) 7,773 (2.63) 8,146 (2.76) 0.011
Simvastatin + Ezetimibe 2,927 (1.00) 2,702 (0.91) 2,644 (0.90) <0.001
Atorvastatin + Ezetimibe 5,537 (1.87) 5,839 (1.98) 6,598 (2.23) <0.001
Rosuvastatin +
2,808 (0.95) 4,322 (1.46) 7,644 (2.59) <0.001
Ezetimibe
Subjects with LDL cholesterol above the 95th
7,167 (3.33) 5,830 (2.94) 4,756 (2.63) <0.001
percentile adjusted by age and sex, n (%)

'Quantitative variables are expressed as means + standard deviations, except for variables not following normal distribution that are expressed as medians (interquartile ranges). Qualitative
variables are expressed as percentages. BMI: Body Mass Index; LDL: low-density lipoprotein; HDL: high-density lipoprotein. *The p value was calculated by ANOVA test, Friedmann test, or

Chi-square, as appropriate.

population reduced their physical activity to a totally sedentary
lifestyle (27). However, the lower control and registration of the
dietary habits of this population is a reality previously described (20)
where only one-third of the 587 diabetics studied in 2018 had a dietary
record in 2020.

Regarding the lipid profile, it is noteworthy that the dyslipidemic
population reported a significant mean improvement in their lipid
profile, which could be explained, in part, because the determinations of
these values decreased during 2020 and 2021. In fact, a clear consequence
of the overload on the health system was the increase in the number of
patients who did not have their total and HDL-cholesterol or triglyceride
levels determined, which was approximately 16% in 2019 compared to
22% in 2021. This increase in the number of patients without
measurements of their biochemical markers could be caused by the
COVID-19 pandemic, which meant 12.7% fewer discharges in 2020 than
in 2019. In addition, the greatest decrease in the number of discharges
occurred in March, April, and May of 2020 when the first wave of the
COVID-19 pandemic occurred (28).

Regarding variations in the anthropometric characteristics, in the
case of the dyslipidemic population, the results reported a significant
worsening of the anthropometric parameters and an increase in body
weight and BMI, which is in line with previous findings (11, 20, 27).
However, in the diabetic population, a marked improvement in their
anthropometric characteristics was observed, which seems
contradictory to the results reported in other studies (11). These

Frontiers in Medicine

discrepancies could partly be explained by the fact that the evaluated
period in our study is not restricted to the confinement period but also
includes the years 2020 and 2021.

Regarding the evolution of the pharmacological prescription for
the diabetic population, it is remarkable that the number of patients
without active hypoglycemic treatment significantly decreased
throughout the follow-up period. This could be a direct consequence
of the lack of control over this population in the year 2020, as indicated
above (20), as well as an increase in physical inactivity (27). Similarly,
our results showed a significant decrease in monotherapy drugs and
an increase in combined drugs, which seems to indicate a greater
progression of the disease (29). It is also remarkable that the
percentage of patients treated with insulin, which is considered the last
pharmacological step, remained stable for the analyzed 3 years (30).
Finally, there has been a decrease in the percentage of the population
receiving treatments that are considered obsolete, such as
sulfonylureas, in favor of an increase in the latest antidiabetic drugs,
which are more effective and produce fewer side effects, such as GLP-1
agonists, IDPP-4, or ISGLT-2 (29).

This study has several limitations. First, data was exclusively
provided by the BIGAN platform, which in turn depends on
primary care professionals properly registering the data of the
patients they attended to. This is pivotal for determining BMI or
body weight, which is only registered around 55-65% in the T2D
population and around 72-82% in the dyslipidemic population
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and it is included by the primary care physician. In both
populations, good control of body weight is essential for the
management of both chronic diseases. Therefore, recording the
weight at each face-to-face visit must be improved by the primary
care physician. However, for analytical values, the results were
automatically extracted from the server, so it does not depend on
them being registered by the primary care physician and there
cannot be errors in the registration. Second, the pharmacological
data reported in this study were based on physician prescriptions.
However, it cannot be ensured that patients who were prescribed
a certain drug are currently and regularly taking it. Finally, it has
not been possible to analyze comorbidities associated with T2D
or dyslipidemia, which would have allowed us to better define
poorly controlled patients.

The COVID-19 pandemic has led to an overload on the health
system and changes in lifestyle patterns that seem to negatively affect
other chronic diseases diagnosis and management, such as T2D and
dyslipidemia. The results of the present study showed an
underdiagnosis of T2D in 2020 by generating lower prevalence and
incidence of this disease throughout the year. In addition, subjects
with T2D had modestly but significantly worsening glucose and
Hb1Ac levels, and an increase in the number of individuals who did
not achieve therapeutic goals was observed. On the contrary, the
dyslipidemic population experienced an improvement in their lipid
profile that could be mainly influenced by the large increase in
individuals who did not have any lipid determinations during the
years 2020 and 2021.
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