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Abstract 

Background The SARS‑CoV‑2 pandemic brought a radical shift in the healthcare system and suboptimal care 
for vulnerable patients, such as those with Type 2 Diabetes Mellitus (T2D). Therefore, we compared metabolic con‑
trol and macro/microvascular complications of patients with T2D before and throughout the three‑year SARS‑CoV‑2 
pandemic.

Research design and methods A retrospective observational cohort of subjects with T2D studied from 2018 
to 2022 in Northern Mexico was treated by a dynamic multidisciplinary team. Levels of Glycated hemoglobin (HbA1c), 
fasting serum glucose (FG), LDL‑Cholesterol (LDL‑C), blood pressure (BP), albuminuria, triglycerides, Body Mass Index 
(BMI), and FIB‑4 score, micro and macrovascular complications were evaluated.

Results A total of 999 patients were studied, 51.7% males with a mean (SD) age of 60.1 (12.7) years. Adequate 
glycemic control based on HbA1c increased by 15.2% and 42.3% in FSG (p < 0.001) between the beginning 2018 
and the end of 2022. LDL‑C control decreased by 5.1% between 2018 and 2022 (p < 0.001). Systolic BP control 
decreased by 2.6% (p < 0.001), whereas diastolic BP control increased by 1.8% (p = 0.01) between 2018 and 2022. Albu‑
minuria control increased by 8.5% (p = 0.002). When comparing the Area Under the Curve (AUC) of metabolic param‑
eters between patients who developed SARS‑CoV‑2 vs. those who did not, AUC was statistically higher in those who 
developed SARS‑CoV‑2 (p < 0.05). Diabetic neuropathy was the most prevalent microvascular complication (n = 35; 
3.6%); ischemic heart disease was the most frequent macrovascular complication (n = 11;1.1%).

Conclusions A multidisciplinary dynamic team that adapts to the pandemic SARS‑CoV‑2 maintains and increases 
metabolic control in subjects with type 2 diabetes in Mexico. This represents a low percentage of chronic 
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Effect of the SARS‑CoV‑2 pandemic on metabolic 
control in patients with type 2 diabetes: a 5‑year 
cohort follow‑up in a hospital in Northeastern 

Mexico
Type two diabetes (T2D) is a highly prevalent dis-
ease worldwide, associated with acute and chronic 

complications. The AUC of metabolic parameters of subjects with SARS‑CoV‑2 infection is higher, reflecting more vari‑
ability in metabolic control.
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complications and a high risk of mortality [1, 2]. In 2020, 
due to the SARS-CoV-2 pandemic, patients with T2D 
were subjected to a lockdown, leading to changes in 
lifestyle and physical activity due to the closure of non-
essential public places [3]. Moreover, this isolation posed 
a challenge in traditionally delivering health services, 
leaving a portion of the population without primary care 
access. This situation triggered a revolution in healthcare 
delivery, leading to the implementation of new forms of 
providing medical attention, such as telemedicine [4].

A 2022 meta-analysis involving nearly 4,000 patients 
across several countries highlighted worsened fasting 
serum glucose levels in T2D patients during lockdowns 
[5]. Consequently, it is of interest to study the effect of 
the SARS-CoV-2 pandemic on the metabolic control of 
T2D patients in other populations, such as the Latino 
population. Limited long-term research regarding mul-
tidisciplinary diabetes management exists in Mexico. A 
previous study conducted in Mexico City with 133,662 
patients showed that individuals with type 2 diabetes had 
generally poor disease control (HbA1c average of 8.9%) 
[6]. The long-term effect of the pandemic on metabolic 
control and micro and macrovascular complications 
associated with T2D in this population is poorly known, 
which motivates this current study. This research aimed 
to compare the metabolic control [(mean, proportion 
of patients at goal and area under the curve (AUC)] and 
liver fibrosis using FIB-4 score two years before and dur-
ing three years of the SARS-CoV-2 pandemic in patients 
with T2D. Secondarily, the study also explored consulta-
tion trends, medication usage, micro and macrovascular 
complications, and the incidence of acute complications 
during this studied period.

Research design and methods
This was a retrospective observational cohort study 
conducted at a hospital in Northern Mexico in subjects 
with T2D diabetes who had available information in the 
medical record during the follow-up period from 2018 
to 2022. This study was approved through the Institu-
tional Review Board (IRB) of Universidad de Monterrey 
(10,112,022-CN-MI-CI). Additionally, this study followed 
STROBE guidelines (Strengthening the Reporting of 
Observational Studies in Epidemiology) and the Declara-
tion of Helsinki [7].

Procedure
Information from 2018 to 2022 was extracted from the 
electronic medical records. The inclusion criteria were 
patients with type 2 diabetes, aged ≥ 18  years, who had 
at least one measurement in each year from 2018 to 
2022 of glycated hemoglobin (HbA1c) [control consid-
ered as < 7% in < 65  years, < 7.5% for adults > 65  years 

and < 8% in adults > 65 with multiple comorbidities 
[8, 9]]. Additionally, we evaluated the mean, stand-
ard deviation (SD), the proportion of control, and area 
under the curve (AUC) of the following variables: Fast-
ing Glucose (FG) [control considered between 80 and 
130  mg/dL] [8], Low-Density Lipoprotein Cholesterol 
(LDL-C) [control when ≤ 100  mg/dL] [10], High-Den-
sity Lipoprotein Cholesterol (HDL-C) [control < 50  mg/
dl for women and < 40  mg/dL for men [10]], Triglycer-
ides [control considered when < 150  mg/dL] [10], albu-
minuria [control < 30  mg/g] [11], with a Roche Cobas 
6000 c module 501 (USA); blood pressure [control 
when < 130/80  mmHg] [10], Body Mass Index (BMI) 
[control considered between 18.5 and 24.9  kg/m2] [12] 
and Fibrosis 4 Index (FIB-4) for liver fibrosis according to 
ADA 2024 guidelines [< 1.30 as F0–F1, > 1.30 but < 2.67 as 
F2 and > 2.67 as F3–F4] [1]. Additionally, the type of con-
sultations (in-person and telephonic), annual attendance 
in specialty consultations, medication usage, and com-
plications (acute, microvascular, macrovascular) were 
also evaluated. Other variables that were included were 
age, gender, personal medical history of systemic arterial 
hypertension, dyslipidemia, and SARS-CoV-2 infection. 
A careful and systematic review of the clinical record was 
performed to avoid bias during data collection. The clini-
cal parameters such as weight, height, and blood pressure 
were obtained from the medical record when the patient 
was assisted to an “in-person” medical consultation and 
had no acute infection that could have biased the results.

A convenience sampling method was employed, 
including all patients who met the inclusion criteria.

Hospital Clinica Nova care model
Hospital Clinica Nova is a private hospital located in 
Northern Mexico. During 2018 and 2019, diabetes man-
agement involved in-person consultations with a mul-
tidisciplinary team, including the internal medicine 
department, physical activation specialists, nutritionists, 
diabetes educators, and specialties, if required, such as 
ophthalmologists, endocrinologists, cardiologists, neph-
rologists, etc. In 2019, the Geriatrics department started 
treating patients older than 70 years, and in 2021, those 
older than 65. With the onset of the SARS-CoV-2 pan-
demic, in-person consultations were limited. Over the 
first two years of the pandemic, telephone consultations 
were mainly implemented for internal medicine, geriat-
rics, and endocrinology, with a 70% reduction in other 
specialties such as nutrition, physical activation, and 
diabetes education. In-person consultations for neph-
rology, cardiology, neurology, and ophthalmology were 
restricted to complex cases. Face-to-face consultations 
were gradually reintroduced from the third year of the 
contingency. In September 2022, Hospital Clinica Nova 
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launched its Metabolic Clinic, providing comprehensive 
care for diabetes, dyslipidemias, and associated compli-
cations through a multidisciplinary team comprising 
internal medicine, endocrinology, obesity clinic, nutri-
tion, physical activity, psychology, diabetes education, 
and other specialties if required.

Statistical analysis
The distribution of variables was explored through Kol-
mogorov–Smirnov and Shapiro–Wilk tests, as well as 
frequency histograms. Numerical data was normalized 
through logarithmic transformation. Data was reported 
as mean, standard deviation (SD), and frequencies 
and percentages for descriptive statistics. Cochran’s Q 
test was employed to determine significant differences 
between categorical data over time, the Chi-square test 
for independent categorical data, and repeated meas-
ures ANOVA for comparing quantitative variables over 
time. Mann–Whitney U test was computed to calculate 
the Area Under the Curve (AUC) difference between 
subjects with SARS-CoV2 infection vs. those that did 
not have it. Missing data was handled by complete case 
analysis. Sample size was calculated using G Power vs. 
3.1 software (Germany) based on ANOVA of repeated 
measures formula. Calculations included an effect size f 
of 0.25, an alpha of 5%, a power of 95%, 10 groups and 10 
measurements, and a correlation among repeated meas-
ures of 0.5. The minimal sample size required was 220 
subjects. Data missing completely at random was ana-
lyzed through complete case analysis. Data analysis was 
conducted using SPSS25 (SPSS Inc. Chicago, IL, USA), 
with a significance level set at a p-value < 0.05.

Results
A total of 999 patients were studied, 516 (51.7%) males, 
with a mean (SD) age of 60.1 (12.7) years. Regarding 
patients’ chronic comorbidities, 899 (89.9%) patients 
had dyslipidemia, 684 (68.4%) had hypertension, and 
640 (64%) were reported with obesity. Between 2020 and 
2022, 396 (39.6%) patients were diagnosed with SARS-
CoV-2; 81 (8.1%) in 2020, 174 (17.4%) in 2021 and 197 
(19.7%) in 2022.

The mean (SD) of FG had its highest peak in 2018 
[163.8 (1.3) mg/dL] and its minimum peak in 2021 [124.8 
(1.3) mg/dL], p < 0.001. There were no significant changes 
in mean HbA1c, cholesterol, triglycerides, BMI, and 
blood pressure values during the 5-year study (Table 1). 

However, when analyzing the proportion of patients 
meeting control targets, HbA1c had its highest control 
peak at the end of 2020 at 73.8% and its minimum at the 
end of 2018 at 53.2%, p < 0.001. The proportion of patients 
with controlled FG was at its minimum in 2018 (13.8%); 
with its highest peak at the end of 2021 (53.8%), p < 0.001. 

Regarding systolic blood pressure values, there was a 
peak control proportion in 2020 at 89.8%, which subse-
quently remained within the range of > 80%, with a statis-
tically significant p-value of < 0.001. As for diastolic blood 
pressure, the peak proportion of controlled patients was 
observed in late 2018 (93%), with the lowest point occur-
ring in early 2022 at 88.1%, p = 0.01. Regarding HDL-C, 
its highest control proportion occurred at the beginning 
of 2022 with 87%, and its lowest control proportion was 
at the end of the same year with p < 0.001. The proportion 
of subjects in LDL-C control peaked in 2022 at 69.7% 
and its minimum in 2020 at 52.7%, p < 0.001. The propor-
tion of subjects in triglyceride control remained > 50% for 
the most part, only reaching its lowest point at the end 
of 2021 with 47.5% and its highest point at the end of 
2019 (57.1%), p = 0.161. Concerning albuminuria, 89% of 
patients had adequate control at the end of 2022 and its 
lowest control proportion at the end of 2020 with 75.4% 
of patients, p = 0.002. When analyzing the FIB-4 classifi-
cation, there was an increase in the patients classified as 
F0–F1 in 2018; 64.8% of patients were observed in the 
F0–F1 classification; this remained similar in 2020, with 
64.0% of patients, and subsequently increased to 71.8% 
in 2022, p < 0.001. Regarding those classified as F2, the 
highest proportion of patients in this classification was 
observed in 2019 at 42.8%, followed by its lowest propor-
tion in 2022 at 20.9% (p < 0.001). In the case of patients 
classified as F3-F4, there was a notable variation over the 
years, with the lowest proportion in 2018 at 4.9%, subse-
quently increasing in 2019 to 11.0% of patients, and grad-
ually decreasing again, with 8.3% of patients classified as 
F3-F4 in 2021, and further decreasing in 2022 to 7.3% of 
patients, p < 0.001. Regarding BMI classification, propor-
tion of controlled patients varied between 6 and 14%, 
reaching its highest peak at the end of 2021 and its lowest 
peak at the beginning of 2018, p < 0.001. The proportion 
of patients under control based on laboratory parameters 
is detailed in Fig. 1 and Table 2.

The AUC of the difference in the mean values of meta-
bolic parameters over time was computed and compared 
between subjects infected by SARS-CoV-2 and those 
who did not have the infection. Results showed statisti-
cally higher AUC values in subjects with SARS-CoV2 in 
the following parameters: FG, total cholesterol, LDL-C, 
triglycerides, diastolic blood pressure, and BMI (Table 3).

Regarding consultation type, telephone consultations 
were implemented in 2020, with 899 (90%) patients 
using this modality at least once, reducing in-person 
consultations, with only 541 (54.2%) patients using this 
modality. In-person consultations reached their low-
est point in 2021, with 2 (0.2%) patients. All patients 
attended at least one in-person or telephonic follow-up 
consultation with internal medicine or geriatrics during 
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the years of this study. Ophthalmology consultations 
varied significantly, with the highest attendance in 2019 
(50.8%) and its lowest during 2020 (28.5%), p < 0.001. 
Retinology consultations attendance peaked in 2018 
with 56 (5.6%) patients and gradually reduced to reach 
its lowest attendance in 2022 with only 26 (2.6%) 
patients. Attendance to endocrinology consultations 
increased over the years, with its minimum attendance 
in 2018 with 85 (8.5%) patients and subsequently reach-
ing its highest attendance proportion with 121 (12.1%) 
patients in 2022; similarly, cardiology consultations had 
its lowest peak of attendance in 2018 with 69 (6.9%) 
patients and reached maximum attendance with 103 
(10.3%) patients in 2022. Diabetes education consulta-
tions peaked in 2018 with 274 (27.4%) patients, mir-
roring nutrition and physical activation consultations, 
reaching their highest point with 124 (12.4%) patients 
in the same year. Table  4 displays the number of 
patients attending each consultation and their respec-
tive percentages each year.

Regarding medication usage and prescription, there 
was an overall increase in oral hypoglycemic agents. 
Prescription of biguanides increased gradually from 853 
(85.8%) patients in 2018 to 902 (90,7%) patients in 2020 
and proceeded to decrease to 805 (80.6%) patients in 
2022, p < 0.001. Contrary to the rest, sulfonylureas usage 
decreased over the study years, with its maximum pre-
scription peak in 2018 with 143 (14.4%) patients and 
having its lowest peak in 2022 with 62 (6.2%) patients, 
p < 0.001. In relation to insulin use, long-lasting insulin 
was the most prescribed with 371 (37.1) patients, with 
a gradual increase of usage from 182 (18.3%) patients in 
2018, to 243 (24.3%) patients in 2022, p < 0.001.

Regarding lipid-lowering medications, 81.9% of 
patients are using statins, which reached their peak in 
2020 with 619 (62.2%) patients using this medication. On 
the other hand, 273 (27.3%) patients used fibrates, with 
their highest usage in 2018 being 147 (14.8%) patients, 
and there was a gradual reduction in their use over time. 
In terms of the use of lipid-lowering medications, 81.9% 

Fig. 1 Proportion of subjects in metabolic control from 2018 to 2022. Glycated Hemoglobin considered adequately controlled when < 7%, < 7.5% 
in adults over 65, and < 8% in adults over 65 with multiple comorbidities, as per ADA 2024. Systolic blood pressure deemed in adequate control 
when < 130 mmHg, according to ADA 2024. BMI considered in control when between 18.5 and 24.9 kg/m2. LDL‑C is considered in adequate control 
when levels are < 100 mg/dL, in accordance with ADA 2024. Albuminuria is considered negative when levels are < 30 mg/g, as per ADA 2024. FIB‑4 
Classification considered in control when classified within the category F0–F1
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of patients have used statins, reaching their highest point 
in 2020 with 619 (62.2%) patients using this medication.

On the other hand, 273 (27.3%) patients used fibrates, 
with its highest usage in 2018 with 147 (14.8%) patients 
and a gradual reduction in their prescription over time. 
Among the antihypertensive medications, angiotensin II 
receptor blockers were the most used, with 504 (50.5%) 
patients. Table  5 shows the most frequently prescribed 
medications.

In reference to complications secondary to type 2 dia-
betes (T2D), there were no significant changes. Diabetic 
neuropathy [35 (3.6%)] was the most common microvas-
cular complication, ischemic heart disease [11 (1.1%)] 
among macrovascular complications, and hypoglycemia 
[14 (1.4%)] among acute complications (Table 6).

Discussion
This study focuses on a cohort of 999 patients with 
T2D patients treated between 2018 and 2022 at a hos-
pital in Northeastern Mexico, where a multidisciplinary 
team navigated challenges and adaptations during the 
SARS-CoV-2 pandemic. It was observed that, despite a 
decrease in in-person consultations and an increase in 
telemedicine, significant improvements in glycemic con-
trol were observed. HbA1c based control proportion was 
lower before the pandemic and improved in subsequent 
years. A significant decrease in FG was observed during 
2019–2022 compared to 2018, while levels of HbA1c and 
cholesterol showed no significant changes. The propor-
tion of patients with BMI at goal increased in 2022, and 
blood pressure control was maintained. The proportion 
of FIB-4 score 0–1 increased over time. On the other 
hand, there was a decrease in the proportion of patients 
with controlled LDL-C during the years in which the 
pandemic unfolded. Additionally, when the AUC of the 
metabolic control was compared between subjects that 
had SARS-CoV-2 infection vs. those that did not, there 
were higher AUC values in subjects that had SARS-CoV2 
in fasting glucose, total cholesterol, LDL-C, triglycerides, 
diastolic blood pressure, and BMI.

Demographics and proportion of metabolic control 
parameters
Our population was predominantly male, which aligns 
with a study of 500,000 patients describing a higher 
prevalence of type 2 diabetes in male patients of various 
ethnicities compared to the female population [13]. This 
predominance of the male population may be related to 

Table 3 The area under the curve of the mean of metabolic 
parameters during 5 years of follow‑up

1 AUC = area under the curve, 2BMI = Body Mass Index, 3Mann–Whitney U test

AUC Parameter
Mean (SD)1

No SARS-CoV-2 
(n = 603)

SARS-CoV-2 
(n = 396)

p-value3

Fasting glucose 508 (143) 532 (125) 0.008

Glycated hemoglobin 27 (8) 28 (6) 0.13

Total Cholesterol 581 (167) 626 (139)  < 0.001

HDL‑C 154 (48) 161 (44) 0.061

LDL‑C 323 (113) 344 (106) 0.001

Triglycerides 581 (366) 613 (341) 0.025

Systoilc Pressure 445 (101) 446 (99)  > 0.9

Dyastolic Pressure 267 (62) 276 (57) 0.007

BMI 2 95 (34) 103 (33) 0.003

Table 4 Consultation attendance during 2018 and 2022

p‑value obtained through the Cochran’s Q test. p‑value < 0.05 was considered statistically significant. Internal Medicine and Geriatrics consultation for all patients 
based on the patient’s age. From 2018 to 2020, patients aged over 70 years for Geriatrics consultation, and from 2021 onwards, patients over 65 years for Geriatrics 
consultation

Consultation modality 2018
n = 999 (%)

2019
n = 999 (%)

2020
n = 999 (%)

2021
n = 999 (%)

2022
n = 999 (%)

p-value

Telemedicine 0 (0) 0 (0) 105 (10.5) 5 (0.5) 5 (0.5)  < 0.001

Telephonic 0 (0) 899 (90) 899 (90.0) 999 (100) 999 (100)  < 0.001

In‑person 999 (100) 541 (54.2) 541 (54.2) 2 (0.2) 278 (27.8)  < 0.001

Specialty consultation attendance during 2018 and 2022

 Specialty 2018 n = 999 (%) 2019 n = 999 (%) 2020 n = 999 (%) 2021 n = 999 (%) 2022 n = 999 (%) p‑value

 Cardiology 69 (6.9) 101 (10.1) 83 (8.3) 85 (8.5) 103 (10.3) 0.006

 Diabetes’ Education 274 (27.4) 246 (24.6) 125 (12.5) 72 (7.2) 90 (9.0)  < 0.001

 Endocrinology 85 (8.5) 91 (9.1) 99 (9.9) 108 (10.8) 121 (12.1)  < 0.001

 Nephrology 29 (2.9) 33 (3.3) 34 (3.4) 40 (4.0) 38 (3.8) 0.342

 Neurology 50 (5.0) 49 (4.9) 35 (3.5) 42 (4.2) 33 (3.3) 0.103

 Nutrition/physical activation 124 (12.4) 108 (10.8) 56 (5.6) 81 (8.1) 63 (6.3)  < 0.001

 Ophthalmology 474 (47.4) 507 (50.8) 285 (28.5) 355 (35.5) 369 (36.9)  < 0.001

 Retinology 56 (5.6) 55 (5.5) 37 (3.7) 33 (3.3) 26 (2.6)  < 0.001
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the diagnosis of diabetes occurring earlier in men than in 
women, especially between the ages of 35 and 69, con-
sistent with our study’s average age of 60 years [14].

In our population, the proportion of controlled patients 
based on HbA1c remained in a high range between 53.2 
and 73.8%. This contrasts with a study conducted in 
Mexico City (1998–2005, 2015–2019), which reported 
a lower proportion with good control between 16 and 
37% [15]. Similarly, another study conducted by the 
National Health and Nutrition Examination Survey from 
1999 to 2010 reported a control improvement until early 
2010, with a subsequent stall and declination to 50.5% 

in 2018 [16]. Our controlled proportion was higher and 
even increased in the following years compared to other 
populations.

Throughout the study, the proportion of patients with 
HbA1c levels in control showed an increase and subse-
quent stabilization in 2020 and 2022 compared to previ-
ous years. This contrasts with a meta-analysis from 21 
studies, which demonstrated a significant deterioration 
in HbA1c levels and a decrease in the control proportion 
during the SARS-COV-2 pandemic compared to previ-
ous years [5]. In another study from the U.S. evaluating 
patients between 1999 and 2018, there was a decrease 

Table 5 Medication group used by patients for control of diabetes mellitus and comorbidities from 2018 to 2022

p‑value obtained through the Cochran’s Q test. p‑value < 0.05 was considered statistically significant

NSAIDs = Non‑steroid‑anti‑inflammatory drugs

Medication group 2018 n = 999 (%) 2019 n = 999 (%) 2020 n = 999 (%) 2021 n = 999 (%) 2022 n = 999 (%) Entre 2018 y 
2022 n = 999 
(%)

p-value

Hypoglycemic agents

 Biguanides 853 (85.8) 891 (89.5) 902 (90.7) 809 (81.0) 805 (80.6) 969 (97.0)  < 0.001

 GLP‑1 analogs 33 (3.3) 80 (8.0) 93 (9.3) 95 (9.5) 88 (8.8) 176 (17.6)  < 0.001

 DPP‑4 inhibitors 572 (57.5) 660 (66.3) 673 (67.6) 602 (60.3) 614 (61.5) 876 (87.7)  < 0.001

 SGLT2 inhibitors 265 (26.7) 328 (33.0) 407 (40.9) 417 (41.7) 443 (44.3) 650 (65.1)  < 0.001

 Thiazolidinediones 88 (8.9) 142 (14.2) 161 (16.2) 152 (15.2) 158 (15.8) 318 (31.8)  < 0.001

 Sulfonylureas 143 (14.4) 150 (15.1) 118 (11.9) 67 (6.7) 62 (6.2) 247 (24.7)  < 0.001

Insulins

 Long‑acting insulin 182 (18.3) 210 (21.1) 242 (24.2) 237 (23.7) 243 (24.3) 371 (37.1)  < 0.001

 Ultra‑rapid‑acting 
Insulin

71 (7.1) 64 (6.4) 52 (5.2) 49 (4.9) 50 (5.0) 142 (14.2) 0.065

Regular insulin 72 (7.2) 64 (6.4) 52 (5.2) 33 (3.3) 30 (3.0) 100 (10.0)  < 0.001

Ultra‑long‑acting 
insulin

0 (0) 4 (0.4) 6 (0.6) 5 (0.5) 10 (1.0) 17 (1.7) 0.010

 Intermediate‑acting 
Insulin

6 (0.6) 9 (0.9) 6 (0.6) 1 (0.1) 0 (0) 10 (1.0) 0.017

Lipid‑lowering medications

 Statins 537 (54.0) 589 (59.2) 619 (62.2) 576 (57.7) 575 (57.6) 828 (81.9)  < 0.001

 Fibrates 147 (14.8) 134 (13.5) 130 (13.1) 118 (11.8) 123 (12.3) 273 (27.3) 0.546

Antihypertensive medications

 Angiotensin II 
receptor blockers

275 (27.7) 319 (32.1) 352 (35.4) 328 (32.8) 342 (34.2) 504 (50.5)  < 0.001

 Calcium channel 
blockers

96 (9.7) 121 (12.2) 135 (13.6) 143 (14.3) 152 (15.2) 227 (22.7)  < 0.001

 Beta‑blockers 104 (10.5) 121 (12.2) 113 (11.4) 99 (9.9) 110 (11.0) 197 (19.7) 0.271

 Angiotensin‑
converting enzyme 
inhibitor

142 (14.3) 148 (14.9) 119 (12.0) 87 (8.7) 80 (8.0) 242 (24.2)  < 0.001

diuretics 30 (3.0) 39 (3.9) 76 (7.6) 58 (5.8) 66 (6.6) 147 (14.7)  < 0.001

 Antiarrhythmics 10 (1.0) 5 (0.5) 7 (0.7) 5 (0.5) 11 (1.1) 20 (2.0) 0.206

Other medications

 NSAIDs 408 (41.0) 435 (43.7) 401 (40.3) 37 (3.7) 38 (3.8) 582 (58.3)  < 0.001

 Gabapentin 28 (2.8) 22 (2.2) 20 (2.0) 23 (2.3) 21 (2.1) 59 (5.9) 0.80

pregabalin 32 (3.2) 37 (3.7) 34 (3.4) 24 (2.4) 26 (2.6) 83 (8.3) 0.48



Page 10 of 14Morales‑Rodriguez et al. Diabetology & Metabolic Syndrome           (2024) 16:94 

in the proportion of control, from 57.4 to 50.5% during 
2002–2010 [16], even without a pandemic. Our patient’s 
improvement in control is related to their access to a 
multidisciplinary team. Despite the reduction of in-per-
son visits to telephone consultations, key diabetes-related 
specialties remained available for patient care. This is 
consistent with various studies that state that a multi-
disciplinary team composed of specialists in the medical 
field, nutrition, physical activity, and diabetes education 
has a beneficial effect on reducing HbA1c, FG, and blood 
pressure levels through constant monitoring, medical 
guidance, and appropriate treatment, which is consistent 
with the practices of the metabolic clinic at the hospital 
[17, 18].

Despite transitioning from traditional in-person con-
sultations to telephonic medical care in 2020, glycemic 
control improved and stabilized during the pandemic 
compared to previous years. Similar to our research, a 
study from Louisiana evaluated the effectiveness of tel-
emedicine in controlling the HbA1c levels during the 
SARS-COV-2 pandemic, showing a decrease in these 
levels during the pandemic period [19]. Likewise, a study 
conducted in Japan in 2019 and 2020, where telemedi-
cine consultations were implemented, found that patients 
who were within control range prior to the pandemic 
maintained stable control [20].

A difference in the control proportion of LDL-C lev-
els was observed, with a more significant decrease in 
2020. This may correlate with the reduced attendance to 
nutrition and physical activity consultations due to the 

prioritization of internal medicine and endocrinology 
for patient management during the pandemic. Similarly, 
due to the pandemic and subsequent lockdown, acces-
sibility and availability of food were affected, disrupting 
the quality of the diet [21], leading to an increase in the 
consumption of ultra-processed foods and alcohol, and a 
decreased intake of fruits, vegetables, and whole grains, 
as well as a decline in physical activity [22, 23].

Analyzing the FIB-4 classification, an increase in 
patients classified as F0–F1 was observed, with a conse-
quent decrease in those classified as F2. This contrasts 
with a study that analyzed the trend of hepatic fibro-
sis in 3 years of 1527 patients with T2D, which showed 
a decrease in patients with low risk of fibrosis and an 
increase of intermediate and high-risk patients during 
the three-year follow-up [24]. This could relate to obesity 
and high BMI’s association with the development of Met-
abolic Dysfunction-Associated Liver Disease (MASLD), 
secondary to the production of proinflammatory 
cytokines by the adipose tissue that triggers the progres-
sion of MASLD [25]. In our population, the higher pro-
portion of low-risk FIB-4 was in 2022, which coincides 
with the rise of patients with healthy BMI levels in 2022.

SARS-CoV-2 and effects on metabolic control parameters
During the study, we ensured that patient metabolic 
parameters were not evaluated during acute infection 
phases. When comparing AUC between subjects with a 
SARS-CoV-2 infection at any point vs. those without, the 
former exhibited higher AUC levels of fasting glucose, 

Table 6 Incidence of complications secondary to diabetes mellitus in patients from 2018 to 2022

A p‑value was obtained through the Cochran’s Q test. A p‑value < 0.05 was considered statistically significant

Type of complication Between 
2018 and 
2022

2018 (%) 2019 (%) 2020 (%) 2021 (%) 2022 (%) p-value

Microvascular complica‑
tions

Diabetic neuropathy 35 (3.6)
n = 967

4 (0.4)
n = 967

7 (0.7)
n = 967

6 (0.6)
n = 967

15 (1.6)
n = 967

7 (0.7)
n = 967

0.106

Diabetic nephropathy 22 (2.2)
n = 967

5 (0.5)
n = 967

2 (0.2)
n = 967

6 (0.6)
n = 967

7 (0.7)
n = 967

3 (0.3)
n = 967

0.442

Diabetic retinopathy 16 (1.7)
n = 967

3 (0.3)
n = 967

3 (0.3) n = 967 1 (0.1)
n = 967

3 (0.3)
n = 967

5 (0.5)
n = 967

0.615

Diabetic foot 5 (0.5)
n = 967

1 (0.1)
n = 967

2 (0.2)
n = 967

0 (0)
n = 967

1 (0.1)
n = 967

0 (0)
n = 967

0.478

Acute complications Hypoglycemia 14 (1.4)
n = 967

2 (0.2) n = 967 3 (0.3) n = 964 5 (0.5)
n = 967

4 (0.4)
n = 967

3 (0.3)
n = 967

0.804

Hyperosmolar hyperglyce‑
mic state

6 (0.6)
n = 967

0 (0)
n = 967

1 (0.1)
n = 964

2 (0.2)
n = 967

1 (0.1)
n = 967

2 (0.2)
n = 967

0.675

Diabetic ketoacidosis 2 (0.2)
n = 967

0 (0)
n = 967

0 (0)
n = 964

0 (0)
n = 967

0 (0)
n = 967

1 (0.1)
n = 967

0.406

Macrovascular complica‑
tions

Ischemic heart disease 11 (1.1)
n = 967

2 (0.2)
n = 967

1 (0.1)
n = 967

2 (0.2) n = 967 4 (0.4)
n = 967

2 (0.2)
n = 967

0.702

Ischemic stroke 4 (0.4)
n = 967

1 (0.1)
n = 967

1 (0.1)
n = 967

0 (0)
n = 967

1 (0.1)
n = 967

1 (0.1)
n = 967

0.91
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total cholesterol, LDL-C, diastolic blood pressure, and 
BMI. This suggests that SARS-CoV-2 could have a delete-
rious effect on metabolic control for the long term. How-
ever, there could also be a bidirectional relation since 
subjects with poor metabolic control can be more prone 
to SARS-CoV-2 infection.

In relation to SARS-CoV-2 and glucose metabolism, 
pre-existing T2D can exacerbate SARS-CoV-2 infection. 
High glucose promotes SARS-CoV-2 entry by upregulat-
ing ACE2 expression. The virus can also impair islet func-
tion by directly infecting pancreatic beta cells, restricting 
insulin secretion, and inducing cell apoptosis. Addition-
ally, SARS-CoV-2 infection can shift glucose metabolism 
towards aerobic glycolysis through the Warburg effect 
[26].

Lipid metabolism is indispensable for providing energy, 
maintaining homeostasis, and regulating the immune 
response. Lipid droplets have been reported to be associ-
ated with antiviral innate immunity. Lipid accumulation 
has been observed in the lungs of SARS-CoV-2 patients. 
Furthermore, significant lipidomic alterations have been 
linked to SARS-CoV-2 severity since fatty acids are 
essential for SARS-CoV-2 replication [26].

SARS-CoV-2 specifically recognizes and attaches 
human angiotensin-converting enzyme 2 (ACE2) for 
entry via the S protein. Different ACE2 polymorphisms, 
such as rs2074192, have been associated with hyperten-
sion in obese males. Additionally, previous studies have 
shown a higher incidence of hypertension post- SARS-
CoV-2 infection [28].

The relation between higher BMI and SARS-CoV-2 
infection can be explained through multiple mechanisms, 
such as altered respiratory anatomy related to fat depos-
its in the mediastinum and abdomen and reduced chest 
wall elasticity. Also, obese subjects have an imbalance of 
coagulant factors, increased leptin resistance, B cell and 
T cell impairment, complement system overreaction, and 
poor antibody response. Adipose tissue, serving as a viral 
reservoir, could prolong virus shedding in obese patients 
and increase viral replication [29].

Visits to medical specialties
Regarding consultations, all patients are under close 
monitoring by an internist or geriatrician depending on 
their age, aiming for adherence to the ADA 2024 guide-
lines for continuous monitoring of patients with T2D 
[30]. There was a decrease in the assistance to ophthal-
mology, diabetes education, nutrition, and physical activ-
ity consultations, while endocrinology and cardiology 
consultations increased. Nephrology and neurology con-
sultations remained unchanged.

There was a decrease in attendance at ophthalmology 
consultations. According to the ADA 2024 guidelines, 

it is recommended that all patients with T2D have a 
comprehensive eye examination by an ophthalmologist 
at the time of diagnosis and annually if there are signs 
of retinopathy. However, when there is no evidence of 
retinopathy in one or more annual eye exams and glu-
cose parameters are under control, screening tests can be 
conducted every 2 years [31]. Due to the low incidence of 
diabetic retinopathy in our population compared to oth-
ers [32, 33] and patients maintaining controlled glucose 
levels, the less frequent referral to ophthalmology can 
be justified, leading to a decrease in attendance for these 
consultations.

The ADA does not provide a specific recommenda-
tion for a minimum number of endocrinology consulta-
tions for patients with T2D; however, it emphasizes the 
value of a multidisciplinary team [31]. At the onset of 
the pandemic, there was an increase in attendance for 
endocrinology and cardiology consultations, which can 
be interpreted as an effort to maintain and increase the 
proportion of patients in control based on HbA1c, FG, 
and lipid levels, as well as a compensatory response to the 
decreased attendance in diabetes education, nutrition, 
and physical activity consultations. Like our population, 
a study mentions that patients with well-controlled T2D 
can receive adequate care through an internist, nutrition-
ist, and diabetes educator. It also states that consultations 
with an endocrinologist are reserved for the care and 
treatment of more complex patients [34].

There was no significant change in attendance for 
nephrology and neurology consultations. This is because, 
referral to these specialties should be considered in 
specific situations of greater complexity [11]. Diabetic 
nephropathy and neuropathy are the most common 
complications in our population over the 5-year period, 
which explains the consistent attendance for these 
consultations.

T2D management
Prescription of oral hypoglycemic agents increased 
between 2019 and 2022, except for sulfonylureas, which 
decreased in this same period. This finding aligns with a 
study conducted in Germany that analyzed the change 
in glucose-lowering regimens during the SARS-CoV-2 
pandemic, showing an increased prescription of differ-
ent oral hypoglycemic agents such as biguanides, DPP-4 
inhibitor, SGLT2 inhibitors and GLP-1 analogs between 
2019 and 2020 [35], with a higher increase in SGLT2 
inhibitors, same as our study. This can be related to its 
positive outcomes regarding glycemic control and other 
beneficial effects, such as cardiovascular protection, 
blood pressure reduction, and improved kidney function, 
which could have been beneficial during the pandemic as 
an additional vital organ protection [36].
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Between 2018 and 2022, there was an increase in the 
prescription of oral hypoglycemic agents and insu-
lin and a decrease in sulfonylureas. This coincides 
with research conducted in Mexico City that analyzed 
trends in management from 1998 to 2004 and from 
2015 to 2019. Said study found a general increase in 
glucose-lowering medication, a moderate increase in 
insulin use, and a decrease in sulfonylureas [15]. The 
increase in the prescription of hypoglycemic agents 
can be attributed to the progressive nature of type 2 
diabetes, necessitating combined therapies for main-
taining glycemic targets. The ADA 2024 recommends 
the prescription of an additional medication to met-
formin to maintain HbA1c targets [37] which explains 
the increase of all hypoglycemic agents and long-act-
ing insulin prescription. Conversely, while sulfonylu-
reas persist as one of the most prescribed second-line 
agents, their usage is diminishing due to the emergence 
of new, beneficial, and safer treatment options for 
patients [38].

Incidence of micro and macrovascular complications
Our population showed a low incidence of complica-
tions over the 5-year study compared to other popula-
tions. A study conducted in India reported that at least 
46% of its population had some complication second-
ary to T2D [39]. Another study in Arabia reported an 
incidence of 76% of its population with T2D-associated 
complications [40]. The low occurrence of complica-
tions in our population relates to stable levels of HbA1c 
and FG, as chronic hyperglycemia is a significant fac-
tor in the development of microvascular complications, 
secondary to the impairment of capillary microvascula-
ture by the activity of the polyol pathway [41].

Our study found a higher proportion of microvas-
cular complications compared to macrovascular ones, 
with diabetic neuropathy being the most frequent com-
plication in our population. This relates to a study con-
ducted in Asia, which identified a higher prevalence of 
microvascular complications and a greater prevalence 
of diabetic neuropathy [42]. Similarly, a U.S. study 
analyzing patients from various ethnic backgrounds 
reported a higher incidence of diabetic neuropathy, fol-
lowed by nephropathy, aligning with our results [43]. 
The higher prevalence of this complication is linked to 
an increased risk of diabetic neuropathy with advanc-
ing age. Age greater than 60  years is associated with 
a heightened risk of developing diabetic neuropathy 
due to biological aging processes such as alterations in 
nerve vasculature, increased advanced glycation end 
products, and decreased resistance to oxidative stress 
products [44].

Relevance and limitations
The relevance of this study relies on its tight 5-year fol-
low-up of a cohort of 999 patients from a poorly studied 
population managed by an adaptative multidisciplinary 
team. It demonstrated adequate glycemic control, even 
during the SARS-COV-2 pandemic, along with a low rate 
of complications compared to other studied populations.

This study has various limitations; the main limitation 
lies in its retrospective nature, which limits patients who 
had a follow-up through medical records. The assess-
ment of the cohort was not uniform; due to the nature of 
the SARS-CoV-2 pandemic, some subjects did not have 
an evaluation at all time points. Additionally, the sam-
ple may not be representative of the general population 
as it reflects a population managed by a specific health-
care system in a Northeast Mexican region; however, if 
this health system model is replicated in other regions, 
it could aid in diabetes control. For future research, it 
would be relevant to address risk factors influencing 
patients’ metabolic control, such as lifestyle changes and 
psychosocial factors. This could contribute to the devel-
opment of strategies for prevention and intervention in 
future situations like the SARS-COV-2 pandemic.

Conclusions
In conclusion, the findings of this research under-
score the importance of an adaptative interdisciplinary 
approach in the care of patients with T2D. Despite the 
changing dynamics of healthcare during 2018–2022, due 
to the SARS-COV-2 pandemic, an increase in the pro-
portion of patients with glycemic control was observed. 
This coincided with the implementation of telemedicine, 
an increase in the prescription of hypoglycemic agents, 
and an increase in consultations with endocrinology and 
cardiology. However, the decrease in the proportion of 
patients with controlled LDL-C emphasizes the need for 
comprehensive care addressing cardiovascular risk fac-
tors. When comparing AUC metabolic control between 
subjects with SARS-CoV2 infection vs. those that did not 
have the infection, there was higher FG, Total cholesterol, 
LDL-C, triglycerides, diastolic blood pressure, and BMI, 
suggesting a bidirectional effect of subjects with comor-
bidities and SARS-CoV-2 infection. The stability in the 
occurrence of complications suggests that the interdis-
ciplinary approach may have contributed to maintaining 
overall good disease control. These results highlight the 
importance of coordinating care across different medical 
specialties to optimize T2D management.
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