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Abstract

Background
The COVID-19 pandemic disrupted diabetes diagnosis, monitoring, and continuity of care, potentially
affecting treatment outcomes in individuals with newly diagnosed type 2 diabetes. This study aimed to
evaluate treatment success and identify factors associated with achieving individualized glycemic
targets among adults diagnosed with type 2 diabetes during the COVID-19 pandemic, with consideration
of prior COVID-19 infection.

Methods
This single-center cross-sectional study included 211 adults diagnosed with type 2 diabetes after March
2020 and evaluated at a diabetes center in Türkiye between June and September 2023. Clinical,
laboratory, treatment, and COVID-19 data were obtained from patient interviews and electronic health
records. Treatment success was defined as achievement of individualized HbA1c targets according to
the 2022 Turkish Endocrinology and Metabolism Society guideline. After excluding 20 participants who
developed COVID-19 following diabetes diagnosis, factors associated with treatment success were
evaluated in 191 participants using multivariable Firth penalized logistic regression, with additional
models examining comorbidities and concomitant medication use as sensitivity analyses.

Results
Among 191 participants included in the treatment-success analysis, 139 (72.8%) achieved their
individualized HbA1c target. In the primary Firth penalized logistic regression model, higher HbA1c at
diagnosis was associated with lower odds of treatment success (aOR 0.80, 95% CI 0.66–0.97), whereas
longer diabetes duration (aOR 1.06 per month, 95% CI 1.01–1.11) and pharmacological adherence (aOR
6.88, 95% CI 2.83–17.92) were associated with higher odds of success. Prior COVID-19 infection was
also associated with higher odds of treatment success (aOR 2.88, 95% CI 1.15–8.04), although this
finding should be interpreted cautiously.

Conclusions
Treatment success was primarily associated with baseline glycemic status and pharmacological
adherence. The unexpected association between prior COVID-19 infection and higher odds of treatment
success should be interpreted cautiously given its sensitivity to model specification. These findings
emphasize the importance of treatment adherence and continuity of diabetes care.
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Diabetes is a rapidly growing global health issue with far-reaching effects, affecting an estimated
529 million people worldwide in 2021, a figure projected to rise to 1.31 billion by 20501. WHO reports that
diabetes causes blindness, kidney failure, heart attacks, and lower-limb amputations. Additionally,
approximately 2 million deaths are attributed to diabetes and diabetes-related kidney disease, while
around 11% of cardiovascular deaths are associated with high blood glucose levels. Although diabetes
represents a substantial global health burden, it can be effectively managed through lifestyle
modifications, early diagnosis, regular follow-up, and appropriate treatment2 .

Despite advances in diabetes diagnosis and treatment, substantial gaps in disease awareness,
treatment, and glycemic control persist worldwide. A recent systematic review and meta-analysis
showed that approximately 60% of individuals with diabetes were aware of their condition and 45%
received pharmacological treatment, while only 20% achieved adequate glycemic control, with
particularly pronounced disparities in low-income countries and rural populations3. Treatment success
for diabetes is defined by limiting the blood glucose level at desirable level based on clinical
characteristics of patients such as age and coexisting disease profiles4. However, effective management
of type 2 diabetes extends beyond glycemic control and requires a comprehensive approach addressing
multiple cardiovascular risk factors, including hypertension, dyslipidemia, and obesity, to reduce the risk
of long-term microvascular and macrovascular complications.5

In 2019, the outbreak of SARS-CoV-2, also referred to as COVID-19, originated in Wuhan, China, and
rapidly spread globally, resulting in 772,052,752 confirmed cases and 6,985,278 deaths worldwide6. In
our country, the confirmed case count reached 17,042,722, with 101,492 recorded deaths7. Turkey
reported its first COVID-19 case on March 11, 20208. The country experienced an initial peak in daily

cases on April 29, 2020, with 2,936 cases, and a second peak on December 8, 2020, with 6,593 cases7.
After the initial peak subsided, restrictions were gradually eased on June 1, 2020, but were subsequently
reemployed in various forms on November 18, 2020, as cases rose again9 .The highest number of daily
cases, 111,157, was reported on February 4, 2022, a period when multiple COVID-19 vaccines were
available9. Nearly three years after the pandemic's onset, the World Health Organization (WHO) declared

its end on May 5, 202310. Nonetheless, questions remain regarding the potential long-term health
impacts of COVID-19 on individuals.

The intersection of these two pandemics has heightened the risk of morbidity and mortality for both
diseases, leading researchers to explore their relationship. Numerous studies have shown that most
hospitalized COVID-19 patients also had diabetes mellitus, intensifying scrutiny of the association
between diabetes and COVID-19 11, 12 .Most research indicates that diabetes exacerbates the severity of
COVID-19 13, 14; however, some studies suggest COVID-19 may also directly contribute to the onset of

diabetes15, 16.

Although the precise impact of COVID-19 on diabetes onset and management remains unclear, the
pandemic profoundly altered both individual lifestyles and the delivery of healthcare services17 .
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This study aimed to evaluate treatment success and identify factors associated with achieving
individualized glycemic targets among adults diagnosed with type 2 diabetes during the COVID-19
pandemic, with particular consideration of prior COVID-19 infection.

METHODS

Study design and participants
This cross-sectional study aimed to identify differences in patient profiles and disease progression
among diabetes mellitus patients who contracted COVID-19 versus those who did not during the
pandemic. The study included individuals aged 18 and older who visited the Kaynarca Diabetes Center at
Kartal Dr. Lütfi Kırdar City Hospital between June 1 and September 1, 2023, and met specific inclusion
criteria. Based on a 95% confidence interval, a 5% margin of error, and an anticipated 10% drop-out rate,
203 patients were targeted, with data collection completed on 211 participants.

Inclusion criteria were age 18 or older, first-time diabetes diagnosis post-March 2020, and accessible
health records in the national e-Nabız system. Exclusions included gestational diabetes, inaccessible e-
Nabız records, type 1 diabetes, corticosteroid use, and pre-pandemic diabetes diagnoses.

Data collection and definitions
Data on demographics, medical history, and treatment adherence were collected through interviews, with
BMI and metabolic syndrome diagnoses assessed using hospital data. HbA1c, FPG, C-peptide levels,
and treatment protocols were retrieved from hospital and e-Nabız records. e-Nabız records also
confirmed exclusion criteria and provided COVID-19 PCR results and hospitalization details.

Treatment success was defined as achievement of the individualized HbA1c target recommended in the
2022 Turkish Endocrinology and Metabolism Society (TEMD) guideline4. HbA1c targets were determined
according to patient characteristics, including age and the presence of comorbidities, rather than using a
single HbA1c threshold for all participants. Accordingly, each participant was classified as having
achieved or not achieved treatment success based on the HbA1c target applicable to their individual
clinical profile.

Data were collected using an investigator-completed electronic data collection form (Microsoft Excel).
The form included variables specified in the study protocol, as well as information routinely obtained
during clinical consultations. Patient-reported information was recorded by the investigator during
routine clinical interviews, while additional demographic, clinical, treatment-related, and laboratory data
were retrieved from electronic health records. The form was used for systematic data recording and was
not administered to participants as a standardized questionnaire. An English-language version of the
data collection form is provided as Additional file 3.
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Statistical analysis
Statistical analyses were performed using R version 4.3.2. Continuous variables were summarized as
mean ± standard deviation or median (interquartile range), as appropriate, and categorical variables as
number and percentage. For the treatment-success analysis, participants who developed COVID-19 after
the diagnosis of diabetes were excluded to avoid including an exposure occurring during the treatment
and follow-up period, leaving 191 participants for analysis. Continuous variables were compared
between treatment-success groups using the Wilcoxon rank-sum test, and categorical variables were
compared using Fisher’s exact test.

Factors associated with treatment success were evaluated using multivariable Firth penalized logistic
regression. Firth penalization was used because complete separation was observed in some treatment-
modality categories. The primary model included HbA1c at diagnosis, diabetes duration,
pharmacological adherence, treatment modality, and prior COVID-19 infection. Results are reported as
adjusted odds ratios (aORs) with 95% confidence intervals (CIs). Additional models including recorded
comorbidities or concomitant medication use were examined as sensitivity analyses. All statistical tests
were two-sided, and P < 0.05 was considered statistically significant.

Use of generative AI
During the preparation of this manuscript, the authors used ChatGPT (OpenAI) for English-language
editing, grammar checking, and assistance with the presentation of the statistical analyses. All AI-
assisted content was reviewed and edited by the authors, who take full responsibility for the content of
the manuscript.

RESULTS

Participant characteristics
The average age of the 211 participants in this study was 51.7 ± 10.09 years, with 37.9% (n = 80)
identifying as female. Most participants were married (87.2%, n = 184), held an education level of primary
school or below (55.5%, n = 117), were employed (59.7%, n = 126), and lived in a nuclear family setting
(79.1%, n = 167). Among the participants, 42.2% (n = 89) were current smokers, while 14.7% (n = 31) were
former smokers, with an average pack-year history of 12.66 ± 19 among current smokers. Alcohol
consumption was reported by 12.8% of participants.

The most common comorbid conditions observed were metabolic syndrome (67.8%, n = 143),
hyperlipidemia (64.9%, n = 137), and obesity (42.2%, n = 89). Additionally, 32.7% (n = 69) of participants
had hypertension, 9.95% (n = 21) had coronary artery disease, and 5.69% (n = 12) had a psychiatric
disorder.
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In terms of diabetes-related treatment, 34.1% (n = 72) were using antihypertensive medication, 53.1% (n 
= 112) were on lipid-lowering drugs, and 19.9% (n = 42) were prescribed anticoagulants.

Anthropometric measures among participants showed an average height of 167.8 ± 9.3 cm. and weight
of 84.9 ± 15.5 kg. The average body mass index (BMI) was 30.3 ± 5.4, and the average waist
circumference of 102.9 ± 14 cm. A significant portion of the group, 44.1% (n = 93), was classified as
overweight. Since the diabetes diagnosis, an average of 16 ± 11 months had elapsed. Half of the
participants (50.2%, n = 106) received their diagnosis at Kartal Dr. Lütfi Kırdar City Hospital Kaynarca
Diabetes Center. At diagnosis, the average HbA1c level was 9.4 ± 2.5, with an average fasting plasma
glucose (FPG) level of 203 ± 90.4 mg/dL. During the study, the most recent average HbA1c recorded was
7.2 ± 1.8, and the average FPG level was 135 ± 55 mg/dL. Additionally, the latest C-peptide level among
participants averaged 3.5 ± 9.6.

Table 1
Demographic and clinical characteristics of the study population (n 

= 211)
Characteristic Total (n = 211)

Age, years 51.7 ± 10.1

Male sex 131 (62.1)

BMI, kg/m² 29.3 (26.5–33.5)

HbA1c at diagnosis, % 8.9 (7.1–11.4)

Fasting plasma glucose at diagnosis, mg/dL 173 (127–263.5)

Diabetes duration, months 14.3 (6.0–25.7)

Prior COVID-19 infection 75 (35.5)

Pharmacological adherence 147 (69.7)

Treatment modality  

OAD 163 (77.3)

Insulin 8 (3.8)

OAD + insulin 33 (15.6)

No medication 7 (3.3)

Hypertension 69 (32.7)

Hyperlipidemia 137 (64.9)

Obesity 89 (42.2)
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Additional demographic characteristics, lifestyle factors, comorbidities, and concomitant medication use
are presented in Table S1.

Treatment success and associated clinical characteristics
For analyses of treatment success, 20 participants who developed COVID-19 after the diagnosis of
diabetes were excluded to avoid including an exposure occurring during the treatment and follow-up
period. Accordingly, the treatment-success analysis included 191 participants, of whom 139 (72.8%)
achieved their individualized HbA1c target according to the 2022 TEMD guideline and were classified as
having achieved treatment success, whereas 52 (27.2%) did not.

Table 2
Clinical and laboratory characteristics according to treatment success (n = 191)

Characteristic Treatment failure (n 
= 52)

Treatment success (n 
= 139)

P value

Age, years 51.5 (42.0–58.3) 52.0 (45.5–58.0) 0.622

Female sex 18 (34.6) 57 (41.0) 0.506

BMI, kg/m² 27.7 (25.3–34.4) 29.3 (26.9–33.0) 0.160

HbA1c at diagnosis, % 11.0 (9.6–12.0) 8.0 (6.8–10.7) < 0.001

Fasting plasma glucose at
diagnosis, mg/dL

233 (163–302) 154 (124–244) < 0.001

Diabetes duration, months 9.3 (3.8–19.7) 14.3 (6.8–25.1) 0.006

Pharmacological adherence 20 (38.5) 112 (80.6) < 0.001

Treatment modality     < 0.001

OAD 22 (42.3) 123 (88.5)  

No medication 0 (0.0) 6 (4.3)  

Insulin 8 (15.4) 0 (0.0)  

OAD + insulin 22 (42.3) 10 (7.2)  

Anticoagulant use 4 (7.7) 33 (23.7) 0.013

Antihypertensive use 20 (38.5) 43 (30.9) 0.388

Prior COVID-19 infection 15 (28.8) 60 (43.2) 0.096

Note: Data are presented as median (interquartile range) or n (%). Continuous variables were
compared using the Wilcoxon rank-sum test and categorical variables using Fisher's exact test. BMI,
body mass index; OAD, oral antidiabetic drug.
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Factors associated with treatment success
In the treatment-success analysis of 191 participants, those who achieved treatment success had lower
HbA1c and fasting plasma glucose levels at diagnosis and a longer duration of diabetes than those who
did not achieve treatment success. Pharmacological adherence and treatment modality also differed
significantly between the groups. Anticoagulant use was more frequent among participants who
achieved treatment success, whereas age, sex, BMI, antihypertensive use, and prior COVID-19 infection
did not differ significantly between the groups (Table 2).

In the primary multivariable Firth penalized logistic regression model, higher HbA1c at diagnosis was
associated with lower odds of treatment success (aOR 0.80 per 1% increase, 95% CI 0.66–0.97; P = 
0.022). Longer diabetes duration was associated with higher odds of treatment success (aOR 1.06 per
month, 95% CI 1.01–1.11; P = 0.010), as was pharmacological adherence (aOR 6.88, 95% CI 2.83–17.92;
P < 0.001). Compared with OAD therapy, insulin treatment (aOR 0.014, 95% CI < 0.001–0.135; P < 0.001)
and combined OAD plus insulin treatment (aOR 0.155, 95% CI 0.050–0.459; P < 0.001) were associated
with lower odds of treatment success. Prior COVID-19 infection was associated with higher odds of
treatment success (aOR 2.88, 95% CI 1.15–8.04; P = 0.023) (Table 3).

Table 3
Factors associated with treatment success in the primary Firth penalized logistic

regression model (n = 191)
Variable Adjusted OR 95% CI P value

HbA1c at diagnosis, per 1% increase 0.80 0.66–0.97 0.022

Diabetes duration, per month 1.06 1.01–1.11 0.010

Pharmacological adherence 6.88 2.83–17.92 < 0.001

Treatment modality      

OAD Reference — —

No medication 0.85 0.07–118.36 0.920

Insulin 0.014 < 0.001–0.135 < 0.001

OAD + insulin 0.155 0.050–0.459 < 0.001

Prior COVID-19 infection 2.88 1.15–8.04 0.023

Model: likelihood-ratio χ² = 85.55, df = 7, P < 0.001; n = 191.

Footnote: OR, odds ratio; CI, confidence interval; OAD, oral antidiabetic drug. Adjusted ORs were
estimated using multivariable Firth penalized logistic regression. OAD treatment was used as the
reference category. Firth penalization was used because complete separation was observed in some
treatment categories.
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In sensitivity analyses, the association between prior COVID-19 infection and treatment success
remained similar after additional adjustment for recorded comorbidities (aOR 3.34, 95% CI 1.19–10.84;
P = 0.020). After additional adjustment for concomitant medication use, the point estimate remained in
the same direction, but the confidence interval included the null (aOR 2.60, 95% CI 0.97–7.74; P = 0.059)
(Table S2).

DISCUSSION
Over the past half-century, the prevalence of diabetes has increased approximately fourfold18. The most
important factors behind that trend are obesity19, urbanization20, population aging21, environmental
factors21, 22 and genetic predisposition23. Moreover, while the most substantial increase was observed in
the regions of low- and middle-income, treatment success was considerably lower in low- and middle-
income countries3, 24. This clearly demonstrates how the burden of diabetes disproportionately falls on
socioeconomically disadvantaged populations.

The proportion of participants achieving their individualized HbA1c target was relatively high (72.8%)25.
This finding should be interpreted in the context of the study population and the definition of treatment
success. Participants were evaluated at a dedicated diabetes center, and treatment success was defined
according to individualized HbA1c targets rather than a single uniform threshold. Therefore, the
observed rate may not be directly comparable with glycemic control rates reported in broader diabetes
populations. Moreover, because treatment success was assessed cross-sectionally, the observed target
attainment does not necessarily indicate sustained glycemic control over time.

Several studies have also highlighted that the management of diabetes was uniquely affected during the
pandemic. Pandemic-related restrictions disrupted screening programs, increased sedentary lifestyles,
and led to hesitancy in routine care, all creating specific challenges in diabetes diagnosis and
management 26–28.

Obesity is the real not-yet-resolved pandemic of modern times. WHO reported in 2022 that 1 in 8 people
in the world were living with obesity29. Moreover, higher-than-optimal BMI was associated with
3.7 million deaths from noncommunicable diseases (NCDs), including cardiovascular diseases, diabetes
and cancer30 .

The COVID-19 pandemic and the associated restrictions are known to have contributed, both directly and
indirectly, to the increasing global burden of obesity31, 32. Furthermore, it is suggested that obesity may

stand as a factor that may worsen hyperglycemia in COVID-19 cases33. In the present study, participants
with prior COVID-19 infection were more frequently classified as overweight or obese than those without
prior infection (P = 0.030). However, given the cross-sectional design, the temporal relationship between
COVID-19 infection and body weight cannot be established, and this finding should be interpreted
cautiously.
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A notable finding in our study was the rate of comorbidities, with metabolic syndrome as the most
common, followed by hyperlipidemia, obesity, and hypertension. In an earlier study on diabetes
comorbidities by Akın S. and Bölük C. at the Kartal Dr. Lütfi Kırdar Internal Medicine Department34,
hypertension was the most frequent comorbidity, especially in those with a longer diabetes duration. In
contrast, the lower hypertension rate in our study likely reflects our focus on patients diagnosed within
the last three years. This suggests the importance of close monitoring to prevent hypertension-related
complications in newly diagnosed diabetes patients.

No significant differences were observed in HbA1c, FPG, and C-peptide levels between individuals with
and without prior COVID-19 infection. Studies have shown that COVID-19 infection can temporarily raise
glycemic levels due to stress and inflammation, but this increase generally does not alter HbA1c levels35.
Thus, such fluctuations alone are unlikely to lead to a diabetes diagnosis in those not otherwise at risk.
However, the stress associated with COVID-19 could potentially contribute to diabetes onset in those
with metabolic or genetic predispositions.

Systematic reviews and meta-analyses indicate a higher likelihood of diabetes diagnosis following
COVID-19 infection36, 37. However, most of these studies are either community-based, hospital database-
based, or conducted with hospitalized patients, often without specifying diabetes type. Factors like
corticosteroid use and socioeconomic status are also generally unstandardized. While it is suggested
that COVID-19 might lead to diabetes through pancreatic beta-cell damage38, it remains unclear to what
extent this occurs or what type of diabetes may result.

Pandemic restrictions led to specific conditions affecting diabetes diagnosis, monitoring, and treatment
39, creating a variation in regular care. In the present study, higher HbA1c at diagnosis was associated
with lower odds of treatment success, whereas longer diabetes duration and pharmacological
adherence were associated with higher odds of success. Insulin-based treatment was associated with
lower odds of success than OAD therapy, although this likely reflects differences in disease severity and
treatment indication. Pharmacological adherence emerged as the strongest modifiable factor
associated with treatment success. Future studies should investigate whether pandemic-related
disruptions in follow-up and diabetes care affected adherence and explore strategies to maintain
treatment continuity during future healthcare crises.

Unexpectedly, prior COVID-19 infection was associated with higher odds of treatment success in the
primary model (aOR 2.88, 95% CI 1.15–8.04). This association persisted after adjustment for recorded
comorbidities but was attenuated after additional adjustment for concomitant medication use (aOR
2.60, 95% CI 0.97–7.74). Therefore, this finding should not be interpreted as a beneficial effect of COVID-
19. Differences in clinical characteristics, healthcare contact, or follow-up intensity may have contributed
to the observed association, although these factors were not directly measured.

In the expanded sensitivity model, anticoagulant use was associated with higher odds of treatment
success. Although anticoagulant therapy was frequently used during the COVID-19 era, this finding
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should not be interpreted as a beneficial effect of anticoagulation on glycemic control. Anticoagulant
use may instead reflect differences in comorbidity burden, clinical surveillance, or healthcare contact.
Thus, this association should be considered exploratory and warrants further investigation.

This study has several limitations. First, its single-center, cross-sectional design and relatively modest
sample size limit the generalizability of the findings and preclude causal inference. Some treatment and
comorbidity subgroups were small, resulting in sparse data and imprecise estimates despite the use of
Firth penalized logistic regression.

Second, treatment success was defined by achievement of individualized HbA1c targets. Although
HbA1c remains a central measure of glycemic control, contemporary diabetes management increasingly
emphasizes broader outcomes beyond HbA1c alone, including hypoglycemia, glycemic variability, weight
management, cardiovascular and renal outcomes, and patient-centered measures40, 41 .

Moreover, the cross-sectional assessment reflects target attainment at a particular point in time rather
than sustained treatment success over time. Healthcare utilization, follow-up intensity, and screening
frequency were not directly measured, limiting our ability to explain the unexpected association between
prior COVID-19 and treatment success. This association was also sensitive to model specification and
should therefore be interpreted cautiously. Residual confounding from unmeasured clinical and
behavioral factors cannot be excluded.

Finally, changes in COVID-19 diagnostic practices during the pandemic may have affected the
classification of prior infection.

This study provides a unique contribution to the literature by examining factors influencing treatment
success and exploring the relationship between COVID-19 infection and type 2 diabetes in individuals
diagnosed and monitored during the pandemic. Notably, the study began after the pandemic had
concluded and intentionally excluded participants using corticosteroids, which might otherwise
confound results. Its value lies in the detailed assessment of comorbidities, medication histories,
lifestyle factors, and sociodemographic characteristics of participants.

CONCLUSION
In conclusion, treatment success in adults diagnosed with type 2 diabetes during the COVID-19
pandemic was strongly associated with pharmacological adherence and baseline glycemic status.
Although prior COVID-19 infection showed an unexpected association with treatment success, this
finding was sensitive to model specification and should not be interpreted causally. These findings
emphasize the importance of early identification, sustained treatment adherence, and continuous follow-
up in diabetes care, particularly during periods of healthcare disruption. Given the high prevalence of
type 2 diabetes and the need for long-term, accessible care, primary care is particularly well positioned
to support regular monitoring, reinforce treatment adherence, and maintain continuity of diabetes
management during both routine care and future healthcare crises.
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