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Abstract

Background: The short-term impacts of COVID-19 in diabetes are still unknown as well. When glycemic improvement is followed by
renal stabilization in a patient after treatment of COVID-19 infection. Objective: To evaluate three-month glycemic and renal trajectories
following COVID-19 infection and to identify predictors of persistent poor glycemic control. Methods: This retrospective real-world
cohort study included 301 adults with diabetes and confirmed COVID-19 infection. Baseline measurements were obtained at the first
post-COVID clinical assessment, and follow-up measurements were recorded approximately three months later. Paired t-tests assessed
within-subject changes in HbAlc, fasting plasma glucose (FPG), and serum creatinine. McNemar’s test evaluated shifts in glycemic
control category (HbA1c<8%). Multivariable linear and logistic regression analyses identified predictors of glycemic change and
persistent poor control. Effect sizes were calculated using Cohen’s d. Results: HbAlc was significantly decreased (9.08+2.22% to
8.4342.04%. FPG was reduced (51mg/dL; p<0.001). The creatinine level remained similarly in line but slightly rose in diabetic patients
at 3 months of chronic comorbidity (+ 0.094mg/dL; p=0.001), an indication of metabolic-renal divergence. Significant improvement of
the glycemic control category was observed as well (p<0.001). Conclusion: Three months after COVID-19 treatment, there was a positive
correlation between glycemic control and glucose decline, along with a reasonable renal outcome. This clearly illustrates an acute need
for early cardiometabolic care after infection.

Keywords: COVID-19; Cohort study; Diabetes mellitus; Glycemic control; Renal function; Therapeutic inertia.
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INTRODUCTION metabolic and renal trajectory are still lacking [2-4]. The
inertia of the therapy (failure to achieve treatment
response when glycemic targets are not met or failure to
respond) in diabetes management is still prevalent. After
the virus is no longer infectious, there might be more
complications in treatment coordination because of its
infection that led to worsened glycemic control, which
could result in increased difficulty in managing diabetes
effectively and addressing related health issues [5,6].
Importantly, renal involvement has been reported in

As global morbidity and mortality depend on diabetes
mellitus, both microvascular and macrovascular
morbidity are still associated with diabetes mellitus. The
COVID-19 pandemic included systemic inflammation,
corticosteroid exposure, healthcare disruption, and
reduced care access [1]. There is recent evidence that
COVID-19 could further cause diabetes to fail to be cured
by glycemic instability, but longitudinal measurements of
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diabetic patients following COVID-19 infection in prior
years. It is uncertain whether glycemic parameter
improvements are faster than renal parameter
improvements in diabetic patients. If metabolic and renal
trends are divergent, how to treat diabetes with less blood
sugar or, in particular, diabetes with a more accurate
diagnosis will be important [7-9] in the future. In this
respect, we proposed to estimate glycemic parameter
improvements and renal marker changes in the short
duration (3 months) following COVID-19 infection and,
therefore, to search for signals of chronic dysregulation.

METHODS
Study design and setting

The retrospective real-world cohort study was performed
at a major diabetes center in Baghdad, Iraq. The records
of patients with COVID-19 from January 2020 to
December 2021 were taken and simultaneously evaluated
as patients with COVID-19 diagnosed, and 301 patient
records were analyzed for inclusion criteria. Baseline
laboratory measurements were obtained during routine
follow-up after COVID-19 infection. No exact timing
between diagnosis and baseline assessment was given,
but it seems that these measurements would be a reliable
indication of the recovery phase, such as post-acute
recovery. However, the lack of the exact timing from
COVID-19 diagnosis and baseline assessment can
generate temporal variability. Figure 1 shows the patient
selection and inclusion process.

Patients assessed for eligibility
(Jan 2020-Dec 2021)
n = 320

Excluded (n =19)
* Missing paired HbAlc or follow-up data
* Incomplete records
+ ESRD on dialysis

Final study population included
n =301

Inclutd in:

« Paired analysis (n = 301)
* Linear regression (n = 301)
» Logistic regression (n = 301)

Figure 1: Flowchart of the study.

Baseline and follow-up data

We defined baseline measurements as the first data
(medicinal and laboratory) that were taken after the
COVID-19 diagnosis in diabetes follow-up at the local
diabetes center. Follow-up measurements were made
with laboratory results approximately three months (£2
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weeks) after baseline. Although all of the patients were
gathered over a period of one year (2020-2021), each
patient contributed paired measurements spanning a
three-month post-COVID interval in the literature. We
considered glycemic control based on current guidelines
around diabetes treatment [10]. Each patient is recorded
on body mass index (BMI), hypertension, use of statins
(ACEI/ARBSs), and treatment group (no medicine, oral
hypoglycemic agent, insulin, or combination therapy).

Inclusion criteria

Adults (>18 years of age) with known diabetes mellitus
and documented COVID-19 infection were allowed,
provided the baseline and three-month interval
measurements for HbA ¢, fasting plasma glucose (FPG),
and serum creatinine were available.

Exclusion criteria

As a consequence, those patients were eliminated if they
had end-stage kidney disease requiring dialysis at
baseline, were missing paired outcome data or pregnancy
during the trial period, or were missing key clinical
records for regression adjustment.

QOutcome measurements

HbAlc (%) at baseline (HbAlcl) and 3 months follow-
up (HbAlc2). Fasting plasma glucose (FPG, mg/dL) at
baseline (FPG1) and follow up (FPG2). Serum creatinine
(mg/dL) at baseline (Creatininel) and follow-up
(Creatinine2). AHbAlc = HbAlc2 — HbAlcl. AFPG =
FPG2 - FPGLI. A Acreatinine = Creatinine2 - Creatininel.
Glycemic control in both cases was determined as
controlled (HbA1c < 8%) or uncontrolled (HbAlc > 8%).
The regression model used baseline HbAlc as an
important covariate because it is widely used to predict
glycemic change. The creatinine was initially recorded in
samples as pmol/L but then converted to mg/dL to
monitor the renal function of the skin of the man. Renal
function was further evaluated wusing estimated
glomerular filtration rate (eGFR), calculated using the
CKD-EPI equation.

Ethical considerations

This retrospective study was conducted on anonymized
clinical record data. Ethical approval was issued from the
Institutional Research Ethics Committee of Al-Nahrain
University—College of Pharmacy, Baghdad, Iraq. We
were able to design and use the de-identified data without
written informed consent from the ethics committee.

Statistical analysis

Continuous variables were indicated as mean + standard
deviation (SD) and categorical factors as frequency and
percentage. On the condition of complete case data
(n=301). We measured paired differences using Shapiro-
Wilk tests. To test the relative magnitude and reliability
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of these differences, we used paired t-tests to examine the
differences between HbAlc, FPG, and serum creatinine
within subjects. The effect sizes were calculated for
paired samples using Cohen's d. Changes in glycemic
control category were evaluated using McNemar's test.
One-way ANOVA was conducted to compare follow-up
HbA 1c of the groups. We used Levene's test to assess its
homogeneity. The size of the effect that follows is n*
Different data were analyzed from linear regression by
using AHbAlc as the dependent. The covariates were
baseline HbAlc, BMI, hypertension, statin use, and
ACEI. VIF (variables are inflation factors) was used for
multi-reliance regression to measure multicollinearity.
The fit for the model was obtained with adjusted R2. We
applied binary regression for predictors of continued
poor glycemic control for 3 months, at which high
HbA 1c was predicted. Adjusted odds ratios (aOR) were
presented for all three parameters and 95% confidence
intervals (CI) of the two-thirds and 90% estimated levels
of treatment (CI-P&C). We also undertook simulation of
the model using the Hosmer-Lemeshow test on different
instruments and found good agreement. All statistical
tests were two-sided, with p < 0.05 being considered
statistically significant. SPSS version 26 (IBM Corp.,
Armonk, NY, USA).

RESULTS

The clinical characteristics were examined in a three-
month follow-up study in which 301 patients fulfilled our
eligibility criteria and were included in the study. At both
baseline and follow-up, all participants had paired
laboratory observations. Baseline clinical characteristics
are summarized in Table 1. HbAlc was 9.08 +2.22% and
at follow-up in this case 8.43 + 2.04%, a mean value of A
95% CI= 0.49 to -0.82; t=7.81 and Cohen’s d= 0.45.
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Table 1: Baseline clinical characteristics and laboratory parameters of
the study population (n=301)

Variable Value
Demographic characteristics
Age (year) 57.60+£10.96
Male sex 157(52.2)
BMI (kg/m?) 30.19+5.44
Comorbidities and medications
Hypertension 59(19.6)
Statin use 81(26.9)
ACE inhibitor use 17(5.6)
ARB use 8(2.7)
Treatment Distribution
No medication 5(1.7)
OHA only 212(70.4)
Insulin only 24(8.0)
OHA + Insulin 59(19.6)
Laboratory parameters
HbAc at baseline 9.08+2.22
HbAlc at 3 months 8.43£2.04
FPG at baseline (mg/dL) 211.98+84.84

FPG at 3 months (mg/dL)
Serum creatinine at baseline (mg/dL) 0.62+0.43
Serum creatinine at 3 months (mg/dL) 0.72+0.45

160.96+56.86

Data are presented as meantSD or number (percentage). OHA: oral
hypoglycemic agents; ACEI: angiotensin-converting enzyme inhibitor;
ARB: angiotensin receptor blocker; FPG: fasting plasma glucose.

In contrast, serum creatinine increased slightly from 0.62
+ 0.43 mg to 0.72 = 0.45 mg/dL (A +0.094 + 0.176
mg/dL; t=-9.23; p<0.001; Cohen's d= 0.53). In Table 2,
there were significant decreases in HbAlc and FPG and
hence a relatively large effect size (Cohen's d= 0.45 to
0.73), whereas in serum creatinine it was the other
extreme. In eGFR, eGFR decreased slightly, from 92.4 +
18.6 to 87.1 £ 17.9 mL/min/1.73 m?> (p< 0.001),
suggesting a statistically significant though clinically low
impact.

Table 2: Paired changes in metabolic and renal parameters over three months (n=301)

Parameter Baseline After 3 months Mean Difference 95% CI p-value Cohen’s d
HbAlc (%) 9.08+2.22 8.43+£2.04 —0.65+1.45 —0.82 to —0.49 <0.001 0.45
FPG (mg/dL) 211.98+84.84 160.96+56.86 —51.02+70.11 —58.96 to —43.08 <0.001 0.73
Creatinine (mg/dL) 0.7+0.49 0.81+0.51 0.11+0.2 0.09 t0 0.13 <0.001 0.53
eGFR (mL/min/1.73m?) 92.4+18.6 87.1£17.9 —5.349.2 —6.4t0—4.2 <0.001 0.57

Values represent mean+SD. Differences were assessed using paired t-tests. CI: confidence interval; SD: standard deviation. Values are presented as mean
+ SD. Differences were assessed using paired t-tests. Serum creatinine values were originally recorded in pmol/L and converted to mg/dL for analysis.
eGFR was estimated according to the CKD-EPI equation. CI: confidence interval; SD: standard deviation.

Table 3 shows significant change in glycemic control
category (McNemar y*>= 18.97, p<0.001) where 79
patients are now in control, whereas others have changed
their status from uncontrolled to controlled or vice versa.

Table 3: Shift in glycemic control category (HbAlc < 8%)
Follow-up Follow-up

Controlled Uncontrolled stz
Baseline Controlled 72 18 90
Baseline Uncontrolled 79 132 211
Total 151 150 301

McNemar x* = 18.97, p< 0.001. Controlled defined as HbAlc < 8%.
McNemar’s test was used to evaluate within-subject category shifts.
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A large proportion of previously uncontrolled patients
are achieving HbAlc of less than 8 percentage points
post-interventions. As shown in Table 4, the effect size
with subsequent treatment was very small (n? = 0.040),
indicating no meaningful variation in HbAlc between
groups after interventions. HbAlc from baseline was a
clear independent predictor of glycemic control with a
larger decrease from baseline (B= —0.58, p< 0.001).
Hypertension was independently associated with a lower
likelihood of persistent poor glycemic control for the
linear regression case (adjusted OR: 0.214-95%; CI:
0.079-0.579; p=0.002).
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Table 4: One-Way ANOVA — Follow-up HbAlc according to treatment
group

Mean

Source df F p-value
Square
Treatment group 3 32.92 4.12 0.007
Residual 297 7.97 — —

Effect size: n?> = 0.040. One-way ANOVA was used. 1> represents eta
squared effect size. Treatment groups were coded as: 0 =no medication;
1 = OHA; 2 = insulin; 3 = OHA + insulin.

In the linear regression model (Table 5), none of the
covariates predicted the value of AHbA 1c independently.
The model was moderately explanatory (R>=0.194), and
the logistic model was modestly explanatory (Nagelkerke
R?=0.044), as shown in Table 6.

Table 5: Multiple linear regression — Predictors of AHbAlc. Outcome:
AHbAIc (HbAlc2 — HbAlcl)

Predictor B 95% CI p-value
Intercept -1.422 —2.416 to —0.428 0.005
Baseline HbAlc (%) —0.58 —0.72 to —0.44 <0.001
BMI 0.025 —0.008 to 0.058 0.139
Hypertension —0.086 —0.734 to 0.562 0.794
Statin use 0.028 —0.386 to 0.442 0.894
ACEI use 0.040 —0.053 to 0.132 0.397
ARB use —0.260 —1.521 t0 1.001 0.685

B: unstandardized regression coefficient. Model adjusted R? = 0.194,
indicating that 19.4% of the variance in AHbA 1c was explained by the
included covariates. B represents unstandardized regression
coefficients. Model assumptions were verified and multicollinearity
was assessed using variance inflation factors (VIF). VIF values were <
2, indicating no multicollinearity.

Table 6: Logistic regression analysis for predictors of poor persistent
glycemic control at three months (HbAlc > 8%)

Predictor Adjusted OR 95% CI p-value
Intercept 0.894 0.226 —3.538 0.873
BMI 1.017 0.971 - 1.064 0.484
Hypertension 0.214 0.079 - 0.579 0.002
Statin use 1.069 0.600 — 1.905 0.821
ACEI use 1.089 0.957 - 1.240 0.198
ARB use 2.291 0.387 — 13.551 0.361

OR: odds ratio; CI: confidence interval. Model calibration was
evaluated using the Hosmer-Lemeshow test. Nagelkerke R? = 0.044.
Model calibration was assessed using the Hosmer—Lemeshow test.

DISCUSSION

This real-world cohort study of 301 diabetic patients who
became infected with COVID-19 demonstrated
significant improvements in glycemic parameters over
three months following diagnosis of the disease. In
contrast, renal indices showed a modest but statistically
significant increase, indicating an imbalance when they
come to terms with metabolism and renal function as a
mechanism of impairment. During the study period of 3
months, mean creatinine was statistically significant in
both creatinine per cell and eGFR, but it has not
deteriorated from there, and the renal function changes
are small and within healthy ranges [11]. These results
align with recent evidence showing that post-COVID
renal change is mild and reversible in non-critical
populations. The lack of precise timing between COVID-
19 diagnosis and baseline assessment may introduce
temporal variability, which should be considered when
interpreting the findings. The low HbAlc (—0.65%) and
fasting plasma glucose (=51 mg/dL) results indicate that
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our body has stabilized. Moderate to large effect sizes are
indicative of the clinical relevance of what it has been
effective for. Despite that high mean BMI (30.19 kg/m?),
a significant part of the patients were poorly controlled
by the drugs. There is still significant chronic obesity and
disecase resistance to treatment at the diabetes
management level [5,12]. In a multivariable linear
regression, no independent predictors significantly
contributed to the AHbA1c magnitude of data in a very
smooth distribution. This was expected to take about
19.4% of glycemic change out of the total difference due
to those covariates (adjusted R?> = 0.194). This would
suggest that in general, long-term metabolic effects post-
COVID-19 are controlled by unspecific metabolic
aspects beyond typical clinical and behavioral factors as
described earlier [13,14]. We found that based on binary
logistic regression (0.044), and in reality, in real life for
epidemiology, it is not true. The nominal pseudo-R? in
our models is quite low and does not suggest poor
predictive power but indicates the relevance and
legitimacy. Despite limited variance in the model,
hypertension is found to be an independent factor of the
persistently poor glycemic control rate. This could be
linked to an issue relating to the engagement in
healthcare, cardiovascular risk monitoring, and drug
severity in hypertensive patients over time. A few other
reasons for this include: First, hypertensive patients
frequently receive more extensive healthcare and more
care for cardiovascular risk factors. By better attaining
compliance with medicines, glycemic outcomes may be
enhanced. Additionally, many hypertensive patients take
ACE inhibitors or ARBs, which have been believed to
have positive metabolic or renal hemodynamic effects
under consideration. Third, increased physician vigilance
in patients with multiple comorbidities may help reduce
inertia to therapeutic treatment and enhance efficiency
[11]. This was in agreement with the perspective that
high-health-care intensity and organized follow-up can
prevent poor glycemic findings in subgroups of
cardiometabolic patients. It reinforces the need for
integrated, overall cardiometabolic therapy rather than
different types of glycemic care by targeting distinct
individuals. Multiple linear regression that took into
account different groups' AHbAlc was able to find no
significant difference in the rate of change (e.g., overall
gain of glucose, with a more uniform profile at the end of
the acute post-COVID study instead of focusing on some
individuals' responses). Due to data limitations,
treatment categories were classified into broad groups
and may take into account some heterogeneity of modern
antidiabetic  drugs, which could influence the
understanding of the treatment effects [13—14]. All of this
led to a greater metabolic-renal gradient with the increase
in serum creatinine but also increased renal vulnerability
in glucose patients as well as in high-grade blood
pressure patients with COVID-19, and the renal
responsiveness was not adequately assessed or
documented when glucose was not raised. COVID-19-
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related endothelial failure, inflammatory activity, and
hemodynamic changes could give rise to subtle renal
vulnerability even if glycemic rates start to improve in
diabetic patients [15] for their continued follow-ups.
Glycemic surveillance should be on track and monitored
as per the hypertension/diabetes patients' health status,
and one should monitor both. RAAS blockades may have
indirect metabolic effects that can influence glycemic
progression, potentially leading to improved outcomes in
diabetic patients who are also managing hypertension [7-
9,16]. This finding should be interpreted with caution, as
it may indicate disparities in healthcare utilization rather
than a genuine protective effect of hypertension. Our
findings also support evidence of residual renal
vulnerability after COVID-19, with a systematic
assessment showing that kidney function remained
impaired even when metabolic improvement was
observed. The study showed statistical significance, but
changes in renal parameters were relatively small,
suggesting limited clinical impact. This is indicative that
we should not lose sight of such findings and that
observational studies need to be interpreted more
realistically [17,18]. In addition, we have also
demonstrated systematic clinical pharmacy
pharmacotherapy of diabetes in real-world settings to
lower systemic inertia and enhance diabetes outcomes
[19,20]. This fact deserves care, especially because it
could simply reflect health disparities in healthcare
utilization as well as a rather lower protective effect of
hypertension. From a health pharmacy point of view, our
findings confirm effective drug use of structured
pharmacotherapy via structured drug inventory and risk
stratification, and enhanced therapy is needed. The
difference in fasting glucose improvement and persistent
elevation in HbAlc could indicate the underlying
glycemic variability or postprandial hyperglycemia not
captured by single-point examinations. The improvement
in glycemic control also supported findings from recent
post-COVID studies suggesting that increased clinical
attention, treatment intensity, and patient symptom
changes after infection might all promote improved
glycemic control. However, the persistence of poor
control in a significant number of patients indicates long-
standing therapeutic hurdles in the treatment delivery,
which may include factors such as inadequate patient
education, limited access to healthcare resources, and the
need for more personalized treatment plans. With these
important results, there may need to be integrated post-
COVID follow-up measures that address glycemic
control and renal monitoring. Early therapeutic
optimization and continued renal screening and
surveillance may be critical, even for patients who are at
higher risk for an increased glycemic response in the
future.

Study Limitations

This study has a few limitations: first, the retrospective
single-center design is not widely applicable to other
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diabetic populations. Second, the follow-up period is
three months, which can only provide an overall general
picture of metabolic pathways and renal functions in
patients with COVID-19. Third, although the renal
function of the patients depends on both serum creatinine
and estimated glomerular filtration rate, it comes under
group-level assumptions as available data for individuals
is not. Finally, clinical outcomes such as treatment
initiation, duration of diabetes, compliance with
medication, and other lifestyle measures are less
accurately observed and hence could not be directly
attributed to how effective treatment is. Finally, any
residual confounding even in the multivariable model
cannot be removed, particularly given the modest
explanatory power that the logistic model has.

Conclusion

In this real-world setting on diabetic adults, glycemic
improvement was achieved after COVID-19 infection
over three months of treatment (medicine-induced
changes were significant, and the eGFR change was
clinically insignificant). These findings suggest that early
post-COVID metabolic stabilization does not result in a
successful renal recovery a few months post-infectious.
This result may imply that there are remaining
therapeutic gaps and/or the early maintenance of the
glucose profile on their kidney that can cause delay in
treatment escalation and renal monitoring in patients who
recovered from COVID. Structured and integrated
cardiometabolic follow-up strategies are needed while
monitoring glucose levels for diabetic patients recovering
from COVID-19.
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