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Introduction: Statins have been implicated in poor glycemic control among patients with diabetes mellitus (DM), prompting the
US Food and Drug Administration (FDA) to update warning labels on all statins to reflect the risk of increased blood glucose
levels. However, few studies from sub-Saharan Africa have assessed this concern. This study investigated the effects of statins
on glycemic control among patients with Type 2 diabetes mellitus (T2DM) in Kilimanjaro, northeastern Tanzania.

Materials and Methods: This was a hospital-based retrospective cohort study evaluating changes in glycated hemoglobin (HbA, )
at 1-3, 7-12, and 19-24 months, as the primary outcome, comparing statin users and nonusers among T2DM patients attending
DM clinic at Kilimanjaro Christian Medical Centre in Tanzania. Binomial regression models were fitted to calculate adjusted risk
ratios for independent predictors of a >0.2% rise in HbA, , with statistical significance set at p < 0.05.

Results: Out of 122 patients, 51 (41.8%) were on statin therapy. Among these, 46 (90.2%) were prescribed atorvastatin. Statin
users had an increase of mean HbA,_ from 10.6% +2.7% at baseline compared to 11.6% +2.8% at 1-3 months (p =0.114),
followed by a decrease to 10.1% +2.2% at 7-12 months (p=1.0), and 10.0% +2.5% at 19-24 months (p =1.0). However,
atorvastatin users (n = 46) had a significant increase of mean HbA,_ from 10.7% +2.8% at baseline compared to 11.9% +2.7%
at 1-3 months (p = 0.04). In contrast, nonstatin users had a consistent and significant decrease in HbA_ from 11.3% + 2.8% at
baseline compared to 9.7% +2.2% at 1-3 months (p=0.001), to 9.7% + 2.6% at 7-12 months (p=0.011), and to 9.3% +2.2%
at 19-24 months (p =0.001).

Conclusion: Statin therapy among patients with T2DM was associated with short-lived worsening of glycemic control at 1-3
months posttherapy.
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1. Introduction

Statins, or 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors, have been widely used since 1982
to manage dyslipidemia and reduce the risk of atherosclero-
tic cardiovascular diseases (ASCVDs) [1]. Statins are among
the most prescribed lipid-lowering agents due to their
proven efficacy, safety, and tolerability [2]. However, statins
have been associated with adverse effects such as myopathy,
and growing evidence suggests a potential impact on glyce-
mic control [3-5].

Statins are broadly classified into two types based on
their solubility: lipophilic (e.g., atorvastatin) and hydrophilic
(e.g., rosuvastatin) [6]. Both types inhibit HMG-CoA reduc-
tase, the rate-limiting enzyme in hepatic cholesterol synthe-
sis [7]. This inhibition upregulates low-density lipoprotein
cholesterol (LDL-C) receptors on hepatocytes, thereby
enhancing LDL-C clearance from plasma and promoting
cholesterol conversion to bile acids [8]. Beyond lipid-lower-
ing, statins have additional benefits in preventing ASCVD by
maintaining plaque stability, reducing inflammation, pre-
venting thrombus formation, and inhibiting endothelial
dysfunction, particularly in patients with T2DM [1, 9].

Despite strong evidence supporting the use of statins
on preventing ASCVD [10, 11], their impact on glycemic
control remains controversial [12]. Some studies report
significant improvement on glucose levels [13], while
others raise concerns about increased risk of worsening
glycemic control, and new onset T2DM [14-16]. Notably,
the JUPITER trial suggested that statins may modestly
increase blood glucose levels and HbA,. potentially by
impairing insulin secretion. However, the overall benefits
on ASCVD outweighed the risks of DM [3, 17, 18]. In
2012, the US FDA issued a label update for statins, warn-
ing of possible increase in fasting blood glucose (FBG) and
HbA, levels [19].

While statins offer well-established cardiovascular bene-
fits [20], their impact on glycemic control is a topic of debate
[14]. Hyperglycemia contributes to endothelial damage
through nonenzymatic glycation of proteins, a key initiating
step in the development of atherosclerosis, and an indepen-
dent risk factor for both micro- and macrovascular compli-
cations [21]. Notably, the link between poor glycemic
control and DM-nephropathy remains unclear, and it is
unclear whether statins—despite their pleotropic benefits—
modify this risk [22, 23].

A 1% increase in HbA,_ is associated with a 14% higher
risk of myocardial infarction and a 21% increase in diabetes-
related deaths [24]. The burden of T2DM complications and
premature deaths is disproportionately high in low- and
lower-middle-income countries, where three out of four
adults have T2DM. In 2021 alone, these regions accounted
for ~5.3 million diabetes-related deaths [25]. In Tanzania,
limited resources for primary and secondary prevention
contributes to a rising disease prevalence—from 472,900
cases in 2011 to 2.9 million cases in 2021—with an estimated
prevalence of 12.3% [25], and approximately 50% of people
with T2DM had at least one diabetes-related complica-
tion [26].
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Most literature on statins and glycemic control origi-
nates from high-income countries, with limited data from
sub-Saharan Africa. Genetic polymorphisms between the
two populations—particularly apolipoprotein E variants ¢,
and &;, which are more common in people of African
ancestry—may influence cholesterol metabolism, adipo-
nectin levels, statin responsiveness, and insulin sensitivity
[27, 28], highlighting the need for population-specific
research. In Tanzania, the effect of statins on glycemic
control remains unclear.

This study aimed to assess the effects of statins on glyce-
mic control in T2DM patients at KCMC hospital in Tanza-
nia, in consideration of the type, dose, and duration of statin
therapy, as well as other associated risk factors in a routine
primary care setting.

2. Materials and Methods

2.1. Study Design and Setting. This was a hospital-based ret-
rospective cohort study undertaken between October 2023
and May 2024, among patients with T2DM who attended
the diabetes clinic at KCMC hospital in northeastern Tanza-
nia, between January 2019 and May 2024.

Patients were enrolled based on predefined eligibility
criteria and followed up for 24 months. Inclusion criteria
included adults aged >18 years with a confirmed diagno-
sis of T2DM for at least 12 months before enrollment,
who had not received statin therapy in the preceding 6
months and maintained the same type of statin through-
out the study period. T2DM diagnosis was confirmed
using at least two readings of either FBG >7 mmol/L,
random blood glucose (RBG) > 11.1 mmol/L, or HbA, >
6.5% [10].

Exclusion criteria excluded patients with estimated glo-
merular filtration rate (eGFR) below 45mL/min/1.73 m?,
due to potential glycemic improvement [29]; systemic
steroid use and polycystic ovarian syndrome, both impair
insulin sensitivity and elevate plasma glucose; pregnancy,
hemoglobin < 11 g/dL, or human immunodeficiency virus
(HIV), all are high turnover states affecting HbA,_ accuracy
[10]; and chronic liver disease due to impaired statin elimi-
nation and risk of drug accumulation [30].

Based on existing literature the mean change in HbA_
was 0.35% in the exposed, this study expected a mean
change in HbA, . of 0.2% in the exposed, with standard devi-
ation (SD) of 2 [3, 31]. A significance level (Z constant) of
0.05 was used. Accounting for 25% attrition, the study deter-
mined the total sample size of 128 would suffice with the
power of the study above 80% [32].

This study was initially planned for two years 2021-
2023, but due to missing data of key variables, such as HbA,
and lipid profile during follow-up, enrolment was extended
from 2019-2024. Data from the Preventive Treatment of
Latent Tuberculosis Infection in People with Diabetes
Mellitus (PROTID) [33] were used as a second data source
for quality control and missing HbA, . at 1-3 and 7-12
months for 38 of the patients who concurrently had been
attending the DM clinic at KCMC.
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2.2. Operational Definitions. Hypertension was defined as
systolic blood pressure (SBP) > 140 mmHg and/or diastolic
blood pressure (DBP) > 90 mmHg measured on two separate
occasions of at least 6 h apart [34].

Dyslipidemia was defined as one or more of the follow-
ing lipid abnormalities: total cholesterol > 5.2 mmol/L, high
— density lipoprotein cholesterol (HDL-C) < 1.0 mmol/L,
and LDL-C > 3.4 mmol/L [11].

CKD was defined as eGFR < 45 mL/min/1.73 m? calcu-
lated using the modification of diet in renal disease (MDR)
equation [35].

Body mass index (BMI) was categorized as underweight
(<18.5 kg/mz), normal (18.5-24.9 kg/mz), overweight (25.0—
29.9kg/m”), or obese (>30kg/m?) [36].

Anemia, for the purpose of this study, was defined as
hemoglobin < 11 g/dL [37].

Chronic liver disease was defined as a progressive deteri-
oration of liver synthetic and metabolic functions for more
than 6 months [38].

2.3. Participant Recruitment. Participants were retrospec-
tively identified using the electronic hospital data manage-
ment system and the diabetes clinic attendance registry. A
total of 8051 patients with T2DM, who attended the clinic
between January 2019 and May 2024 were initially
screened. Using systematic random sampling (1:4), every
fourth patient record was selected, resulting in 2010
records. Of these, approximately 50% (1020 patients)
had at least 2 years of cumulative follow-up and were
included for further review.

Among these, 95.2% had at least one HbA,_ record,
47.1% had two, and 39.5% had three or more HbA, _ records
beyond the baseline. Of the 403 patients (39.5%) with three
or more HbA,_ records, 202 were documented as having
been prescribed a statin.

From this group, 51 patients who met the inclusion
criteria were randomly selected as the exposed group (statin
users). They were matched to 71 unexposed patients
(nonstatin users) at a ratio of ~1:1.4 based on key baseline
characteristics. Matching variables included age (+5 years),
BMLI, baseline HbA, , blood pressure, and presence of comor-
bidities such as hypertension. Matching was performed man-
ually using the patients’ database, with efforts made to
ensure similarity of variables across groups. Balance between
the two groups was assessed by descriptive statistics prior to
follow-up. All participants were followed for 24 months, with
data extracted at baseline and at intervals of 1-3, 4-6, 7-12,
13-18, and 19-24 months after initiation of statin therapy.

2.4. Data Collection. Data collection was conducted using
SurveyCTO v2.80, an open-source digital tool designed for
both mobile and computer-based data collection. The
designed questionnaire was uploaded and administered by
trained personnel. Participants’ hospital registration num-
bers were used to retrieve electronic medical records. This
included demographics (age, sex, marital status, education
level, employment, and place of residency), anthropometric
data (weight, height, and BMI), vital signs (blood pressure
and blood glucose), and clinical history, including family

and social risk factors (alcohol use, smoking, and family his-
tory of DM).

T2DM-related data—such as duration of disease, antidi-
abetic medications, statin therapy details (type, dose, and
duration of therapy), and comorbidities (hypertension and
obesity) were also extracted. Laboratory parameters of inter-
est included HbA, , serum LDL-C, total cholesterol, HDL-C,
and serum creatinine.

Baseline data were recorded prior initiation of statin ther-
apy. Follow-up measurements were subsequently extracted at
defined intervals post-initiation: 1-3, 4-6, 7-12, 13-18, and
19-24 months.

2.5. Exposure and Outcome. The primary exposure variable
was initiation of statin therapy. The primary outcome was
worsening glycemic control defined as an increase in
HbA,. of >0.2% at 1-3, 7-12, and 19-24 months from
baseline [31].

Secondary outcomes were (1) change in HbA,_ in rela-
tion to statin type, dose, and duration, (2) predictors of
>0.2% rise in HbA,_, and (3) proportion of patients who
experienced >0.2% rise in HbA_ at 1-3 and 7-12 months.

2.6. Data Processing and Analyzing. After inspection for
completeness, the collected data were cleaned, edited, coded,
and exported in Excel format. Data were then analyzed using
STATA Version 17 and SPSS Version 26. Due to substantial
missing data, follow-up intervals at 4-6 and 13-18 months
were excluded from the analysis. Data normality was assessed
using visual inspection of histograms, measure of central
tendency and dispersion, and Q-Q plots.

Continuous variables were summarized as means (+ SD)
and median with interquartile range (IQR). Categorical
variables were summarized as frequencies and percentages.
Baseline sociodemographic and clinical characteristics between
statin users and nonusers were compared using independent
sample t-tests for continuous variables and chi-square tests
for categorical variables.

HbA, _ levels were compared within and between groups
(statin users vs. nonusers; then atorvastatin vs. rosuvastatin
vs. nonusers) at baseline, 1-3, 7-12, and 19-24 months using
a mixed analysis of variance (ANOVA), with Games-Howell
post hoc tests to adjust for unequal variances. Thereafter, we
assessed the difference in mean difference (MD) between
statin users and nonusers by independent sample ¢-test.

The risk of a >0.2% rise in HbA_ at follow-up intervals
between statin users and nonusers was analyzed using bino-
mial regression. Independent variables that were associated
with a >0.2% rise in HbA,_ on the bivariate analysis with
(p <0.2) were included in the multivariate binomial regres-
sion model. These included statin use status, gender, smok-
ing status, BMI, hypertension, employment status, and
baseline HbA, .. Adjusted risk ratios (aRRs) and 95% confi-
dence intervals (CIs) were calculated for 122 subjects.

3. Results

3.1. Enrollment of Participants. A total of 2010 files were
selected using systematic random sampling (1:4), selecting
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FI1GURE 1: Flow chart for selection of study participant.
TABLE 1: Baseline sociodemographic characteristics (N = 122).
0,
Variables Total (n=122) Nonst:ti(rf) zn =71) Statin (n=51) p value
Gender 0.51
Male 35 (28.7) 22 (31.0) 13 (25.5)
Female 87 (71.3) 49 (69.0) 38 (74.5)
Age (years), mean (+SD) 61 (10) 60 (11) 62 (9) 0.175
Marital status 0.38
Single 6 (4.9) 5 (7.0) 1 (2.0)
Married 91 (74.6) 53 (74.7) 38 (74.5)
Divorced/widowed 25 (20.5) 13 (18.3) 12 (23.5)
Highest level of education 0.058
Primary 30 (24.6) 23 (32.4) 7 (13.7)
Secondary 33 (27.0) 18 (25.4) 15 (29.4)
University 59 (48.4) 30 (42.2) 29 (56.9)
Employment status 0.019
Unemployed 11 (9.0) 11 (15.5) 0 (0)
Employed 33 (27.1) 20 (28.2) 13 (25.5)
Self-employed 32 (26.2) 15 (21.1) 17 (33.3)
Retired 46 (37.7) 25 (35.2) 21 (41.2)
Residency 0.61
Urban 96 (78.7) 57 (80.3) 39 (76.5)
Rural 26 (21.3) 14 (19.7) 12 (23.5)
Alcohol use in years (IQR) 25 (20-40) 30 (20-40) 25 (20-40) 0.59
History of cigarette smoking 0.67
No 116 (95.1) 67 (94.4) 49 (96.1)
Yes 6 (4.9) 4 (5.6) 2 (3.9)

Abbreviations: IQR, interquartile range; SD, standard deviation.

every fourth patient who attended clinic. Of these, approxi-
mately 50% (n =1020) had two years of cumulative follow-
up data and were further reviewed. Among them, 39.5%
(n=403) had three HbA,_  measurements beyond baseline.
Of these, 202 patients had documentation of statin prescrip-
tion in their medical records.

The final analytical sample included 122 subjects of the
initial 128 recruited. Six participants were excluded due to
missing information on key variables (n =4) and failure to
meet the inclusion criteria (1 =2). In the final sample, 51
participants were randomly selected as statin users and
matched to 71 nonstatin users (Figure 1).
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TABLE 2: Baseline clinical characteristics (N = 122).
+
Variables Total (n=122) Nolzl/[sizl:ir(l_(il)z)ﬂ) Statin (n=51) p value
Baseline laboratory values

HbA, . (%) 11.0 (3.5) 11.3 (2.8) 10.6 (2.7) 0.249

LDL-C (mmol/L) 3.1(1.2) 2.8 (1.2) 3.5 (1.1) 0.010

HDL-C (mmol/L) 1.4 (0.9) 1.5 (0.3) 1.2 (1.3) 0.169

Creatinine (ymol/L) 75.3 (28.8) 75.3 (29.7) 752 (27.7) 0.985

Total cholesterol (mmol/L) 5.2 (1.3) 4.8 (1.2) 5.6 (1.3) 0.001
Baseline anthropometric values

Systolic BP (mmHg) 142.6 (23.4) 140.8 (23.38) 145.0 (23.4) 0.333

Diastolic BP (mmHg) 83.8 (11.3) 84.3 (10.3) 83.2 (12.6) 0.613

BMI (kg/mz), mean (+SD) 28.9 (5.1) 27.8 (4.6) 30.3 (5.3) 0.008

Underweight 1(0.8) 1(1.4) 0 (0)

Normal 13 (10.7) 9 (12.7) 4(7.8)

Overweight 66 (54.1) 45 (63.4) 21 (412)

Obese 42 (34.4) 16 (22.5) 26 (51.0) 0.013
DM medications (n (%))

Oral 86 (70.5) 55 (77.5) 31 (60.8)

Insulin 36 (29.5) 16 (22.5) 20 (39.2) 0.046
Anti-DM intensification (1 (%))*

No 62 (50.8) 44 (62) 18 (35.3)

Yes 60 (49.2) 27 (38) 33 (64.7) 0.004
Hypertension (n (%))

No 28 (23.0) 22 (79.0) 6 (21.0)

Yes 94 (77.0) 49 (69.0) 45 (88.2) 0.013
Duration of T2DM 13.5 (7.3) 132 (7.4) 14.0 (7.3) 0.562
Obesity (1 (%))

No 80 (65.6) 55 (77.5) 25 (49.0)

Yes 42 (34.4) 16 (22.5) 26 (51.0) 0.028

Abbreviations: BMI, body mass index; BP, blood pressure; DM, diabetes mellitus; HbA, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol;

LDL-C, low-density lipoprotein cholesterol.
At 1-3 months and beyond.

3.2. Sociodemographic Characteristics. Overall, the study had
71.3% females, with a mean age of 61 + 10 years, 74.6% were
married, 37.7% were retired, and 78.7% of all patients lived
in an urban area. Statin prescription was significantly associ-
ated with employment status (Table 1).

3.3. Baseline Clinical Characteristics. At baseline, 86 patients
(70.5%) were on oral hypoglycemic agents; 55.6% of 36 insu-
lin users were on statins, 77% of all participants had hyper-
tension, and 51% of obese participants were statin users.
Statins users had baseline HbA,_ of 10.6% + 2.7%, not signif-
icantly different from nonstatin users who had HbA,_ of
11.3% + 2.8%. However, lipid profile differed: statin users
had higher LDL-C of 3.5+ 1.1 versus 2.8 + 1.2 mmol/L and
total cholesterol of 5.6 + 1.3 versus 4.8 + 1.2 mmol/L. Statin
use was significantly associated with baseline LDL-C, total
cholesterol, insulin therapy, and obesity (Table 2).

3.4. Effect of Statin Therapy on Glycemic Control With
Duration of Therapy. Among statin users, mean HDbA,_

increased from 10.6% +2.7% at baseline compared to 11.6
% +2.8% at 1-3 months (p =0.114) thereafter decreased to
10.1% +2.2% at 7-12 months (p=1.0), and 10.0% £ 2.5%
at 19-24 months (p=1.0). In contrast, nonstatin users
had a significant mean HbA,_ reduction from 11.3% + 2.8
% at baseline compared to 9.7% +2.2% at 1-3 months
(p=0.001), 9.7% £ 2.6% at 7-12 months (p=0.011), and
9.3% +2.2% at 19-24 months (p=0.001). When compar-
ing the MD of HbA,_, significance was observed only at
1-3 months, statin users had an increase of +0.97% versus
nonusers who had a reduction of —1.58% (MD 2.56%; 95%
CL 1.53-3.59; p<0.001) (Figure 2 and see Table S2 and
Figure S1).

Beyond 1-3 months of statin therapy, a chi-square test of
independence revealed a significant association between
statin use and intensification of antidiabetic medications
(x* (1, N=122)=8.45, p=0.004, ®=0.26). statin users
were more likely to require escalation of diabetes therapy,
indicating a possible impact of statins on glycemic control
(Table 2).
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FIGURE 2: Demonstrating the change of the mean HbA,_ for statin users (red line) and nonusers (blue line) over time, at 1-3 months, statin
users had an increase of HbA, . of +0.97% compared to nonusers who had a reduction of — 1.58%, there existed significant mean difference
(MD) of 2.56% (95% CIL: 3.59-1.53; p < 0.001). Nonstatin users had significant and sustained decline in HbA,_ from baseline compared

to 1-3, 7-12, and 19-24 months (p < 0.05).

3.5. Effect of Different Types of Statin on Glycemic Control.
Examining the three groups (atorvastatin, rosuvastatin, and
nonstatin users), patients on atorvastatin (n = 46) had a sig-
nificant increase of mean HbA_ from 10.7% + 2.8% at base-
line compared to 11.9% +2.7% at 1-3 months (p =0.04),
but thereafter nonsignificant decline to 9.8% +2.1% at
7-12 months (p=0.212) and 10.0% +2.6% at 19-24
months (p =0.961). In the rosuvastatin group (n = 5), HbA,
did not significantly change from 9.5% + 1.6% at baseline
compared to any other points in time. However, nonstatin
users (n =71) exhibited significant reduction of mean HbA, .
from 11.3% + 0.4% at baseline to 9.7% + 0.3% at 1-3 months
(p<0.001), 9.7% +0.3% at 7-12 months (p=0.001), and
9.3% £ 0.3% at 19-24 months (p < 0.001).

However, the post hoc comparison using Games-Howell
corrections showed nonsignificant difference between non-
statin users and atorvastatin (p =0.243); no other pairwise
comparison reached statistical significance (p > 0.05). These
findings suggest that, although the overall effect was signifi-
cant, individual group differences were not strong enough to
reach significance after correcting for multiple comparisons
(Figure 3).

3.6. Incidence of > 0.2% Rise in HbA ;. Between Statin Users
and Nonstatin Users. Statin use was significantly associated

with a >0.2% rise in HbA,_ at 1-3 months (RR 3.02; 95%
CL: 1.97-4.62; p<0.001). But not at 7-12 months (RR
1.23; 95% CI: 0.78 -1.91; p=0.372) (Tables 3 and 4 and
Figure 4). At 19-24 months (see Table S1 and Figure S2).

3.7. Factors Associated With 0.2% Change in HbA,. Multi-
variate binomial regression showed statin therapy was
significantly associated with >0.2% rise in HbA,_ at 1-3
months, as the only independent risk factor (Table 3). At
7-12 months, female gender and a history of cigarette smok-
ing were significantly associated with a >0.2% rise in HbA |,
while the absence of hypertension significantly reduced like-
lihood of a > 0.2% rise in HbA_ (Table 4).

4. Discussion

The study findings indicate that initiation of statin therapy
was associated with a clinically significant rise in HbA,.
particularly within the first 3 months. Statin users experi-
enced approximately 1.0% increase in the mean HbA,.
within 1-3 months posttherapy. In contrast nonstatin users
had a significant and sustained reduction in HbA,_ at all
time intervals. While the rise in HbA,_  among statin users
appeared to attenuate over time, it coincided with a higher
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Ficure 3: Effect of statins on glycemic control over time: The blue line shows patients on atorvastatin, with a significant mean HbA
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(p <0.001), 7-12 (p = 0.001), and 19-24 months (p < 0.001).

rate of antidiabetic medication intensification, suggesting a
potential statin-related effect on glycemic control.

These findings align closely with a retrospective cohort
from the United Kingdom (UK) which reported transient
glycemic deterioration among statin users on insulin therapy
[39]. Similarly, prospective studies from the Netherlands
(CORALL trial), Italy, and Japan observed a modest but sig-
nificant increase in HbA,_ with statin use [40-42]. Notably,
the Italian study reported effects persisting up to 12 months,
while the CORALL trial involved higher-dose of statin ther-
apy with effects sustained up to 6 months. The difference in
dosing and type of statin may explain partially the variation
in duration of the effect compared to our study. In contrast,
the JUPITER and CARDS trials, identified persistent glyce-
mic effects beyond 24 months, although under more tightly
controlled conditions in comparison to our cohort obtained
from a primary care setting [15, 17].

The effect of statins on glycemic control in this study was
most pronounced with atorvastatin. Patients on atorvastatin
had significant increase in mean HbA,_ 1-3 months but no
sustained increase beyond that point. In contrast, rosuva-
statin users did not exhibit any significant change in HbA,_
at any point in time, although the sample size for this group
was small, limiting interpretability. These findings echo
prior studies that suggest atorvastatin may have a more pro-
nounced effect on glycemic parameters compared to other
statins potentially due to its a lipophilicity and systemic bio-
availability [3, 17, 18, 43].

The mechanistic effect of statin on glycemic control is
said to involve impaired insulin sensitivity and/or secretion
through several proposed pathways. These include reduced
expression of GLUT-2 and GLUT-4 transporters, impaired
pancreatic f3-cell function and altered adipokine profiles
[44, 45]. Furthermore, statins may influence hepatic glucose
output and systemic inflammation, both of which can affect
glycemic control. However, the observed attenuation of the
HDbA,_ rise over time may indicate physiological adaptation
or compensatory therapy adjustments.

While direct mechanistic exploration was beyond this
study’s scope, we observed an association between worsen-
ing of glycemic control, higher BMI, and greater insulin
use among statin users. Preclinical data suggest that statins
may alter adipokine profiles—reducing leptin levels and
increasing appetite—potentially contributing to weight gain
and hyperglycemia (the so-called “gluttony statins” phenome-
non)” [40, 46]. Ongoing research into statin-mediated effects
on pancreatic f3-cell function and skeletal muscle insulin
signaling could offer further biological plausibility.

We further assessed the incidence of a >0.2% increase in
mean HbA,_ following statin initiation. At 1-3 months,
statin users exhibited more than threefold higher risk of
experiencing this increment compared with nonusers, even
after adjusting for confounders (Table 3). This finding is
clinically relevant, particularly given the well-established
relationship between elevated HbA,_ and cardiovascular as
well as microvascular complications [47]. At 7-12 months,
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TABLE 3: Results of binomial regression of factors associated with > 0.2% rise in HbA,_ 1-3 months from baseline (N = 122).

Variables > 0.2% rise in HbA,_ (n (%)) RR (95% CI) p value aRR (95% CI) p value
Statin therapy

No 18 (25.35) Ref

Yes 39 (76.47) 3.02 (1.97-4.62) <0.001 3.24 (2.13-4.94) <0.001
Gender

Male 17 (48.57) Ref

Female 40 (45.98) 0.95 (0.63-1.43) 0.793 — —
Marital status

Single 2 (33.3) Ref

Married 43 (47.25) 1.42 (0.45-4.49) 0.553 — —

Divorced/widowed 12 (48.0) 1.44 (0.43-4.79) 0.552 — —
Employment status

Unemployed 8 (72.7) Ref

Employed 14 (42.4) 0.7 (0.21-1.57) 0.276 — —

Self-employed 12 (37.5) 1.2 (0.79-1.83) 0.387 — —

Retired 24 (52.2) 1.31 (0.87-1.96) 0.294 — —
Residency

Rural 12 (46.15) Ref

Urban 45 (46.88) 1.02 (0.64-1.62) 0.948 — —
History of cigarette smoking

No 53 (45.69) Ref

Yes 4 (66.67) 1.46 (0.8-2.66) 0.217 — —
Baseline BMI

Normal 6 (46.15) Ref

Overweight 30 (45.45) 1.06 (0.55-2.05) 0.861 — —

Obese 21 (50.0) 1.17 (0.59-2.29) 0.655 — —
Hypertension

No 12 (42.86) Ref

Yes 45 (47.87) 1.12 (0.693-1.8) 0.649 — —
Anti-DM intensification

No 34 (54.8) Ref

Yes 24 (40.0) 1.27 (0.87-1.86) 0215 — —
Total cholesterol (mmol/L)

<52 19 (45.24) Ref

>52 38 (47.5) 1.05 (0.7-1.57) 0.813 — —

Abbreviations: aRR, adjusted risk ratio; BMI, body mass index; HbA, ., glycated hemoglobin; RR, relative risk.

statin use was no longer a significant predictor of a > 0.2%
rise in HbA, .. Instead, female sex and a history of cigarette
smoking were independently associated with a > 0.2% rise
in HbA,_, while the absence of hypertension appeared to
be protective. These associations suggest the unmasking of
traditional risk factors, similar to other studies [48, 49], fol-
lowing the intensification of antidiabetic medication. These
findings may point to underlying metabolic or hormonal
and social factors affecting glucose homeostasis.

The larger magnitude of change in mean HbA,_
observed in our study is consistent with findings from other
observational cohorts done in routine clinical settings [39,
40, 42]. However, a meta-analysis of nine RCTs with an
average follow up of 3.6 years reported a smaller change in

mean HbA,_ among statin users of 0.12%, which may be
attributed to the controlled nature of RCTs [50].

The study had several strengths supporting its findings
and their application in clinical practice. One notable
strength was the use of real-world data, collected through
rigorous methods, relying on standardized HbA, . measure-
ments that reflect long-term glycemic control and fewer
day-to-day perturbations during stress, illness, or changes
in nutrition [10]. Secondly, matching of statin users to
nonusers helped minimize potential confounders, and out-
comes were assessed across multiple time points to evaluate
temporal patterns. The study also enriches the sparse data
on statin-diabetes interactions in Tanzania East Africa, pro-
viding locally relevant evidence to inform practice.
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TABLE 4: Results of binomial regression of factors associated with > 0.2% rise in HbA,_ 7-12 months from baseline (N = 122).
Variables > 0.2% rise in HbA,_ (n (%)) RR (95% CI) p value aRR (95% CI) p value

Statin therapy

No 25 (35.21) Ref

Yes 22 (43.14) 1.23 (0.78-1.91) 0.372
Gender

Male 9 (25.71) Ref

Female 38 (43.68) 1.69 (0.92-3.13) 0.09 2.27 (1.44-3.58) <0.001
Marital status

Single 2 (33.3) Ref

Married 36 (39.56) 1.19 (0.37-3.78) 0.772 — —

Divorced/widowed 9 (36.0) 1.08 (0.31-3.76) 0.904 —
Employment status

Unemployed 3(27.27) Ref

Employed 17 (51.52) 1.89 (0.68-5.24) 0.222 — —

Self-employed 11 (34.38) 1.26 (0.43-3.7) 0.674 — —

Retired 16 (34.78) 1.28 (0.45-3.62) 0.648 — —
Residency

Rural 10 (38.46) Ref

Urban 37 (38.54) 1.0 (0.58-1.73) 0.994 — —
History of cigarette smoking

No 43 (37.07) Ref

Yes 4 (66.67) 1.8 (0.97-3.32) 0.061 3.34 (2.32-4.82) <0.001
Baseline BMI class

Normal 4 (28.57) Ref

Overweight 23 (34.85) 1.22 (0.5-2.97) 0.662 — —

Obese 20 (47.62) 1.67 (0.69-4.05) 0.259 — —
Comorbidities except HTN

No 10 (52.63) Ref

Yes 37 (35.92) 0.68 (0.41-1.12) 0.133 0.47 (0.30-0.74) <0.001
Hypertension

No 14 (50) Ref

Yes 33 (35.11) 0.7 (0.44-1.11) 0.367 — —
Anti-DM intensification

No 34 (54.8) Ref

Yes 34 (56.7) 1.02 (0.65-1.6) 0.92 — —
Total cholesterol (mmol/L)

<52 16 (38.1) Ref

>52 31 (38.75) 1.02 (0.63-1.63) 0.944 — —

Abbreviations: aRR, adjusted risk ratio; BMI, body mass index; HbA,, glycated hemoglobin; HTN, hypertension; RR, relative risk.
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FIGURE 4: Stratified the cohort into two groups: statin users and nonusers, to observe proportion of a 0.2% change in HbA . (a) Statin user
had higher risk for > 0.2% rise of the mean HbA, _ (blue bar) at 1-3 months (p < 0.001). (b) Statin users had no significant risk for > 0.2%

rise of the mean HbA, . (blue bar) at 7-12 months (p = 0.52).

Nonetheless, the retrospective design limited assess-
ment of actual statin adherence. Approximately 95% of
patients at our clinic were prescribed the same type and
dosage of statin; moreover, the small sample size of rosu-
vastatin users precluded strong conclusion about compari-
sons between statin types. Finally, the single-centered
nature of the study and the potential for selection bias
could limit the generalizability of the findings.

5. Conclusion

The study findings highlight the importance of monitoring
glycemic levels (HbA, ) for the first 3 months, which appears
to decline over time—likely due to intensification of antidia-
betic therapy. Atorvastatin may contribute more to this effect
than rosuvastatin, though further research is warranted. Clini-
cians should remain vigilant about glycemic control in the
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early phase of statin therapy and consider timely therapeutic
adjustments where necessary. Larger prospective studies are
needed to confirm these findings and explore underlying
mechanisms to optimize both cardiovascular and glycemic
outcomes associated with statin therapy.
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