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Background: Individuals diagnosed with type 2 diabetes mellitus (T2DM)
commonly exhibit elevated lipid levels and an increased body mass index
(BMI). The impact of BMI on the efficacy of statins in reducing lipid levels
among diabetic patients remains uncertain. We aim to evaluate whether BMI
will affect the lipid-lowing effects of statins in patients with T2DM.

Methods: In this retrospective analysis, we screened T2DM patients who were
prescribed statins and underwent a 1-year outpatient follow-up recorded in the
electronic medical record system. Patients were stratified into three groups: normal
weight (BMI <24 kg/m), overweight (24 kg/m? <BMI <28 kg/m?), and obese
(BMI > 28 kg/m?). Lipid levels were assessed at two time points, and multivariate
logistic regression analysis was used to identify factors influencing the reduction of
low-density lipoprotein-cholesterol (LDL-C) levels and lipid control achievement.
Results: This study included 289 patients, with 82 in normal weigh, 143 in
overweight, and 64 in obese. Overweight and obese patients were found to
be younger than those with normal weight. Over the 1-year follow-up period,
lipid levels decreased in all patients, with a significant reduction observed in
LDL-C levels. Notably, obese patients experienced the highest reduction in
LDL-C levels compared to the normal and overweight groups (normal weight
group ALDL 0.78+0.95mmol/L, p<0.001; overweight group ALDL
0.80+0.88 mmol/L, p<0.001; obese group ALDL 1.11+ 0.82 mmol/L,
p <0.038). Obese patients exhibited a remarkable 42.02% reduction in LDL
levels (normal 27.45%, overweight 30.64%). Multivariate logistic regression
analysis indicated that achieving lipid control, defined as LDL < 2.6 mmol/L,
was more likely in obese patients compared to those with normal weight
[odds ratio [OR] 3.48, 95% confidence interval [Cl]: 1.18, 10.21, p = 0.023].
Conclusions: The effectiveness of statins in lowering lipid levels appears to be
influenced by the patient’'s BMI in patients with T2DM. T2DM patients with high
BMI may derive greater benefits, particularly in LDL reduction, from statin therapy.
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1 Introduction

Individuals with type 2 diabetes (T2DM) exhibit a heightened prevalence of lipid
abnormalities, contributing to an increased susceptibility to atherosclerotic
cardiovascular disease (1). In addition, patients with diabetes are usually associated with
a higher body mass index (BMI), and more complicated metabolic profile compared to
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non-diabetic people (2), including altered levels of adipocytokines
(such as adiponectin), hyperglycemia, and insulin resistance
which are thought to be associated with dyslipidemia (3).

Statin therapy is currently the first-line treatment for diabetic
individuals to prevent coronary artery disease (CAD) according to
the recent recommendations from the American Heart Association
(AHA) and the American Diabetes Association (ADA) (4, 5).
A higher BMI may influence the efficacy of statins in lowering lipid
levels. The Reversal of Atherosclerosis with Aggressive Lipid Lowering
(REVERSAL) study demonstrated that participants with a baseline
BMI
proportional reduction in low-density lipoprotein cholesterol (LDL-

below the median experienced the most significant
C) (6). However, a study by Rachel A. Sharpton and colleagues
found that obesity did not impact the lipid-lowering effectiveness of
simvastatin therapy (7).Therefore, continued research into the effect
of obesity on the efficacy of medications is essential. The metabolic
condition of obesity combined with T2DM is more complex, and
the therapeutic effects of statins in these patients remain unclear.

Our study’s primary objective is to assess variations in the
lipid-lowering outcomes of statin therapy among patients with
T2DM who have different BMI levels

2 Material and methods
2.1 Study population

This research is an observational, retrospective study. We
conducted a retrospective screening of patients with T2DM who
were prescribed statins through the electronic medical record
system of the Second Affiliated Hospital of Harbin Medical
University from January 2022 to December 2022. The inclusion
criteria for this study were as follows: (1) 18 <age < 80 years, (2)
a confirmed diagnosis of T2DM, and (3) no prior use of lipid-
lowering medications, (4) absence of any exclusion criteria.

The exclusion criteria were as follows: (1) combination therapy
with non-statin lipid-lowering drugs, (2) liver and kidney
dysfunction (liver dysfunction defined as alanine aminotransferase
>40 U/L; kidney dysfunction defined as serum creatinine >40 umol),
(3) heart failure [defined as patients with New York Heart
Association (NYHA) class II-IV symptoms or a documented left
ventricular ejection fraction (LVEF) < 50%], (4) confirmed diagnosis
of coronary artery disease [a history of coronarycomputed
tomography angiography (CTA) or coronary angiography indicating
coronary artery stenosis greater than 50%, or the presence of typical
angina symptoms], (4) history of myocardial infarction, or coronary
artery stent implantation, (5) changes in statin dosage or type during
follow-up due to various reasons, (6) lack of 1-year follow-up data.

The ethics committee of The Second Affiliated Hospital of
Harbin Medical University gave its approval to the research strategy.

2.2 Data collection and study definitions

Fasting serum glucose concentration of >7.0 mmol/L or 120 min
postprandial plasma glucose (PPG)>11.1 mmol/L was defined
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as T2DM. Patients were divided into 3 groups based on their
BMI level: normal weight (BMI <24 kg/m®), overweight (24 kg/
m? < BMI < 28 kg/mz), and obese (BMI > 28 kg/mz) according to
Chinese definition (8). All patients were treated with moderate-
intensity statins (mainly atorvastatin 20 mg/d or rosuvastatin 10 mg/d)
according to the recommendations of the guideline (9, 10), and the
goal of lipid-lowering was that LDL-C < 2.6 mmol/L. The clinical
data including sex, age, BMI, blood pressure, previous hypertension,
smoking history and the level of lipid (two-time points) were
collected. Clinical biochemical parameters were automatically tested
using a fully automated biochemical analyzer (Roche Diagnostics
cobas® ¢ 702 module, USA). Changes in cholesterol levels between
baseline and follow-up are expressed as the difference, represented
by ATC, ATG, AHDL, and ALDL, respectively.

2.3 Statistical analyses

Categorical variables were presented as numbers and
percentages, whereas continuous variables were shown as mean
and standard deviation (normally distributed data) or median
and interquartile range (non-normally distributed data). The x>
test was used to compare categorical variables. The normality of
data distribution was assessed using the Shapiro-Wilk test.
Depending on the distribution, Student’s f-tests or Wilcoxon
rank-sum tests were used to compare continuous variables.
A paired t-test was used to compare changes in cholesterol levels
between baseline and follow-up for different groups.

Clinical outcomes were assessed using univariate logistic
regression analysis. IBM SPSS Statistics (V.23, IBM Corp.,
Armonk, New York, USA) was used for all analyses. A

p-value <0.05 was considered statistically significant.

3 Results
3.1 Baseline characteristics

A total of 467 T2DM patients who were prescribed statins at
the hospital were screened between January 1, 2022, and
December 31, 2022. According to the inclusion and exclusion
criteria, 178 individuals were excluded, and finally 289 patients

were included in this study (Figure 1). The baseline
characteristics are shown in Table 1.
The BMI of the obese group was 30.50+2.47 kg/

m>[(mean + standard deviation), p<0.001], while the BMI of
normal weight and overweight groups were 22.11 +1.42 kg/m’
(p<0.001) and 25.83 + 1.18 kg/m> (p < 0.001), respectively. There
are significantly different in sex and age among the three groups.
Overweight and obese patients were younger than the normal-
weight patients. Male patients were more likely to have higher
BMI (81.1% in the overweight group, 68.8% in the obese group
and only 45.1% in the normal-weight group). There were no
significant differences in the prevalence of hypertension, current
smoking, fasting plasma glucose, and hemoglobin Alc among the
three groups.
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467 T2DM patients
who were . .
bed stafi excluded at baseline screening (n= 62)
prescrived stauns * combination therapy with non-statin lipid-lowering drugs
(@=8)
* liver and kidney dysfunction (n=15)
* confirmed diagnosis of coronary artery disease (n=13)
i * previously on lipid-lowering medications (n=26)
405 patients entered
follow-up screening
excluded at follow-up screening (n= 116)
* lack of 1-year follow-up data (n=73)
* discontinued statins during follow-up (n=39)
. * changed statin dosage or type (n=4)
289 patients
enrolled
v v
Normal weight Overweight Obese
(n=82) (n=143) (n=64)
BMI<24kg/m? 24kg/m?<BMI<28kg/m? BMI>28kg/m?
FIGURE 1
Flow diagram.
TABLE 1 Characteristics of the patients at baseline.
Normal Overweight Obese p
N =282 N =143 N =64
BM]I, kg/m2 22.11+1.42 25.83+1.18 30.50 +2.47 <0.001
Age, years. 65.23 +9.64 61.08 +10.33 59.80 £ 10.79 0.002
Male, 1 (%) 37 (45.1%) 116 (81.1%) 44 (68.8%) <0.001
Hypertension, n (%) 47 (57.3%) 82 (57.3%) 47 (73.4%) 0.066
Current smoking, n (%) 18 (22.0%) 49 (34.3%) 21 (32.8%) 0.139
Total cholesterol, mmol/L 4.64+1.19 457 +1.02 4.66 £ 1.10 0.768
Triacylglycerol, mmol/L 1.88 +1.31 2.01+1.73 2.35+2.05 0.218
HDL, mmol/L 1.32+£0.60 1.31+£0.64 1.15+0.52 0.155
LDL, mmol/L 2.77+1.02 2.71+0.94 2.78 £0.90 0.784
LDL < 2.6 mmol/L, n (%) 34 (41.5%) 69 (48.3%) 28 (43.8%) 0.591
LDL < 1.8 mmol/L, n (%) 13 (15.9%) 22 (15.4%) 7 (10.9%) 0.649
FPG, mmol/L 11.39 +3.66 11.56 +4.11 11.03 +3.84 0.684
H1Abc, % 8.44 +1.55 8.26 £ 1.66 8.15+1.40 0.835
Systolic pressure, mmHg 135.80 +23.89 136.35 £25.57 139.22 £23.72 0.673
Diastolic pressure, mmHg 77.33 £ 14.20 81.55+14.01 81.64 +13.41 0.067
Statins
Atorvastatin (20 mg), # (%) 63 (76.8%) 110 (76.9%) 52 (81.3%) 0.920
Rosuvastatin(10 mg), n (%) 12 (14.6%) 19 (13.3%) 8 (12.5%)
Others, 1 (%) 7 (8.5%) 14(9.8%) 4(6.3%)

BMI, body mass index; HDL, high-density lipoprotein-cholesterol; LDL, low-density lipoprotein-cholesterol; FPG, fasting plasma glucose; H1Abc, Hemoglobin Alc.

In terms of lipid components, there were no significant
statistical differences in total cholesterol (TC), triglycerides (TG),
high-density lipoprotein (HDL), or LDL-C among the three
groups. Most patients were treated with atorvastatin or
rosuvastatin according to guideline recommendations. Although

no statistically significant difference in medication choice were
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observed between the groups (p=0.920), atorvastatin was the
predominant option (Table 1).

The study population consisted of 467 T2DM patients who
were prescribed statins at the hospital and screened between
January 1, 2022 and December 31, 2022. Sixty-two patients were
exclude at baseline screening due to combination therapy with
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non-statin lipid-lowering drugs (n = 8), liver or kidney dysfunction
(n=15), confirmed coronary artery disease (n = 13), and prior use
of lipid-lowering medications (n = 26). A further 116 patients were
exclude at follow-up screening due to lack of 1-year follow-up
data (n=73), discontinuation of statin therapy (n=39), or
changes in statin dosage or type (n=4). In total, 289 patients
were included in the study and divided into three groups
based on BMI level: normal weight (BMI <24 kg/m® n=82),
overweight (24 kg/m*> <BMI <28 kg/m*, n=143), and obese
(BMI > 28 kg/m?, n = 64).

3.2 The lipid-lowing effects of statins
among different groups

Lipid level decreased in all patients at the 1-year follow-up,
with LDL-C levels showing the most significant reduction
(Figure 2). All three groups exhibited decreases in TC and
LDL-C levels: TC, normal weight group ATC 0.93 + 1.29 mmol/L,
p <0.001; overweight group ATC 0.99 + 1.08 mmol/L, p <0.001;

10.3389/fcvm.2025.1493613

normal weight group ALDL 0.78+0.95 mmol/L, p<0.001;
overweight group ALDL 0.80 +0.88 mmol/L, p<0.001; obese
group ALDL 1.11 + 0.82 mmol/L, p < 0.001.

At the I-year follow-up, no significant differences were
observed in cholesterol levels (including LDL-C, TC, TG, and
HDL) among the three groups. However, obese patients
demonstrated the highest reduction in LDL-C levels compared to
the other groups (Figure 3). A similar trend was observed for
ALDL%,. with obese patientsshowing the highest reduction of
42.02% in the LDL-C levles.

Although the reduction in TC and TG levels were also
higher in obese patients compared to normal-weight and
overweight patients, these differences were no statistically
The
summarized in Table 2.

significant. lipid characteristic at follow-up are

3.3 The relationship between BMI and
control rate of lipid-lowering

Univariate logistic regression analysis indicated that obesity

obese group ATC 1.26+1.09 mmol/L, p<0.001, and LDL-C, was associated with a higher lipid-lowering control rate
67 67
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FIGURE 2
LDL-C levels at baseline and follow-up.
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0 -
-0.04 20.06
0.2 -0.19
-0.31
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-0.49
-0.6
-0.63
-0.8 -0.78
-0.93
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-1.11
-1.2 *
-1.26
-1.4
® Normal ® Overweight ® Obese
FIGURE 3
Changes in lipid levels among the three groups.

TABLE 2 The lipid characteristic of patients with different BMI at follow-
up.

Normal
N =282

Overweight
N =143

Obese Jo)
N =64

TC, mmol/L 0.123

3714097 3.56 +0.88 3.39+0.76
TG, mmol/L 1.56 + 1.06 1.54+0.73 171+ 1.01 0.465
HDL-C, mmol/L 1.280.62 1.11+031 1.04£0.25 0.002
LDL-C, mmol/L 2.00 £0.79 1.91+0.74 1.74 +0.57 0.085
FPG, mmol/L 8.09 +2.82 8.19 £2.99 8.07 £2.72 0.957
HI1Abc, % 7.64+1.72 7.57 + 1.54 7.39 £ 1.09 0.690
ATC, mmol/L 0.93+1.29 0.99 + 1.08 1.26 +1.09 0212
ATG, mmol/L 0.31+148 0.49 + 1.66 0.63+1.95 0.531
AHDL, mmol/L 0.04 £0.76 0.19+0.51 0.06+0.29 0.122
ALDL 0.78 £0.95 0.80 +0.88 1.11+0.82 0.038
ALDLY% 2745 30.64 42,04 0.010
(7.07, 43.82) (9.44, 46.88) (21.55, 51.88)
ALDL% >50%, n | 10 (12.2%) 24 (16.8%) 14 (21.9%) 0.296
LDL<2.6 mmol/L | 63 (76.8%) 119 (83.2%) 59 (92.2%) 0.047
LDL<1.8 mmol/L | 38 (46.3%) 74 (51.7%) 37 (57.8%) 0.387

TC, total cholesterol, TG, triacylglycerol, HDL, high-density lipoprotein-cholesterol; LDL,
low-density lipoprotein-cholesterol; ATC (TG, HDL, LDL) means the level of TC (TG,
HDL, LDL) at baseline minus the level of TC (TG, HDL, LDL) at follow-up. ALDL%
means the level of LDL at baseline divided into ALDL multiplied by 100.

compared to normal weight when the goal was defined as
LDL < 2.6 mmol/L [odds ratio [OR] 3.56, 95% confidence interval
[CI]: 1.25, 10.14, p =0.018].After adjusting for sex, age, smokingn
status, and hypertension, the association remained significant
(OR 3.48, 95% CI: 1.18, 10.21, p =0.023).
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4 Discussion

In this study, we evaluated the effects of BMI on the lipid-
lowering efficacy of statins. The results showed that obese
patients experienced a significantly greater reduction in LDL-C
levels one year after being prescribed statins. Further analysis
revealed that obesity facilitated achieving the target lipid-lowering
goal when patients were prescribed statins of the same intensity.

The relationship among statins, T2DM, and BMI is complex.
Obesity plays a causal role in the development of type 2 diabetes
(11) may mediate the diabetogenic effects of statins (12, 13).
However, it remains unclear whether obesity influences the lipid-
lowering efficacy of statins. Given that diabetes is often
associated with obesity, it is of great clinical significance to
investigate the impact of obesity on the effects of statins in this
population. Previous studies have demonstrated that statin
therapy increases the risk of new-onset type 2 diabetes (14),
Furthermore, a Mendelian randomization study revealed that
elevated BMI accounts for more than half of the diabetogenic
effects associated with statin use (13). Despite these risks, statins
effectively lower cholesterol and reduce cardiovascular risk in
diabetic patients. Concerns remain regarding the potential of
statins to worsen glucose control, as some studies suggest their
use is associated with a small increase in hemoglobin Alc levels,
reflecting a slight elevation in blood glucose (15). Nonetheless,
the cardiovascular benefits of statins are widely regarded as
outweighing these adverse effects on glycemic control (15).
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A large, real-world cohort study shows that BMI also influences the
choice of lipid-lowering treatment, with statin intensity increasing
as BMI rises (16). In our study, diabetic patients were treated with
moderate-intensity statins according to the guidelines, but statin
intensity was not adjusted based on BMI. This may lead to an
underestimation of the lipid-lowering effects of statins in diabetic
patients. However, this limitation does not affect our evaluation
of the impact of BMI on the lipid-lowering efficacy of statins.

The Reversal of Atherosclerosis with Aggressive Lipid Lowering
(REVERSAL) study showed that participants with a baseline BMI
below the median exhibited the greatest proportional decrease in
LDL-C (6), which contrasts with the findings of our study. In
our study, obese patients demonstrated a more significant
reduction in LDL-C levels one year after starting statin therapy.

It is important to note that in the REVERSAL study, the lipid-
lowering effects varied between atorvastatin and pravastatin, with
atorvastatin showing significantly better results in obese patients.
The reasons for the paradoxical influence of obesity on statin
efficacy remain uncertain. Some researchers speculate that the
differential non-lipid-lowering properties of these agents, such as
their anti-inflammatory effects, may explain this outcome.
Therefore, our findings are not entirely unexpected.

The patients included in our study were diabetic, presenting with
more complex metabolic abnormalities. These abnormalities, caused
by obesity and hyperglycemia, may have affected the lipid-lowering
efficacy of statins, leading to differences between obese and non-
obese patients. Although patients with higher BMI achieved better
lipid-lowering effects and were more likely to meet treatment goals
after 12 months of statin therapy, the underlying reasons for these
differences in statin efficacy remain uncertain.

We propose several theories regarding the impact of BMI on
statin effectiveness. First, this effect may be related to the
different apolipoprotein E (apoE) phenotypes commonly found
in obese patients. Previous research has shown that individuals
with simple obesity and diabetes are more likely to express the
E2 phenotype compared to normal-weight patients (17). This
genotype is more responsive to statins, resulting in the most
significant reduction in blood lipids (18, 19), followed by the E3
type, while the E4 type has a lesser impact. E2 is particularly
sensitive to statins in terms of reducing HDL-C levels, which
aligns with the results of our study. Obese patients had the
lowest HDL values after treatment.

Furthermore, obesity is often associated with changes in body
composition and function, which can alter the pharmacokinetic
and pharmacodynamic properties of many drugs (20). For
example, obese individuals frequently experience pathological
changes in the liver and kidneys, such as liver cirrhosis and
chronic kidney disease, leading to impaired drug clearance (21,
22). Additionally, the cytochrome P450 (CYP) enzyme system
plays a crucial role in the metabolism of statins (23). Obese
individuals tend to have lower CYP3A4 expression and activity
compared to normal-weight patients (24), which may result in a
longer half-life for statins, thereby enhancing their lipid-lowering
effects in obese individuals.

In our study, we observed a significant reduction in LDL-c levels
across all BMI groups, with the greatest reduction observed in obese
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patients. However, total cholesterol did not show a comparable
reduction, which is consistent with the mechanism of action of
statins. Statins primarily target LDL-C, and while they effectively
lower LDL-C levels, they do not always produce substantial changes
in total cholesterol levels. This is because total cholesterol is
composed of various lipid fractions, including LDL-C, high-density
lipoprotein cholesterol, and very low-density lipoprotein cholesterol
(VLDL-C). While statins are highly effective at reducing LDL-C,
their effects on HDL-c and VLDL-c are less pronounced, which
may explain why we did not observe a significant change in total
cholesterol despite the reduction in LDL-C.

This study has several limitations. First, this is a retrospective
single-center study, and the sample size is relatively small, which
may introduce statistical bias. Second, changes in BMI over time
were not evaluated, and fluctuations in BMI during the follow-up
period may have influenced the results. Thirdly, we were unable
to assess the patients’ dietary and lifestyle habits, which could
have influenced their blood lipid levels and potentially impacted
the lipid-lowering effectiveness of statins. Additionally, the
patient’s blood glucose control may influence the effectiveness of
lipid management.Therefore, the absence of information on
treatments for type 2 diabetes in our study could potentially
affect the lipid-lowering efficacy of statins, leading to possible
bias in our results. Fourth, patients who adjusted or changed
their statin dosage or type during the follow-up period were
excluded to minimize confounding factors. However, this
approach might overestimate the efficacy of statins. Nevertheless,
this overestimation is unlikely to affect the evaluation of the
relationship between BMI and statin efficacy. Finally, we did not
include a comparison with non-diabetic patients, leaving it
unclear whether the observed phenomenon also occurs in non-
diabetic individuals. Future studies with larger sample sizes and
comparative designs are needed to further explore whether BMI
influences the efficacy of statins in the general population.

5 Conclusion

Patients with T2DM are often accompanied by obesity and
dyslipidemia. Statins play a critical role in the primary prevention
of CAD in T2DM patients.The effectiveness of statins in lowering
lipid levels appears to be influenced by the patient’s BMI in
patients with T2DM. T2DM patients with high BMI may derive
greater benefits, particularly in LDL reduction, from statin therapy.
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