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Atherogenic dyslipidemia increases the risk of incident diabetes in
statin-treated patients with impaired fasting glucose or obesity
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A B S T R A C T

Aim: To investigate which metabolic factors increase the risk of incident diabetes (T2D) in statin-treated
patients.
Methods: A retrospective study conducted in Greece including 1241 consecutive individuals with
dyslipidemia attending a lipid clinic for �3 years. After defining associations with incident T2D, we
assessed the risk of new-onset T2D based on the presence of impaired fasting glucose (IFG), atherogenic
dyslipidemia, and overweight/obesity.
Results: Afterexcluding 166 patients with baseline T2D and 193 subjects taking lipid-lowering therapyat the
baselinevisit,882participantswereincludedinthestudy. Elevenpercent(n = 94)developedT2D duringtheir
follow-up (median 6 years; IQR: 4–10). Baseline patients’ age (OR: 1.05; 95% CI: 1.02–1.08, p < 0.01), family
history of diabetes (OR: 3.58; 95% CI: 1.86–6.91, p < 0.01), IFG (OR: 6.56; 95% CI: 3.53–12.12, p < 0.01),
overweight/obesity (OR: 2.65; 95% CI: 1.39–5.05, p < 0.01), atherogenic dyslipidemia (OR: 3.27; 95% CI: 1.50–
7.15, p < 0.01), and treatment with high-intensity statins (OR: 3.51; 95% CI: 1.89–6.51, p < 0.01) were
independently associated with increased risk of T2D in statin-treated patients. Among the IFG subjects,
atherogenic dyslipidemia (OR: 3.44; 95% CI: 1.31–9.04, p = 0.01) and overweight/obesity (OR: 2.54; 95% CI:
1.14–5.66, p < 0.05) independently increased the risk of T2D. Among the overweight/obese ones, atherogenic
dyslipidemia independently increased the risk of T2D (adjusted OR: 5.60; 95% CI: 2.19–14.30, p < 0.01).
Conclusion: Atherogenic dyslipidemia appears to be an independent risk factor for new-onset T2D in
statin-treated patients, while IFG, overweight/obesity and family history of diabetes remain risk factors
for new-onset T2D in this group.
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Introduction

It is well established that statins are the cornerstone of
cardiovascular prevention, but they may increase the incidence
of type 2 diabetes mellitus (T2D) [1,2]. As “statinization” of the
population is extremely common, it would be of great benefit to
identify those individuals at greatest risk for T2D under statin
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treatment. An analysis of TNT (Treating to New Targets), IDEAL
(Incremental Decrease in End Points Through Aggressive Lipid
Lowering), and SPARCL (Stroke Prevention by Aggressive Reduc-
tion in Cholesterol Levels) trials was the first to demonstrate that
elevations of baseline fasting plasma glucose (FPG), body mass
index (BMI), fasting triglycerides (TG), and hypertension
increased the risk of new-onset T2D [3]. This phenotype, present
in the metabolic syndrome, is closely related with insulin
resistance (IR) and the development of T2D [4]. Having a simple
method for identifying those insulin-resistant patients before the
initiation of statin therapy might be useful in clinical practice.
Although hyperinsulinemia is the most accurate estimate for the
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direct measurement of IR [5], the absence of a standardized
insulin assay along with the lack of insulin measurement in
everyday clinical practice, limit its clinical utility [6]. Prediabetes
is associated with IR and predicts statin-associated T2D
[7,8]. Although the FPG cut point for the definition of prediabetes
provides a useful tool identifying enhanced risk of statin-induced
T2D, prediabetes remains an heterogenous entity and not
all subjects with IFG are insulin resistant [7]. Likewise, a
proportion of obese individuals might not be at increased risk
for metabolic complications and has been referred to as
‘metabolically healthy obesity phenotype’ [9]. On the other
hand, IR or T2D are closely related to ‘atherogenic’ or ‘mixed’
dyslipidemia (MixDys), characterized by elevated plasma fasting
and postprandial triglyceride-rich lipoproteins, small dense low-
density lipoprotein, and low high-density lipoprotein cholesterol
(HDL-C) [10]. Recently, intriguing evidence supports a causal
role of atherogenic dyslipidemia in IR and the development of
T2D [11].

We aimed to investigate which metabolic markers and most
importantly which combinations of those are associated with
incident T2D in statin-treated individuals.

Materials and methods

This was a retrospective observational study as previously
described [12]. Briefly, we included 1241 consecutive adults with
dyslipidemia who attended the Outpatient Lipid Clinic of the
University Hospital of Ioannina in Greece and were followed-up for
at least 3 years. Informed consent was obtained from each patient
and the study protocol was approved by the institutional Ethics
Committee.

All subjects were of Hellenic origin (European ancestry). All
participants  had a complete assessment of concomitant diseases
and their treatment and demographic characteristics along with
clinical data were recorded at baseline and at the most recent
(final) visit. These included: age, follow-up duration and gender,
BMI, blood pressure (BP) readings, family history of diabetes,
hypertension, and atherosclerotic cardiovascular disease
(ASCVD). ASCVD comprised coronary heart disease, stroke,
peripheral arterial disease, and carotid stenosis. Of note, none
of the study participants was diagnosed with a recent episode of
ASCVD. Laboratory data were also available, such as FPG levels
and lipid profile, including total cholesterol (TCHOL), TG, HDL-C,
and low-density lipoprotein cholesterol (LDL-C). Considering the
lack of a standardized insulin method along with the fact that
insulin levels were measured in a minority of the subjects, IR was
not used in the analyses of the present study. In addition,
glycated hemoglobin (HbA1c) was rarely measured before the
diagnosis of diabetes, since national guidelines for diabetes do
not recommend HbA1c measurement for the diagnosis of
diabetes.

Concomitant medications were also recorded with particular
emphasis on the lipid-lowering therapy, including the name and
dose of each statin and other lipid-lowering drugs (i.e. ezetimibe,
colesevelam, fibrates, and omega-3 fatty acids). In addition, the
intensity of statin therapy was classified as ‘high,’ ‘moderate,’ and
‘low’ on the basis of the average expected LDL-C lowering of �50%,
30–50%, and <30%, respectively. Hence, high-intensity statin
therapy comprised rosuvastatin 20–40 mg and atorvastatin 40–
80 mg.

The diagnosis of T2D was made in case of fasting glucose levels
�126 mg/dL (6.9 mmol/L) in 2 separate measurements in different
visits within 1 month or when glucose levels were �200 mg/dL
(11.1 mmol/L) 2 h following 75 g of oral glucose [13]. The diagnosis
of impaired fasting glucose (IFG) was defined by a baseline fasting
plasma glucose concentration 100–125 mg/dL (5.5–6.9 mmol/L)
[13]. Based on the results of a previous study of ours showing that
the amount of TG-rich lipoproteins and small dense low-density
lipoproteins was greater in case of TG �200 mg/dL (2.3 mmol/L) in
our study participants [14], the diagnosis of MixDys was made in
case of baseline TG �200 mg/dL (2.3 mmol/L) and HDL-C <50 mg/
dL (1.3 mmol/L) or <40 mg/dL (1 mmol/L) for the female and male
subjects, respectively. Overweight/obesity was defined in case of
BMI �25 kg/m2.

Patients with established T2D or those taking lipid-lowering
therapy at the baseline visit were excluded from the present
analysis.

After identifying the factors predicting incident T2D in our
statin-treated subjects, we evaluated the impact of IFG, MixDys,
overweight/obesity, and their combinations on the risk of new-
onset T2D.

Statistical analysis

Continuous variables were tested for normality by the
Kolmogorov–Smirnov test and logarithmic transformations were
performed if necessary. Data are presented as mean � standard
deviation (SD) and median [interquartile range (IQR)] for
parametric and non-parametric data, respectively. The chi-square
test and the independent sample t-test were performed for
categorical and continuous data respectively, as appropriate.
Univariate binary logistic regression analyses were performed to
define which factors were associated with incident T2D.
Multivariate logistic regression analyses were then conducted
using variables that were statistically significant in the univariate
analysis. Associations with incident T2D were expressed as odds
ratios (OR) with accompanying 95% confidence intervals (95% CI).
In the final multivariate analyses, p-values <0.05 were considered
significant. Finally, multivariate analysis of covariance (MAN-
COVA) was performed to compare the rates of incident T2D among
2 or more groups, after controlling for predefined factors. Our
study had 81% power to detect an increase in diabetes risk
corresponding to an odds ratio of 0.8 and assuming a 10% baseline
T2D risk.

Analyses were performed with the Statistical Package for Social
Sciences (SPSS) v21.0 software (SPSS IBM Corporation, Armonk, NY,
USA).

Results

After excluding 166 patients diagnosed with T2D and 193 sub-
jects taking lipid-lowering therapy at the baseline visit, a total of
882 individuals were included in the present study. At baseline,
31% had IFG, 52% had BMI �25 kg/m2, 10% were diagnosed with
MixDys, 57% with hypertension, and 9% with ASCVD. Ninety-four
(11%) of the study participants developed T2D and 58 (7%) suffered
from a new cardiovascular event during their follow-up (median
6 years; IQR: 4–10). Detailed study participants’ characteristics are
presented in Table 1. The individuals who developed T2D had
higher levels of FPG, BMI, TG, BP, and lower HDL-C levels compared
with the non-T2D group (Table 1). In addition, T2D patients had
higher prevalence of metabolic syndrome, IFG, MixDys, and
hypertension and they were more likely to have received high-
intensity statins and TG-lowering therapy (i.e. fibrates and omega-
3 fatty acids) (Table 1).

Univariate analysis showed that age, family history of diabetes,
metabolic syndrome, IFG, increased TG levels, low HDL-C levels,
MixDys, and overweight/obesity, along with treatment with high-
intensity statins, antihypertensive drugs, or fibrates were statisti-
cally significantly associated with incident T2D in our study
population (Table 2). In the multivariate regression analysis,
participants’ age, positive family history of diabetes, IFG, MixDys,



Table 1
Baseline study participants’ characteristics.

Patients without T2D Patients developing T2D

N 788 94
Gender, male (%) 57 61*

Age (years) 54 (46–62) 59 (54–64)
Family history of diabetes (%) 14 28*

Atherosclerotic cardiovascular disease (%) 9 12
Metabolic syndrome (%) 34 77*

Impaired fasting glucose (%) 26 75*

Body mass index �25 kg/m2 (%) 50 76*

Hypertension (%) 56 72*

Triglycerides �200 mg/dL (%) 19 36*

Low high-density lipoprotein cholesterol levels (%) 25 42*

Mixed dyslipidemia (%) 8 24*

Systolic blood pressure (mmHg) 140 (125–150) 150 (138–160)
Diastolic blood pressure (mmHg) 87 (80–95) 90 (80–100)
Body mass index (kg/m2) 27.1 (24.6–29.7) 29.2 (27.3–32.2)*

Fasting plasma glucose (mg/dL) 93 (86–100) 108 (99–117)
Total cholesterol (mg/dL) 261 (232–297) 257 (214–293)
Triglycerides (mg/dL) 127 (92–181) 148 (102–233)*

High-density lipoprotein cholesterol (mg/dL) 53 (45–64) 48 (41–62)*

Low-density lipoprotein cholesterol (mg/dL) 176 (152–209) 175 (134–202)
Assigned treatment
High-intensity statin (%) 29 42*

Ezetimibe (%) 21 22
Fibrates (%) 4 11*

Omega-3 fatty acids (%) 3 8*

Coleveselam (%) 1 0
Antihypertensive drugs (%) 66 82*

Values are expressed as median (interquartile range), unless percentages are shown.
Conversion factors for units: fasting plasma glucose in mg/dL to mmol/L, �0.05551; cholesterol, in mg/dL to mmol/L, �0.02586; triglycerides in mg/dL to mmol/L
�0.01129.
T2D, type 2 diabetes mellitus.
* p < 0.05, for the comparison with the patients not developing T2D.

Table 2
Univariate and multivariate analysis of factors associated with incident type 2 diabetes.

Variables Univariate analysis Multivariate analysis

Baseline parameters
Age, per 1-year increase 1.04 (1.02–1.06), p < 0.01 1.05 (1.02–1.08), p < 0.01
Family history of diabetes 2.40 (1.42–4.06), p = 0.01 3.58 (1.86–6.91), p < 0.01
Hypertension 2.05 (1.28–3.30), p < 0.05 –

Metabolic syndrome 6.59 (3.96–10.97), p < 0.01 –

Impaired fasting glucose 8.35 (5.07–13.76), p < 0.01 6.56 (3.53–12.18), p < 0.01
Body mass index �25 kg/m2 3.23 (1.86–5.62), p < 0.01 2.65 (1.39–5.05), p < 0.01
Triglycerides �200 mg/dL 2.39 (1.49–3.81), p < 0.01 –

Low high-density lipoprotein cholesterol levels 2.14 (1.36–3.36), p = 0.01 –

Mixed dyslipidemia 3.58 (2.08–6.17), p < 0.01 3.27 (1.50–7.15), p < 0.01
Assigned treatment
High-intensity statin 1.94 (1.24–3.02), p < 0.01 3.51 (1.89–6.51), p < 0.01
Antihypertensive drugs 2.38 (1.54–3.68), p < 0.01 –

Fibrates 2.99 (1.41–6.33), p < 0.01 –

The results are expressed as odds ratios (95% confidence intervals).
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overweight/obesity, and high-intensity statin therapy remained
statistically significantly associated with increased risk of incident
T2D (Table 2).

Within the IFG subjects’ subgroup, MixDys consistently
increased the risk of T2D (adjusted OR: 3.44; 95% CI: 1.31–
9.04, p < 0.05, after adjusting for participants’ age, positive
family history of diabetes, overweight/obesity, and high-intensi-
ty statin therapy). As shown in Fig. 1A, the IFG patients with
MixDys exhibited the highest rate of incident T2D compared with
non-IFG, non-MixDys participants (adjusted OR: 21.01; 95% CI:
7.64–57.78, p < 0.01). Moreover, in this group of patients,
overweight/obesity consistently increased the risk of T2D despite
the smaller sample size (adjusted OR: 2.54; 95% CI: 1.14–5.66,
p < 0.05, after adjusting for participants’ age, positive family
history of diabetes, MixDys, and high-intensity statin therapy).
As shown in Fig. 1B, the obese patients with IFG exhibited the



Fig. 1. (A) Risk of incident T2D according to baseline presence of impaired fasting
glucose and mixed dyslipidemia. *p < 0.05, for the comparison with the subjects
with impaired fasting glucose and mixed dyslipidemia. (B) Risk of incident T2D
according to baseline presence of impaired fasting glucose and overweight/obesity.
*p < 0.05, for the comparison with the subjects with impaired fasting glucose and
overweight/obesity. (C) Risk of incident T2D according to baseline presence of
overweight/obesity and mixed dyslipidemia. *p < 0.05, for the comparison with the
subjects with overweight/obesity and mixed dyslipidemia. BMI, body mass index;
FPG, fasting plasma glucose; MixDys, mixed dyslipidemia; T2D, type 2 diabetes
mellitus.
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highest rate of incident T2D compared with the non-IFG, non-
overweight/obese participants (adjusted OR: 20.10; 95% CI: 6.72–
60.15, p < 0.05).

Within the subgroup of participants being overweight or obese,
MixDys consistently increased the risk of T2D (adjusted OR: 5.60;
95% CI: 2.19–14.30, p < 0.01, after adjusting for participants’ age,
positive family history of diabetes, IFG, and high-intensity statin
therapy). As shown in Fig. 1C, the overweight/obese patients with
MixDys exhibited the highest rate of incident T2D compared with
the other groups (adjusted OR: 10.61; 95% CI: 3.92–28.70, p < 0.01,
for the comparison with those having BMI <25 kg/m2 and without
MixDys).
Discussion

The present study shows that the normoglycemic non-
overweight individuals without MixDys exhibited the lowest risk
of new-onset T2D among statin-treated individuals. T2D event
rates increased in patients with normal FPG and either MixDys or
overweight/obesity and became highest for those with IFG and
overweight/obesity or MixDys.

Waters et al. were the first to demonstrate that prediabetes,
obesity, hypertension, and high levels of TG increased the risk of
incident T2D in statin-treated patients [3]. After taking into
account that this constellation of abnormalities is tightly related
with IR [4], they proposed that IR candidates for statin treatment
are prone to T2D development. Although the measurement of
insulin levels has been used for the estimation of IR [5], the
absence of a standardized insulin assay limits its clinical utility
[6]. Prediabetes indicates IR and undoubtedly increases the risk
of T2D development in statin-treated patients [8,12,15]. Never-
theless, prediabetes encompasses different entities not always
related with IR [7]. For instance, patients with IFG might have
similar IR to either normoglycemic individuals or patients with
impaired glucose tolerance [7]. Thus, using only the cut-off FPG
values of IFG to identify high T2D risk patients could under- or
over-estimate the potential diabetogenic impact of statin
therapy. Likewise, although overweight/obesity has been con-
sidered to be related with IR, a considerable proportion of
overweight/obese individuals, the so called ‘metabolically
healthy obese’ patients who have normal FPG and TG levels,
exhibit lower rates of metabolic complications than expected,
such as new-onset T2D and cardiovascular disease [9,16,17]. On
the other hand, overwhelming evidence suggests the association
of MixDys with IR [4,18]. Compensatory hyperinsulinemia due to
IR has been considered to induce increased flux of free fatty acids,
raise TG production, and decrease HDL-C [4,18,19], whereas
recent evidence from epidemiological, genetic and intervention
studies supports the ‘hypertriglyceridemia-IR-hyperinsulinemia’
vicious cycle suggesting that atherogenic dyslipidemia itself
induces IR [11]. Studies evaluating the association between lipid
parameters and IR or T2D risk have demonstrated that markers
that take into account FPG, TG, and HDL-C levels for their
calculation have a strong predictive value for T2D incidence in
the general population [20–23]. For 469 statin-treated patients
classified as being at high risk for T2D, Armato et al. showed that
those with elevated TG levels displayed markers of IR and
compensatory hyperinsulinemia, despite their similar baseline
FPG and HbA1c levels to those with isolated hypercholesterol-
emia [22].

Our study evaluated whether IR, identified by the presence of
IFG, MixDys, or overweight/obesity, predicts incident T2D in
statin-treated individuals. Our results demonstrating that their
combinations increase dramatically the diabetogenic impact
of statin therapy are similar to the findings of a recent analysis
of TNT and SPARCL trials (n = 11,354) [24]. The majority of our
study participants who were normoglycemic, non-obese, and
had normal TG and HDL-C levels (�30%) exhibited the lowest
rates of T2D (�3–4%). On the other hand, the prediabetic
patients with either MixDys (�5%) or obesity (�16%) exhibited
the highest rates of incident diabetes after taking statin
therapy (36% and 26%, respectively). When presented alone,
IFG, MixDys, and obesity were associated with diabetic event
rates intermediate between the high- and low-risk groups
described above.

Our results provide a simplified tool for the physician to identify
patients at high risk of developing T2D after taking statin
treatment. In contrast to previously published randomized clinical
trials, the rate of new-onset T2D was greater than incident ASVCD
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in our study (11% vs. 6% during a median of 6 years) [3,25,26]. Thus,
although several trials and meta-analyses have indicated that the
cardiovascular and mortality benefits of statin therapy exceed the
diabetes hazard [15,25–27], our study underlines the need to
identify and minimize this risk in everyday clinical practice.
Obtaining simple measurements, such as FPG, BMI, and TG, would
help the physician to tailor different pharmacological and non-
pharmacological treatment plans before or after initiating statins.
Thus, a more frequent monitor of patients’ glycemic status would
be reasonable for obese patients with IFG and MixDys. Considering
the fact that weight gain is associated with increased risk of new-
onset T2D according to the results of the TNT trial [28], obese
patients with IFG should be encouraged to lose weight with dietary
intervention and increased physical activity in order to minimize
the risk of statin-induced T2D. In the therapeutic plan, we might
consider statins with a more neutral effect on glucose homeostasis
or the combinations of a statin therapy, especially in patients at
low cardiovascular risk [11].

Study limitations are the retrospective design of our study.
The lack of potential confounding factors, such as dietary
composition, physical activity, and duration of statin therapy,
could have influenced our results. Nevertheless, we managed an
extensive follow-up of 6 years conducted in a real-world
outpatient lipid clinic setting. As such, this study represents a
“pragmatic study” from everyday clinical practice and not a
selected sample of patients with a close monitoring like those in
a randomized control trial. In contrast to TNT, IDEAL, and SPARCL
trials [3,24], our study participants were all statin-treated and
followed-up for a longer period, whereas the rate of incident T2D
was greater in our study. We showed that both increased TG and
low HDL-C (and not only TG as shown by TNT, IDEAL, and SPARCL)
were associated with increased risk of statin-induced T2D and
highlighted the prognostic value of MixDys for statin-associated
T2D.

Conclusion

The present retrospective study with a large number of
participants shows that atherogenic dyslipidemia increases the
risk of new-onset T2D in statin-treated patients, while IFG and
overweight/obesity remain risk factors for incident T2D in this
group. These results could help physicians tailor therapeutic
strategies minimizing diabetes risk before initiating statin
treatment.
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