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Background: Diabetic dyslipidemia is a risk factor for coronary artery disease (CAD) 
in patients with type 2 diabetes mellitus (T2DM). American Diabetes Association 
(ADA) provides internationally accepted guidelines to manage dyslipidemia in T2DM.

Objective: To assess if ADA guidelines are followed for managing dyslipidemia in patients 
with T2DM in India.

Methods: This was a subset analysis of a prospective, cross sectional, observational study 
(LEADD Study) conducted at 199 sites across India to evaluate dyslipidemia management 
practices in T2DM patients (N=4002), in a real-world setting. The data was stratified based 
on age and atherosclerotic cardiovascular disease (ASCVD) and ASCVD risk factors to 
record the percentages of T2DM patients achieving LDL-C target and treated optimally with 
the Guideline directed intensity of statin. Analysis was conducted using descriptive statistics.

Results: As per ADA 2018 targets: LDL-C levels (<100mg/dL) were seen in 30.6% of 
participants. High intensity statins were prescribed to 13.4% of the participants with 
LDL levels ≥100 mg/dL. ASCVD risk assessment details were available for 89.2% of 
participants. Data was not available for smoking and albuminuria. In participants <40 
years of age, 80% and 64.2% with ASCVD and ASCVD risk factors, respectively, did 
not achieve target LDL-C levels. In this age group, 15.6% and 83.3% of participants 
with ASCVD risk factors and ASCVD group, respectively, were not receiving statins 
in the recommended dose. In participants ≥40 years of age, 88.0% and 91.5% with 
ASCVD and ASCVD risk factors, respectively, did not have LDL-C levels as per ADA 
2018 targets. In this age group, 87.2% and 77.9% of participants with ASCVD risk 
factors and ASCVD, respectively, were not receiving statins in the recommended dose.
Conclusion: The sub-analysis of LEADD study shows sub-optimal adherence to ADA 
2018 guidelines for management of diabetic dyslipidemia.
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Introduction
T2DM is commonly associated with comorbid conditions 
such as dyslipidemia and hypertension, which are important 
risk factors for atherosclerotic cardiovascular disease 
(ASCVD). Additionally, diabetes itself is an independent 
risk factor for ASCVD. Aggressive risk factor modification 
strategies in the United States in patients with T2DM has 
significantly improved the 10-year coronary heart disease 
(CHD) risk along with a decrease in ASCVD morbidity and 
mortality.1–3

Low-density lipoprotein cholesterol (LDL-C) plays 
a significant role in the development of atherosclerosis and 
CHD.4,5 Literature shows multiple benefits of LDL-C reduc-
tion in patients with diabetes. Multiple clinical trials have 
demonstrated that statin therapy provides a significant ben-
efit in primary and secondary prevention of ASCVD events 
and CHD death in patients with diabetes.6–8 A meta-analysis 
of 14 randomized trials of statin therapy (N=18, 00; mean 
follow-up 4.3 years) in patients with diabetes demonstrated 
that each mmol/L (39 mg/dL) reduction in LDL-C correlated 
with 9% and 13% reduction in all-cause mortality and vas-
cular mortality, respectively.9

There have been conflicting reports that very low LDL-C 
levels increase the risk of T2DM.10–12 However, an analysis 
from the JUPITER trial showed that four to five ASCVD 
events were prevented for every incident case of diabetes 
caused by statin therapy.13 The analysis concluded that the 
cardiovascular and mortality benefits of statins outweighed 
the diabetes hazard.13 Therefore, the American Diabetes 
Association (ADA) 2018 guidelines on diabetic dyslipide-
mia management recommends statins as the drugs of choice 
for lowering LDL-C and providing cardioprotection.14 The 
ADA 2018 guidelines recommend that high intensity statin 
therapy (that lowers LDL-C levels by ≥50%) should be used 
in T2DM patients with dyslipidemia and ASCVD risk to 
lower the LDL-C levels to <70 mg/dL.14

Diabetic dyslipidemia is very common in India and 
most Indian studies report that dyslipidemia is poorly 
controlled in Indian patients with T2DM.15–17 The ADA 
2018 dyslipidemia recommendations can prove to be an 
important resource for healthcare professionals for mana-
ging dyslipidemia in patients with T2DM.

Therefore, this multi-center cross-sectional observa-
tional study was conducted in India to evaluate if the real- 
world practices of managing dyslipidemia in patients with 
T2DM were in concurrence with ADA 2018 guidelines.

Methods
This is a sub-analysis of the Learnings with Experts to 
Advance Diabetic Dyslipidemia Management (LEADD) 
study, a real-world, cross-sectional observational study in 
patients with T2DM and dyslipidemia conducted over 
a period of 3 months at 199 centers across India. For 
patients fulfilling the inclusion criteria, and provided writ-
ten informed consent, data was collected regarding demo-
graphics, co-morbidity, family history, laboratory, risk 
factors, concomitant medication history, and details of 
past and ongoing dyslipidemia treatment. The ASCVD 
risk assessment was done as per the American College of 
Cardiology’s risk calculator recommended in the ADA 
2018 guidelines and the risk level was also 
documented.18 The 10-year ASCVD risk is stratified into 
low (<5%), borderline (5–7.5%), intermediate (7.5–20%), 
and high (≥20%).18,19 Lipid profile normal values and risk 
levels as per ADA 2018 dyslipidemia guidelines are men-
tioned in Table 1. Risk stratification as per age, ASCVD 
risk and recommended statin levels as per ADA 2018 
dyslipidemia guidelines are mentioned in Table 2. The 
data was collected on a self-carbonated prescription writ-
ing pad through which data was integrated from across 
study centers.

Ethical Approval
The study was approved by the Ethics Committee of the 
Chellaram Diabetes Institute, Pune, India. The study was 
conducted in compliance with the principles of the 
Declaration of Helsinki, and Indian regulatory guidelines, 
Indian Council of Medical Research (ICMR) and Indian 
Good Clinical Practice (GCP) guidelines). Ethical 
Committee approval was obtained.

Study Population
Inclusion Criteria
The study included patients of either sex who were ≥18 
years of age and had a confirmed diagnosis of T2DM in 
alignment with ADA 2018 criteria.20

Dyslipidemia was diagnosed in the patients meeting 
the inclusion criteria in alignment with ADA 2018 
targets.20 The body mass index (BMI) of the participants 
was noted. Patients with BMI of ≥23 kg/m2 were consid-
ered as overweight and those with ≥25 kg/m2 as obese as 
per the ADA, WHO and Indian consensus group BMI cut- 
off recommendation for Asians.21–24
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Exclusion Criteria
Patients with known history of type 1 diabetes, malignancy, 
uncontrolled hypothyroidism, alcohol or drug abuse were 
excluded from the study. The following patients were also 
excluded: with current active liver disease or alanine trans-
aminase (ALT)/aspartate transaminase (AST) levels > 3 
times upper limit of normal (ULN); unexplained creatinine 
levels >3 times ULN; on hormone replacement therapy or 
oral contraceptives within 3 months of enrollment; under-
gone any cardiac intervention in last 3 months; pregnant or 
breast-feeding women and those who had participated in 
any other interventional study in last 3 months.

Endpoints of the Sub-Analysis
The primary endpoints were:

1. Percentage of participants achieving dyslipidemia 
management goals as per ADA 2018 guidelines

2. Percentage of participants on high intensity of statin 
as per the ADA 2018 guideline.

The secondary endpoints were:

1. Percentage of participants evaluated for risk factors 
as per ADA 2018

Table 1 Demographic and Lipid Profile of Study Population (N=4002)

Number (%) Mean ± SD

Age (N = 3822) – 55.7±11.5

Gender (N = 3230) Males: 1697 (52.5%) –
Females: (47.5%)

Duration of DM (years) 4002 7.67 ± 6.03

Weight (kg) 3540 70.42 ± 12.4

BMI (N= 2808)

Normal (BMI <25) 940 (33.5%) –
Overweight (BMI 25–29.9) 1217 (43.3%) –

Obese (BMI ≥ 30) 651 (23.2%) –

Class 1 (BMI of 30 to 34.9) 468 (16.7%) –
Class 2 (BMI of 35 to 39.9) 130 (4.6%) –

Class 3 (BMI of ≥40) 53 (1.9%) –

Lipid Profile

Parameters/ADA Cut-Off Mean ± SD (mg/dL) Lipid Levels Observed in the Study No. of Patients (%)

LDL (n = 2545) <70 mg/dL 117.7 ± 37.7 ≥130 910 (35.7%)
100–129 856 (33.6%)

70–99 529 (20.8%)

55–69 152 (6%)
<55 98 (3.8%)

TC (n = 2666) 200 mg/dL 197.3 ± 50.8 High TC (≥200 mg/dl) 1236 (46.4%)
Normal TC (<200 mg/dl) 1430 (53.6%)

HDL (n = 2497) 40 mg/dL 41.1 ± 13.1 HDL-C <40 mg/dl 1158 (46.4%)
HDL-C ≥40 mg/dl 1339 (53.6%)

TG (n = 2564) 150 mg/dL 183.3 ± 80.0 High TG (≥150 mg/dl) 1661 (64.8%)
Normal TG (<150 mg/dl) 903 (35.2%)

Non-HDL (n = 2438) 160 mg/dL 152.4 ± 48.9 Non HDL – C (≥160 mg/dl) 1039 (42.6%)

Non HDL-C (<160 mg/dl) 1399 (57.2%)

Abbreviations: ADA, American Diabetes Association; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; n, number of patients; SD, 
standard deviation; TC, total cholesterol; TG, triglycerides; VLDL, very low-density lipoprotein.
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2. Treatment pattern of participants with diabetes with dys-
lipidemia in concurrence with ADA 2018 guidelines.

Statistical Analysis
Raw data was collected from all the 199 study centers and 
integrated on a cloud platform.

Descriptive statistics was used to summarize demo-
graphic, baseline characteristics and all other qualita-
tive and discrete variables. Mean, median, range, 
standard deviation (SD), minimum and maximum data 
was tabulated for continuous variables and number of 
patients. Frequencies and percentages were used to 
compute the data for categorical measurements. 
Appropriate statistical analysis was conducted to assess 
the existence of statistically significant association 
between the variables, if any.

Results
Baseline Demographics
A total of 4002 patients of T2DM were enrolled across 
199 centers in India. The mean age of the participants 
was 55.7 ± 11.5 years. Of these, 52.5% were males and 
47.5% were females. Demographic details are provided 
in Table 1. Dyslipidemia was seen in 52.3% of study 
population (n =1399/2673).

Results of Sub-Analysis
As per the ADA criteria, the following major risk factors 
were identified: overweight or obesity 83.3%), LDL cho-
lesterol ≥100 mg/dL (69.4%), family history of DM 
(50.2%), CKD (Stage 3–5 based on Chronic Kidney 
Disease Epidemiology Collaboration [CKD-EPI]) 
(27.3%), hypertension (25.7%) and HDL-C levels 
<40 mg/dL (24%) (Table 2). Data was not available for 
smoking and albuminuria.

Details of ASCVD risk assessment were available for 
89.2% of participants. Of these, 99.5% had ASCVD or 
ASCVD risk factors. For patients of <40 years, ASCVD 
risk factors and ASCVD were present in 66.4% and 2.2% 
of participants, respectively. Mean LDL-C levels in 
patients with ASCVD risk factors was 129.2±38.0 mg/dl 
and in patients with ASCVD it was 121.3±42.2 mg/dl. For 
patients of ≥40years, ASCVD risk factors and ASCVD 
were present in 82.9% and 12.3% of participants, respec-
tively. Mean LDL-C levels in patients with ASCVD risk 
factors was 121.0±36.7 mg/dl and in patients with ASCVD 
it was 118.4±41.4 mg/dL. See Table 3.

Of the participants evaluated for anti-hyperlipidemic 
drugs; 77.2% received only statins; fenofibrate and ezeti-
mibe were prescribed to 10.8% and 0.4% of participants, 
respectively.

Statins were prescribed to 68.1% of the study popula-
tion. Lipid profile was not always evaluated before starting 
statins. Table 1 provides the number of participants for 
which lipid profile values were available. Six hundred and 
forty-five participants received atorvastatin, 2075 received 
rosuvastatin. The 10 mg dose was the most prescribed 
dose in 63.7% of participants on atorvastatin and 64.5% 
of participants on rosuvastatin.

Most commonly prescribed statins to the participants 
with raised total cholesterol or LDL cholesterol were 
rosuvastatin (n=2075/2757, 75.2%) followed by atorvasta-
tin (n=645/2757, 23.4%).

As per ADA 2018 targets, LDL-C levels (<100mg/dL) 
were seen in 30.6% of participants, serum triglycerides 
(<150 mg/dl) in 35.2%, HDL-C (≥40mg/dL) in 53.6% 
and non-HDL-C (<160mg/dL) in 57.2% of participants 
(Table 1).

In participants <40 years of age (n=312), 80% and 
64.2% with ASCVD and ASCVD risk factors, respec-
tively, did not have LDL-C levels as per ADA 2018 
targets. In this age group, recommended doses of statins 
were not received by 15.6% and 83.3% of participants 
with ASCVD risk factors and ASCVD group, respec-
tively. In participants ≥40 years of age (n=3510), 
88.0% and 91.5% with ASCVD and ASCVD risk fac-
tors, respectively, did not have LDL-C levels as per 
ADA 2018 targets. In this age group, recommended 
doses of statins were not received by 87.2% and 77.9% 
of participants with ASCVD risk factors and ASCVD, 
respectively. In participants ≥40 years of age with no 
ASCVD risk factors, 64.3% did not have LDL-C levels 
as per ADA 2018 targets and 72.7% were receiving 
statins in the recommended dose (Table 3).

Of the participants aged ≥40 years with ASCVD risk 
factors, recommended doses of high intensity statins were 
received by 12.8% and 22.1% of participants with mean 
LDL levels of 121.0 (SD 36.8) and 118.4 (SD 41.4), 
respectively (Table 2).

Discussion
This sub-analysis of LEADD Study, assessed whether 
ADA 2018 guidelines for management of T2DM with 
dyslipidemia were followed in current practices in India. 
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An attempt was made to determine the gaps, so that these 
could be addressed while managing these patients.

The sub-analysis showed that majority of ADA 2018 
goals and recommendations for the management of T2DM 
with dyslipidemia were not met in most of the participants 
in this real-world study. Majority of participants (87.7%) 
were ≥40 years old. ASCVD risk assessment was done for 

89.2% of participants. However, all the risk factors (lipid 
levels, hypertension, BMI, kidney status, smoking, albu-
minuria, family history of premature ASCVD) were not 
assessed for all the participants due to lack of data. 
A significant number of participants did not meet the 
ADA 2018 targets for lipid profile and recommended 
statin therapy.

Table 3 Risk Stratification and Risk Based LDL Lowering Therapy Assessment in Study Population – Using ADA 2018 
Recommendations

Age ASCVD No. of Pts Recommended 
Statin Intensity

% Pts Not 
on LDL 
Target

Mean (SD) 
LDL Levels 
Observed

% of Pts Receiving 
Statin/Statin 
Recommended 
Dose

% of Pts Not 
Receiving Statin/ 
Statin 
Recommended Dose

< 40 years of Age 

(n=312, 7.80%)

NO 3 (0.96%) None 66.7% (2/3) 77 (18.9) 100% (1/1) –

ASCVD Risk Factors 207 (66.4%) Moderate if 

ASCVD Risk 

Factors present

64.2% (155/ 

162)

129.19 

(37.91)

84.4% (119/141) 15.6%

ASCVD 7 (2.2%) High 80% (4/5) 121.3 (42.22) 16.7% (1/6) 83.3%

≥40 years of Age 

(n=3510, 87.70%)

No 14 (0.4%) Moderate 64.3% 

(9/14)

77.7 (15.24) 72.7% (8/11) 27.3%

ASCVD Risk Factors 2908 

(82.9%)

High 91.5% 

(1925/2104)

120.97 (36.7) 12.8% (274/2143) 87.2%

ASCVD 432 (12.3%) High 88.0% 

(278/316)

118.4 (41.35) 22.1% (77/348) 77.9%

Abbreviation: ASCVD, atherosclerotic cardiovascular diseases.

Table 2 ASCVD Risk Factors in Study Population (ADA Guidelines)

Risk Factors Number (%)

Overweight or obese (BMI ≥23 kg/m2 in Asian Americans) (N=2808) 2338 (83.3%)

Family history of diabetes (N=2201) 1104 (50.2%)

HTN:≥140/90 mmHg (N=3603) * 926 (25.7%)

History of CVD**(N=2201) IHD/CAD: 83 (3.8%)
CHD: 80 (3.6%)

HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL (2.82 mmol/L)**

HDL <40 mg/dL (N=2497) 599 (24%)

TG >250 mg/dL (N=2564) 419 (16.3%)

Additional ASCVD risk factors

LDL cholesterol ≥100 mg/dL (2.6 mmol/L)(N=2545) 1766 (69.4%)

Chronic kidney disease (patients with Stage 3–5 based on CKD-EPI)(N=1800) 491 (27.3%)

Notes: *135 patients overlapping; **9 patients overlapping. 
Abbreviations: ASCVD, arteriosclerotic cardiovascular disease; BMI, body mass index; CHD, coronary heart disease; CKD-EPI, Chronic Kidney Disease Epidemiology 
Collaboration; CVD, cardiovascular disease; HDL-C, high-density lipoproteins cholesterol; IHD, ischemic heart disease; LDL-C, low-density lipoprotein cholesterol; TG, 
triglycerides; CAD, coronary artery disease.
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The ADA 2018 dyslipidemia management guidelines 
recommend use of high intensity statins (atorvastatin 
40–80/rosuvastatin 20–40) in four patient scenarios: clinical 
ASCVD; very high-risk ASCVD (high LDL cholesterol and 
diabetes); severe primary hypercholesterolemia (total cho-
lesterol ≥200 mg/dl); and diabetes-specific risk enhancers.14 

High to moderate intensity statins (atorvastatin 10–20/rosu-
vastatin 5–10) can also be used as primary prevention ther-
apy after assessing 10-year ASCVD risk level.14

In patients at very high-risk ASCVD, the ADA 2018 
dyslipidemia guidelines recommend that LDL-C threshold 
of 70 mg/dL (1.8 mmol/L) should be used to guide addi-
tion of nonstatins to statin therapy. If LDL-C level remain 
≥70 mg/dL, the guideline suggests adding ezetimibe to 
maximally tolerated statin therapy and if the LDL-C levels 
continue to remain ≥70 mg/dL, a PCSK9 inhibitor could 
be added even though its >three years safety and cost- 
effectiveness is uncertain. However, majority of partici-
pants in this study were on only one anti-hyperlipidemic 
agent, notably even in case of high the LDL-C levels. 
Ezetimibe was prescribed to only 0.4% of participants.

The ADA 2018 dyslipidemia guideline recommends that 
high-intensity statins (atorvastatin 40–80/rosuvastatin 
20–40) or maximally tolerated statin dose should be used 
to reduce LDL-C in patients with clinical ASCVD. This sub- 
analysis of LEADD Study found that in participants with 
ASCVD, only 22.1% of participants aged ≥40 years and 
16.7% of participants aged <40 years were receiving high 
intensity statins in the recommended dose. This means that 
more than two-thirds of participants with ASCVD were not 
receiving high intensity in the recommended dose. Most 
participants received 10 mg dose of either rosuvastatin or 
atorvastatin. Information regarding why the recommended 
dose was not used was not available.

Suboptimal lowering of high LDL increases the risk of 
ASCVD and stroke.25 Different doctors use different guide-
lines to manage statin treatment. However, there is no con-
sensus amongst guidelines about patient population requiring 
high statin therapy, statin dose that can be considered high 
intensity and the percent lowering of LDL can be considered 
as an effective goal.26 This could be one of the reasons for 
suboptimal statin therapy and suboptimal LDL control seen 
in this sub-analysis when compared with ADA 2018 guide-
lines. Other reasons for sub-optimal LDL control could be 
statin intolerance, poor adherence, and poor LDL control 
despite optimal therapy.25,27–29

Even after guidelines are formulated and updated, their 
message does not get disseminated to the practicing 

physicians. A study found no significant differences in statin 
prescribing patterns after 2013 and 2014 ACC/AHA guide-
lines were released.30 In India as well, practicing physicians 
are often not aware of the information in the guidelines and 
end up prescribing sub-optimal statin dose.31 Additionally, 
Indians have different dyslipidemia pattern than Western 
population with not very high LDL but denser LDL particles, 
higher TG and lower HDL-C.32 Thus, the response and phar-
macokinetics of dyslipidemia lowering drugs may not be as 
seen in Western population.32

The study also shows that there was sub-optimal adher-
ence to the ADA 2018 dyslipidemia guidelines in majority of 
the study population. The study brings forward an important 
gap in management. Majority of patients requiring high 
intensity statins do not receive it. The reasons behind not 
prescribing high intensity statins to this patient group needs 
to be investigated in real-world studies.

Also, though use of statin is governed primarily by 
LDL-C levels, LDL values were available only for 
63.6% of participants. Statins were also prescribed to 
participants with no documented LDL value. This gap in 
patient management needs to be addressed.

This real world observational study has several limita-
tions inherent to the design like data missing for various 
variables and unequal follow-ups. In addition, data on smok-
ing and microalbuminuria were not available. Also, though 
low-dose statin therapy is generally not recommended in 
T2DM, it is often the only statin dose that a patient can 
tolerate. The ADA 2018 guidelines suggest that maximum 
tolerated statin dose should be used in patients not tolerating 
the intended intensity of statin. However, though 10 mg dose 
was found to be most commonly used dose, data on the 
reason for using this dose was not captured. Though we 
report that 83.3% of patients aged <40 years with ASCVD 
did not receive statin, the results must be interpreted with 
caution because of a low sample size.

Conclusions
The sub-analysis of LEADD study shows sub-optimal adher-
ence to ADA 2018 guidelines for management of diabetic 
dyslipidemia. Though majority of patients were ≥ 40 years of 
age and had ASCVD or ASCVD risk factors, they were not 
treated with high intensity statins, as recommended by ADA 
2018 guidelines. This calls for more stringent treatment 
approach of treating diabetic dyslipidemia using high intensity 
statins to achieve desired outcomes in patients with ASCVD or 
ASCVD risk factors.
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