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Abstract

Background: To evaluate the association of statins and co-morbidities with new onset type 2 

diabetes mellitus (T2DM) in patients 65 years and older.

Methods: This retrospective study used de-identified administrative healthcare claims and 

enrolment data from a Medicare Advantage Prescription Drug (MAPD) health plan offered by 

a large multistate healthcare company. The plan covered >2.4 million individuals, of whom 

>1.7 million individuals were ≥65 years. Of these, 265 554 individuals had continuous MAPD 

enrolment January 2008 to December 2015. The unadjusted model assessed demographic, 

pharmacy and T2DM comorbidities as covariates. Significant variables (P < .05) in the unadjusted 

model were then included in the adjusted model. The adjusted model used Cox proportional 

hazards to evaluate covariate effects. Matched propensity score analysis was used to analyse the 

association of statins and T2DM onset.

Results: The cumulative rate of diagnosed T2DM onset in the study cohort was 4.82% (4314/89 

390). Annualised incidence of T2DM diagnosis was 0.82%, 0.88%, 1.04% and 2.09% in 2012, 

2013, 2014 and 2015, respectively. T2DM onset was associated with male sex, non-white (African 

American or Hispanic ethnicity), statin use, hypertension, hyperlipidaemia, heart failure, lower 

limb ulceration, atherosclerosis, other retinopathy, angina pectoris, poor vision and blindness and 

absence ischaemic heart disease (IHD). Matched propensity score analysis showed that statin use 
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was significantly associated with T2DM onset (Odds Ratio = 1.26, 95% Confidence Interval: 

1.12–1.41, P < .0001) in the adjusted model.

Conclusions: Analyses indicated that statin usage was associated with new onset T2DM after 

adjusting for covariates.
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic condition caused by failure of pancreatic beta 

cells to produce enough insulin, or the body does not use insulin efficiently (also called 

insulin resistance). In some patients, there is complete absence of insulin production. T2DM 

is associated with deleterious macrovascular and microvascular outcomes1 and is the seventh 

leading cause of death in the United States affecting 29.1 million people.2 In 2012, 25.9% 

or 11.8 million Americans 65 and older had diagnosed or undiagnosed diabetes.3 The total 

estimated national cost of diabetes in the United States in 2012 was approximately $245 

billion and increased to $327 billion in 2017, a 26% increase in adjusted dollars.4,5

T2DM can have a long asymptomatic phase, that is, an individual may be unaware that 

they have T2DM for 4 to 7 years before an actual diagnosis.6 The onset (or first occurrence 

of T2DM) is generally preceded by pre-diabetes, a condition where an individual’s blood 

sugar is higher than normal, but not high enough to be classified as T2DM.7 Without 

intervention, pre-diabetes will progress to T2DM onset.8 When unmanaged, T2DM is a 

progressive disease and continues to advance from onset to development of comorbidities 

and can eventually lead to death.9

Several risk factors are associated with T2DM onset such as: family history of T2DM; 

age; obesity; physical inactivity; prior history of gestational diabetes; impaired glucose 

tolerance; dipocytokines; inflammatory factors and hepatocyte factors; race/ethnicity; 

alcohol consumption; tobacco smoking; diet10–14; high blood pressure15; appendectomy16 

and hypothyroidism.17 In addition to the above factors, medications such statins or 3-

hydroxy-3-methylglutaryl-CoA reductase (HMGCR) inhibitors have also been linked with 

onset of T2DM.18–21

The novel aspect of this study is its focus on Medicare members. The study uses claims data 

for patients enrolled in Medicare Advantage Prescription Drug (MAPD) plan. Medicare 

population differs from the population at large in age, life expectancy, frequency of 

pre-existing comorbid conditions and comorbidities due to progression of T2DM. Such 

differences affect the types of pharmacological and non-pharmacological interventions 

appropriate for this population.22 Understanding these factors will help design better T2DM 

prevention programmes.

In the present study, the factors associated with the new onset of T2DM in Medicare are 

investigated, especially the association of statins with new onset type 2 diabetes.
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2 | MATERIALS AND METHODS

2.1 | Study design

This retrospective study used de-identified administrative healthcare claims and enrolment 

data from a MAPD health plan offered by a large multistate healthcare company. The data 

were collected during standard operations. It was not originally collected for the purpose 

of research or any new study on human or animal subjects. Prior to the beginning of the 

study, this study protocol was reviewed and approved by the Institutional Review Board 

at University of Louisville (Reference # 573220). The study was also reviewed by the 

healthcare company’s privacy and ethics committee.

2.2 | Study cohort

The large multi-state healthcare company insured >2.4 million individuals who had 

continuous MAPD coverage from January to December of 2015. Of these >2.4 million 

individuals, there were more than 1.7 million individuals who had “age ≥65” as the 

original reason for Medicare entitlement. The remainder qualified under Medicare disability 

or ESRD eligibility provisions and were excluded from this study. Of these 1.7 million 

individuals, 265 554 individuals had continuous MAPD coverage from January 2008 

to December 2015. Starting with the sampling frame of these 265 554 individuals for 

which longitudinal data were available, the following individuals were excluded: Those 

who had bariatric surgery (including gastric bypass, laparoscopic gastroenterostomy (n = 

619), women with polycystic ovary syndrome (n = 131) and those with lipodystrophy 

(n = 718). They were excluded because medications to treat these diseases may have 

competing indications for use in T2DM. Individuals with any diagnostic codes related 

to nephropathy were excluded because a previous study published by Kaiser Permanente 

indicated that worsening renal function could lead to improved glycaemic control.23 In 

the present study, chronic kidney disease (CKD) was excluded (n = 109 243) in order 

to identify a population without end organ damage. In the current study, we excluded 

pre-existing nephropathy (41.3%) of the study sample. Previous research suggested the rate 

of CKD among individuals 65 years and older was 61%. The CKD rate in the current 

study was likely lower because individuals with “disability” and “ESRD” as their initial 

reason for Medicare enrolment was excluded from the sampling frame.24 Individuals who 

had drug and/or steroid-induced diabetes (determined by ICD codes) were excluded because 

the pathway for T2DM onset in these individuals may be different from normal pathways 

for T2DM onset (n = 3436). Type 1 diabetes patients (determined by ICD codes) were 

excluded because it has a different aetiology from T2DM (n = 25 535). Those who had 

T2DM-related diagnostic codes only during inpatient hospital stay(s) and do not have T2DM 

diagnostic claims or T2DM-related pharmacy claims in a non-hospital setting were excluded 

to account for potential surgery induced dysglycaemia (n = 1772). Finally, certain groups 

with contractual restrictions with the health plan prohibiting research are also excluded (n = 

2238).

2.3 | Inclusion criteria

To be included in the study cohort, individuals were required to have no T2DM-related 

claims in years 2008, 2009, 2010 and 2011 and have either no T2DM-related claims in 
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years 2012, 2013, 2014 and 2015; or T2DM onset in any year between 2012 and 2015. 

Upon onset, individuals were also required to have T2DM-related claims every year until the 

end of the study (Table S1). This resulted in a final analytical sample of 89 390 Medicare 

patients of whom 4314 individuals had T2DM onset (T2DM onset cohort) and 85 076 

individuals had no T2DM onset (no T2DM onset cohort) during the study period (Table S1). 

The T2DM onset baseline year was 2011, because by design the entire study cohort had no 

T2DM in 2008, 2009, 2010 and 2011.

2.4 | T2DM definition

T2DM was identified with administrative medical and pharmacy claims data using the 

following criteria, measured per calendar year: (a) at least two diagnoses of T2DM 

(International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] 

and/or (International Classification of Diseases, Tenth Revision, Clinical Modification 

[ICD-10-CM]; (b) at least two prescriptions related to T2DM; and (c) at least two claims 

(medical or pharmacy) related to T2DM. A minimum of two claims were used in the 

identification of T2DM as a means of excluding patients who were potentially miscoded 

and patients who were suspected to have T2DM but were never formally diagnosed and 

consistently treated.

2.4.1 | Covariates—T2DM co-morbidities were defined using administrative claims 

data as described previously using both ICD-9 and ICD-10 diagnostic codes.25 The 

following co-morbidities were included in the study: (a) retinopathy: other retinopathy, 

retinal oedema, cystoid macular oedema/degeneration (CSME), other retinal disorders, 

retinal detachment and blindness; (b) neuropathy: amyotrophy, cranial nerve palsy, 

neurogenic bladder, gastroparesis/diarrhoea and orthostatic hypotension; (c) cerebrovascular: 

transient ischemic attack, stroke; (d) cardiovascular diseases: atherosclerosis, other ischemic 

heart disease (IHD), angina pectoris, other chronic IHD, myocardial infarction, ventricular 

fibrillation and arrest, atrial fibrillation, arrest, other atherosclerotic cardiovascular disease, 

prior myocardial infarction, heart failure, atherosclerosis severe and aortic aneurysm/

dissection; (e) peripheral vascular disease (PVD): other aneurysm of lower extremities, foot 

wound and complications, embolism/thrombosis in lower extremities, ulcer of lower limbs; 

(f) hypertension and (g) hyperlipidaemia.

Demographic information (sex and race) was based on enrolment data. T2DM-related 

pharmacy and statin use were determined using administrative pharmacy data.

2.5 | Statistical analysis

Data aggregation and the implementation of inclusions and exclusions were done in Hadoop 

(using Spark, Scala and Hive). Hadoop is an open-source software framework for distributed 

processing and distributed storage of very large datasets.26 The processing was done in 

Hadoop because of the volume of the data, which included ≥2.4 million individuals’ medical 

and pharmacy claims data from 2008 to 2015. Means and frequencies to generate patient 

profiles were calculated using Hadoop. The analytical dataset was created in a counting 
process input style.27,28 These data were then imported into SAS 9.2. (SAS Institute Inc., 

Cary, North Carolina) to calculate rate of T2DM onset. Cox proportional hazard models in 
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PROC PHREG were specified to identify the significant variables associated with T2DM 

onset.

The unadjusted model was developed using demographic, pharmacy and T2DM co-

morbidities. The level of significance for unadjusted models was P < .05. The model 

was developed using Cox regression proportional hazards. Variables that were significant 

in the unadjusted model were then included in the adjusted model. In the final analysis, 

the adjusted model included demographic variables (sex and race), pharmacy (statin 

use) and clinical condition variables (hypertension, hyperlipidaemia, heart failure, ulcer 

of lower limbs, atherosclerosis, retinal oedema, gastroparesis, orthostatic hypotension, 

cerebrovascular, atherosclerosis, other IHD, other chronic IHD, myocardial infarction (MI), 

ventricular fibrillation and arrest, other atherosclerotic cardiovascular disease (ASCVD), 

old MI, atherosclerosis severe, embolism, blindness and low vision, other retinopathy and 

angina pectoris). The level of significance for all statistical tests was P < .05.

A logistic propensity score model was constructed using the covariates from the adjusted 

model as independent variables and statin usage as outcome variable. The scores were then 

used to create non-overlapping partition of patients into two groups with identical propensity 

scores, with a matching tolerance at 0.001. These two groups were used to evaluate the 

prevalence of T2DM onset for statin patients and non-statin patients. Approximately 10.5% 

(n = 454) were excluded from the onset group because these members did not have a record 

of statin usage prior to diabetes and started on statins after T2DM onset. 36.0% (n = 1555) 

of T2DM patients did not match on the propensity score with a non-T2DM participant and 

were not included in the matched PSA analysis.

Within the propensity matched cohort, each patient was associated with only one statin 

based on their most frequently utilized statin. The statin dose and distribution were done 

as described previously.29 The patients in the study cohort were prescribed atorvastatin, 

rosuvastatin, lovastatin, pravastatin and simvastatin. The study did not have pharmacy claims 

related to pitavastatin, likely because they were not prescribed to the patients in this study 

cohort.

A meta-analysis model was computed to analyse statin types and T2DM onset because 

it is likely that the true effect size varies (ie, age, gender, co-morbidities differ across 

studies). The random effects model is the appropriate one to use in this instance because it is 

likely that the true effect of statins on T2DM onset is different between populations.30 The 

Comprehensive Meta-Analysis Software Version 3 (Biostat Inc., Englewood, New Jersey) 

was used for the analysis. SAS V9.4 (SAS Institute) was used for statistical analyses.

3 | RESULTS

There were 89 390 people 65 years of age and older who met study inclusion criteria. Of 

these, 4314 were diagnosed with T2DM between 2012 and 2015, while the remaining 85 

076 continued to have no T2DM diagnosis until the end of study (ie, 2015). The cumulative 

incidence of diagnosed T2DM onset in the study cohort was 4.82% (4314/89390) (Table 
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1). The incidence of diagnosed T2DM was 0.82%, 0.88%, 1.04% and 2.09% in years 2012, 

2013, 2014 and 2015, respectively.

In the baseline year (2011), the average age of patients in the T2DM onset cohort (n = 

4314) was 72.1 (SD, 5.1) years compared to the average age of 73.0 (SD, 5.6) years for 

the no-onset cohort (n = 85 076) (P < .0001). The T2DM onset cohort consisted of 60.3% 

females compared to 63.5% females in the no-onset cohort (Table 1) (P < .0001).

At baseline, there were significantly more non-white (African American, Hispanic) 

individuals (19.5%) in the T2DM onset sub-group compared to the T2DM no onset sub-

group (11.7%) (P < .0001) (Table 1). The T2DM onset sub-group had significantly higher 

prevalence of disease comorbidities compared to the no-onset cohort. Individuals in the 

T2DM onset cohort had higher prevalence of clinical conditions such as hypertension 

(70.1% vs 59.1%), hyperlipidaemia (69.4% vs 59.5%), cardiovascular diseases (ie, 

atherosclerosis [5.0% vs 7.2%], other IHD [0.8% vs 1.5%], angina pectoris [2.1% vs 3.6%], 

other chronic IHD [12.3% vs 15.4%], other atherosclerotic cardiovascular disease [0.9% vs 

1.3%], history of myocardial infarction [3.2% vs 4.6%], heart failure [3.1% vs 4.8%], [P < 

.05 for all]) (Table 2).

In bivariate and multivariate analyses, male sex, non-white (African American, Hispanic), 

statin use, hypertension, hyperlipidaemia, heart failure, ulcer of lower limbs, atherosclerosis, 

other retinopathy, angina pectoris, blindness and low vision, absence of other IHD were 

associated with T2DM onset (P < .05) (Figures 1, 2 and Table S2).

Propensity scores were used to match cases and controls to control for confounders. The 

result indicated that, following adjustment for covariates, statins remained significantly 

associated with new onset T2DM (Table 3). The specific statins included in the 

present investigation indicate an over-representation of atorvastatin, rosuvastatin, lovastatin, 

pravastatin and simvastatin in the T2DM incident group (Table 4).

The odds ratio (OR) point estimate associated with specific statins varied somewhat, with 

atorvastatin having the lowest OR at 1.33 (95% CI: 1.09–1.63), lovastatin having OR at 1.54 

(95% CI: 1.21–1.96) and rosuvastatin having OR = 1.52 (95% CI: 1.14–2.04). Although the 

higher intensity dose and higher strength statins had higher ORs, they are not significantly 

different within or between statin drugs. The point estimates are within the 95% CI of all 

other comparator drugs in all instances (Table 4). Thus, in our cohort, variation in statin type 

or dose was not an important contributor to the onset of T2DM. Statin use per se was the 

major predictor of new onset T2DM (Table 4).

Statin use was significantly associated with 26% increased odds of T2DM onset in the 

present analysis of the data (OR = 1.26, 95% CI: 1.12–1.41, P < .0001). Meta-analysis of 

previously published matched propensity score analysis studies of incident T2DM onset and 

statin use showed the random effects model OR = 1.43 (95% CI: 1.31–1.56, Z = 7.94, P 
< .0001) (Table 5). Meta-analysis of prior studies that used propensity scores in some way 

other than matching to control for covariates indicated random effects model results OR = 

2.23 (95% CI: 1.76–2.84, Z = 6.62, P < .0001) (Table 6).
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The results of the present analysis indicate an association between statin use and new onset 

T2DM. For the meta-analysis, individual data acquired for each study were not available. 

Therefore, in the meta-analysis, only summary data were used. Meta-analysis of seven prior 

investigations and the present study that used matched propensity score analysis indicated 

an average 43% increased risk for incident T2DM (random effects), similar to the 26% 

point estimate from the present study (Table 5). The Q statistic (index of heterogeneity) was 

26.8 (I-squared 77.60, P < .0001, Qdf = 6) indicate the effects between studies vary. The Q 
statistic may be biased and have limited ability to evaluate homogeneity because of the small 

number of studies and the matching criteria to maximise methodological heterogeneity. 

Significant heterogeneity exists in the meta-analysis of only propensity matched studies 

(Table 5). In our meta-analysis, Q was 8-fold higher than among studies that used propensity 

scores to adjust for confounding in some other way than for matching (Table 6).

4 | DISCUSSION

The incidence of T2DM onset in the present population was 12.05 per 1000 population/

year, and the 4-year rate of T2DM onset was 48.2 per 1000 population in the present 

investigation. This rate was consistent with the unadjusted incidence of T2DM of 11.5 per 

1000 in the United States 65 years or older population.2 Previously identified risk factors for 

T2DM include family history of T2DM, age, obesity and physical inactivity, prior history 

of gestational diabetes, race, alcohol consumption, tobacco smoking and diet.10–14 Known 

risk factors that characterise metabolic syndrome include impaired glucose tolerance, 

dipocytokines, inflammatory factors and hepatocyte factors, and hypertension.15,31

Risks observed in the present study for T2DM include being male, African American, 

Hispanic (without regard to sex), statin use, hyperlipidaemia and hypertension, consistent 

with previously reported onset of T2DM risk factors.

In the present investigation, non-white (African American, Hispanic) ethnicity and male 

gender were significantly associated with T2DM onset in patients 65 years and older. 

Previous studies found that males were more likely to develop T2DM than females.32,33 

This trend has changed over the last 50 years. Females were more likely to be diagnosed 

with T2DM in recent years, associated with increasingly sedentary lifestyles and high 

energy, carbohydrate fatty diets.34,35 Consistent with prior studies, the current investigation 

found that African Americans and Hispanics were more likely to have an onset of T2DM 

than Caucasians in the Medicare population.36

High blood pressure is a common yet modifiable risk factor for T2DM onset. Those 

with hypertension are 2.5 times more likely to develop T2DM.37,38 In the present study, 

hypertension is associated with T2DM onset (P < .05) (Figure 2). Hyperlipidaemia is 

a proximate cause of hypertension, and a key component of the metabolic syndrome. 

Metabolic syndrome includes elevated triglycerides, low high-density lipoprotein [HDL] 

levels, high blood pressure, elevated glucose level and abdominal obesity with pro-

thrombotic and proinflammatory states.39 Individuals with metabolic syndrome are 

at a significantly higher risk of developing T2DM.40 In the present investigation, 

hyperlipidaemia was associated with T2DM onset in Medicare patients (P < .05) (Figure 
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2). Hyperlipidaemia and hypertension are significant predictors of T2DM onset, and are 

proxies for metabolic syndrome as a predictor for T2DM onset.41 Hyperlipidaemia had an 

adjusted HR of 1.99 (95% CI: 1.88–2.12) in the present study (Figure 2).

4.1 | Statins use and T2DM onset

This study also found a significant increase in the odds of developing T2DM after statin 

exposure, OR = 1.26 (95% CI: 1.12–1.41) matched propensity score analysis (Table 3). The 

statin-specific analyses by the same techniques revealed that each drug had an OR within 

the 95% CI of the overall OR of 1.26 (Table 4). The difference in OR between statins 

by dose or within statin type was not significant. The differences between lower intensity 

(pravastatin, lovastatin) and higher (atorvastatin, rosuvastatin, simvastatin) intensity statins 

was not significant.

The HMG-CoA inhibitors (statins) are one of the most commonly prescribed drugs 

worldwide to reduce cholesterol and prevent or manage coronary heart disease.21,42 In a 

meta-analysis of 13 randomised trials, the use of statins was associated with a 12% increase 

in the risk of T2DM onset, with the risk being the highest in older populations ≥65 years.43 

In an analysis of the World Health Organisation’s pharmacovigilance database (n = 177 323 

statin-exposed subjects), the OR = 1.75 (95% CI: 1.72–1.78) was reported.44

The association between statin therapy and T2DM onset was first observed in a 2008 

study.45 Computed from Ridker’s reported data, the statin unadjusted OR for T2DM (1.34, 

95% CI: 1.10–1.63, P < .004), indicates a 34% increased risk for diabetes with statin therapy 

(n = 8901) compared to those not on statin therapy (n = 8901) in a prospective trial to 

test statin effects on C-reactive protein. A slightly increased risk (9%-11%) for T2DM was 

found in two summaries of 94 938 individuals from several studies.46,47 Analysis of 76 

RCTs involving 170 255 participants revealed a modestly increased incident diabetes among 

statin users (OR = 1.09, 95% CI: 1.02–1.17).48 Women’s Health Initiative investigators 

reported a 48% increased risk of new onset T2DM in 7076 women prescribed a statin, after 

adjusting for potential confounding factors.49 In a large population based study (n = 471 

250), a dose-response association of the increased risk (10%–22%) for new onset T2DM for 

atorvastatin, simvastatin and rosuvastatin.50 Another study reported that statin users (n = 10 

910) had a 87% higher frequency of new onset T2DM than non-statin users (n = 49 545), 

including diabetic complications after adjustment for potential confounders.51

Comparison of our results to previously published studies includes only those studies that 

matched case and control on propensity scores. Seven such studies met the criteria and were 

included in the meta-analysis. The meta-analysis shows that statins had a significant effect 

on T2DM onset (Random Effects OR = 1.43, 95% CI: 1.31–1.56, Z = 7.94 P < .0001) 

(Table 5). In analyses that used propensity scores but not in matched analyses (ie, used 

the probability as an independent variable/covariate), the random effect result was higher 

in prior meta-analyses. Our meta-analysis of propensity score unmatched studies found a 

significantly higher OR (Random Effects OR = 2.23, 95% CI:1.76–2.84, Z = 6.62 P < .0001) 

for new onset T2DM (Table 6), perhaps reflecting inadequate adjustment for confounding 

by using an adjustment method other than matching to use propensity scores as covariates. 

These data strongly support an association between statin use and subsequent new T2DM 
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onset. This is a difficult determination, however, because approximately 70% of T2DM 

patients are dyslipidaemic. Some may be diagnosed with hypercholesteraemia before being 

diagnosed with T2DM. By design the first 4 years of the study population was T2DM-free. 

The effects of all types of statins were within the 95% CI of other statins, indicating no 

significant differences among the types of statins and risk of T2DM onset.

Possible mechanisms involve more than 15 pathways through which statins may plausibly 

affect risk of new onset T2DM.21,52–54 Statins up regulate low density lipoprotein 

receptor gene (LDLP) via sterol regulatory element-binding protein 2 (SREBP2). Increased 

LDLP causes cellular cholesterol accumulation and dysfunction in pancreatic islets.54 

Fat accumulation in liver and pancreas has been associated with onset of T2DM. The 

excess liver fat worsens hepatic insulin response, which in-turn causes increased glucose 

production. Excess pancreatic fat causes fat induced metabolic stress, which results in 

pancreatic β cells entering survival mode and apoptosis. Therefore, the pathway for statins 

effects on T2DM may involve inflammatory response, LDL toxicity, increased cholesterol in 

cells and β cell dormancy/apoptosis.55,56 The risk: benefit evaluation of new onset T2DM 

risk and use of statins considering the cardiovascular benefits do not suggest discontinuation 

of medication with a known therapeutic advantage.57 The risk of incident diabetes showed 

a continuous increasing trend with higher levels of adherence, compared to dyslipidaemia 

patients with low adherence, supporting the role of the drug but not dose in the 2014 meta-

analysis.58 In another study, increasing statin dose was associated with an increased risk 

of incident TDM.59 However, considering its effect on reducing coronary events, previous 

studies have recommended no change in clinical decision making for medium to high risk of 

cardiovascular diseases.46

4.2 | T2DM co-morbidities

The study also identified several new associations with T2DM onset such as other 

retinopathy, blindness and low vision, ulcer of lower limbs, angina pectoris, absence of other 

chronic IHD, heart failure and atherosclerosis. Prior investigations suggest that nearly 21% 

of individuals who are diagnosed with T2DM also have some level of retinopathy at the time 

of diagnosis.60 In individuals who do not have T2DM-related retinopathy, symptoms are 

generally a manifestation of either retinal micro aneurysms or blot haemorrhages. Advanced 

age and hypertension are associated with the development of non-diabetic retinopathy but 

hypertension and T2DM are risk factors for retinopathy in individuals who are <65 years of 

age years.61

In the present study, it was found that retinopathy (other retinopathy, blindness or low 

vision) was associated with T2DM onset in Medicare patients (P < .05) (Figure 2). One 

possible explanation is that when an optometrist or other provider evaluates a Medicare 

beneficiary for non-diabetic retinopathy, they may recommend T2DM screening. This 

interaction with their provider and subsequent evaluation of blood glucose and/or HbA1c 

can lead to diagnosis of T2DM.

Vascular ulcers such as ulcers of lower limbs are a common cause for older patients to visit 

a provider.62 In the study presented here, non-diabetic ulcer of lower limbs was associated 

with T2DM onset in Medicare patients (P < .05).
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As mentioned above, metabolic syndrome is characterised by clustering of risk factors such 

as prothrombotic state, hypertension and dyslipidaemia. Metabolic syndrome independently 

contributes to CVD and T2DM.63 This study evaluated several cardiovascular conditions 

associated with T2DM: angina pectoris, atherosclerosis, heart failure and other chronic 

IHD. Clinical and laboratory data related to metabolic syndrome were not available 

to further evaluate if the observed associations are due to the underlying metabolic 

syndrome. Despite this limitation, these findings provide valuable information to providers 

about the prognosis of T2DM. Cardiovascular conditions significantly associated with 

T2DM included: angina pectoris (angina); characterised by chest pain or discomfort, often 

associated with myocardial ischemia, arterial insufficiency or hypoxia. Angina is generally 

a symptom for an underlying cause such as coronary artery disease.64 Angina pectoris 

is associated with T2DM onset in the present study (P < .05). Associations of angina 

pectoris and T2DM onset must be re-evaluated by analysing the underlying causes. The 

diagnostic codes for other chronic IHD are associated with loss of elasticity and thickening 

of the coronary arteries, leading to progressive arterial insufficiency or “stiffness.” This 

study found in bivariate analysis that other chronic IHD was associated with T2DM onset. 

However, when adjusted for other factors, IHD had a protective effect on T2DM onset. This 

finding suggests that individuals who have hypertension and hyperlipidaemia and also have 

IHD might have different health-related behaviour (eg, medication adherence, compliance 

etc.) perhaps preventing or delaying onset of T2DM.65 Heart failure and atherosclerosis 

were associated with T2DM onset Medicare patients 65 years and older (Figure 2).

The findings from this study can be used to inform interventions for sub-groups of 

people at the highest risk of developing T2DM. For example, the sociodemographic and 

clinical profile of patients 65 years and older with T2DM onset could be used to: (a) 

educate patients, providers, payers and other stakeholders; (b) develop Diabetes Prevention 

Programs; (c) design public health policies and/or; (d) to select individuals into disease 

management programs in-turn; this may help to improve quality of life and reduce T2DM 

disease burden. The study provides considerable support for the tendency of statin use and 

T2DM incidence, but future definitive studies should be of a randomised placebo-controlled 

prospective design.

4.3 | Study limitations

Administrative Data, as used in this study, do not include clinical and laboratory findings 

such as physician notes and HbA1c levels, which would have provided a more accurate 

measure of T2DM onset. Further, the lack of clinical and laboratory data limits the 

possibility of evaluating any confounding independent risk factors. Data such as nutrition, 

physical activity, BMI, original diagnosis date for T2DM are also not available. The study 

does not further split the study cohort based on pre-diabetes and/or undiagnosed individuals. 

Individuals with metabolic syndrome could not be identified due to lack of data such as 

BMI and cholesterol data. These types of data are routinely not available in claims and 

administration data sets. As with other similar retrospective studies, there is a potential 

for error in the information coded on the administrative data. Even though the claims are 

audited on a regular basis, it is a rare possibility that potential for error in the information 

coded on medical claims due to provider error, fraud, etc. may occur. Many controls are 
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in place to manage this risk. As with similar retrospective studies, this type of analysis 

can only establish associations and is not intended to establish causation of T2DM onset, 

although matched propensity score analysis was used. Matched propensity score analysis 

was developed as a way to infer causality from retrospective data,66 but that property is not 

discussed here because a prospective study is needed to conduct a true causality analysis 

of the statin-T2DM association. This was a quasi-experimental study (ie, it is not a true 

randomised study). The factors (covariates, confounding variables, etc.) will not be random 

and it is not possible to eliminate bias or confounding, especially when some confounders 

are not recorded in the database (eg, BMI, HbA1c and other clinical chemistry are not 

available in the administrative data).

Exclusion criteria (disabled individuals, individuals with ESRD or chronic kidney disease) 

in the study cohort also limit the generalizability of the study.

In summary, longitudinal analysis of the use of statins in this large Medicare population 

was associated with a propensity score adjusted 26% increased risk of new T2DM onset. 

To maintain a realistic clinical perspective, it was estimated that the clinical benefit from 
statin therapy is 50 times greater than the risk of incident T2DM.67 Longitudinal analysis of 

the use of statins in this large Medicare population was associated with several modifiable 

(social or behavioural) risk factors for new onset T2DM. Several T2DM onset risk factors 

(atherosclerosis, hyperlipidaemia, hypertension, PVD) are modifiable and are treated by 

statins. Statins have a propensity score adjusted 43% increased risk of new T2DM onset 

across seven studies plus the current study, which used a matched propensity score study 

design. Statin therapy should not be discontinued to avoid the risk of T2DM. However, the 

association between T2DM and statins should certainly be studied further. Future studies 

should focus on how to minimise risk of T2DM with continued statin therapy, which has 

such great therapeutic benefit that one is driven to continue its use. The most informative 

of these future studies will be large, prospective studies in populations for which complete 

clinical and pharmacy data are available. This will allow effective preventive interventions 

while continuing highly beneficial medical therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Unadjusted Cox proportional hazard for T2DM onset (MI, Myocardial infarction; ASCVD, 

atherosclerotic cardiovascular disease; IHD, ischemic heart disease; Race other, non-white 

and non-African American)
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FIGURE 2. 
Adjusted Cox proportional hazard for T2DM onset (IHD, ischemic heart disease; Race 

other, non-white and non-African American)
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TABLE 1

Baseline demographic and T2DM onset characteristics

Characteristic No Onset
a
 (n = 85 076) Onset

b
 (n = 4314) P value

Age, mean (SD), years 73.0 (5.6) 72.1 (5.1) <.0001

Female sex 63.5% 60.3% <.0001

Race/ethnicity <.0001

 White 75 051 (88.3) 3465 (80.5)

 Black 6316 (7.4) 542 (12.5)

 Others 3640 (4.3) 300 (7.0)

Note: Data are represented as n (%).

a
Missing data in no onset cohort: race (n = 69).

b
Missing data in onset cohort: race (n = 7).

Diabetes Metab Res Rev. Author manuscript; available in PMC 2022 May 07.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tangelloju et al. Page 19

TABLE 2

Baseline comorbidities

Characteristic No Onset (n = 85 076) Onset (n = 4314) P value

Hypertension 50 336 (59.2) 3024 (70.1) <.0001

Hyperlipidaemia 50 636 (59.5) 2993 (69.4) <.0001

Retinopathy

 Other retinopathy 795 (0.9) 42 (1.0) .7950

 Retinal oedema 351 (0.4) 15 (0.3) .5150

 CSME 430 (0.5) 26 (0.6) .3820

 Other retinal disorders 294 (0.3) 10 (0.2) .2100

 Retinal detachment 647 (0.8) 37 (0.9) .4750

 Blindness 535 (0.6) 32 (0.7) .3620

Neuropathy

 Neurogenic bladder 154 (0.2) <10 .7770

 Gastroparesis/diarrhoea 174 (0.2) 12 (0.3) .3000

 Orthostatic hypotension 1226 (1.4) 57 (1.3) .5190

Cerebrovascular

 TIA 1486 (1.7) 78 (1.8) .7640

 Stroke 5104 (6.0) 288 (6.7) .0690

Cardiovascular

 Atherosclerosis 4216 (5.0) 311 (7.2) <.0001

 Other IHD 675 (0.8) 66 (1.5) <.0001

 Angina pectoris 1773 (2.1) 155 (3.6) <.0001

 Other chronic IHD 10 445 (12.3) 664 (15.4) <.0001

 Myocardial infarction 588 (0.7) 37 (0.9) .2000

 Ventricular fibrillation, arrest 5508 (6.5) 308 (7.1) .0840

 Atrial fibrillation, arrest 78 (0.1) <10 .3220

 Other ASCVD 761 (0.9) 55 (1.3) .0100

 Old myocardial infarction 2761 (3.2) 197 (4.6) <.0001

 Heart failure 2673 (3.1) 208 (4.8) <.0001

 Atherosclerosis, severe 38 (0.0) <10 .9590

 Aortic aneurysm/dissection 1307 (1.5) 52 (1.2) .0830

Peripheral vascular disease

 Other aneurysm, LE 35 (0.0) <10 .3770

 Foot wound + complication 26 (0.0) <10 .7860

 Embolism/thrombosis (LE) 75 (0.1) <10 .5520

 Ulcer of lower limbs 493 (0.6) 22 (0.5) .5560

Note: Data are expressed as n (%). Baseline year = 2011.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; IHD, ischemic heart disease; LE, lower extremity; TIA, transient ischemic attack.
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TABLE 3

Matched propensity score analysis of statins and new onset T2DM

No T2DM Onset T2DMOnset Total

No statins 1110 979 2089

Statin use 1195 1326 2521

2305 2305 4610

Note: OR = 1.26 (95% CI: 1.12–1.41). P < 0.001 with McNemar test.

Diabetes Metab Res Rev. Author manuscript; available in PMC 2022 May 07.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tangelloju et al. Page 21

TA
B

L
E

 4

C
om

pa
ri

so
n 

of
 s

ta
tin

s 
us

ed
 b

y 
pa

tie
nt

s 
in

 th
is

 s
tu

dy
 b

et
w

ee
n 

T
2D

M
 a

nd
 n

on
-T

2D
M

: P
ro

pe
ns

ity
 s

co
re

 m
at

ch
ed

O
R

L
o

H
i

P
 (

M
cN

em
ar

’s
 T

es
t)

P
 (
χ

2 )

O
ve

ra
ll

O
ve

ra
ll

1.
26

1.
12

1.
41

<
.0

00
1

.0
00

1

A
to

rv
as

ta
tin

O
ve

ra
ll

1.
33

1.
09

1.
63

<
.0

00
1

.0
05

1

M
od

er
at

e
1.

26
0.

99
1.

61
<

.0
00

1
.0

56
2

H
ig

h
1.

46
1.

07
1.

99
<

.0
00

1
.0

15
5

R
os

uv
as

ta
tin

O
ve

ra
ll

1.
52

1.
14

2.
04

<
.0

00
1

.0
04

5

M
od

er
at

e
1.

40
0.

99
1.

98
<

.0
00

1
.0

57
1

H
ig

h
1.

83
1.

11
3.

01
<

.0
00

1
.0

16
8

L
ov

as
ta

tin
O

ve
ra

ll
1.

54
1.

21
1.

96
<

.0
00

1
.0

00
5

L
ow

1.
45

1.
05

2.
01

<
.0

00
1

.0
24

4

M
od

er
at

e
1.

63
1.

17
2.

27
<

.0
00

1
.0

03
3

Pr
av

as
ta

tin
O

ve
ra

ll
1.

35
1.

09
1.

67
<

.0
00

1
.0

05
7

L
ow

1.
26

0.
91

1.
75

<
.0

00
1

.1
58

5

M
od

er
at

e
1.

40
1.

08
1.

81
<

.0
00

1
.0

09
9

Si
m

va
st

at
in

O
ve

ra
ll

1.
46

1.
27

1.
68

.8
32

3
<

.0
00

1

L
ow

1.
76

1.
22

2.
53

<
.0

00
1

.0
02

1

M
od

er
at

e
1.

44
1.

24
1.

66
.0

94
2

<
.0

00
1

Diabetes Metab Res Rev. Author manuscript; available in PMC 2022 May 07.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tangelloju et al. Page 22

TA
B

L
E

 5

M
et

a-
an

al
ys

is
 o

f 
pr

op
en

si
ty

 s
co

re
 m

at
ch

ed
 a

na
ly

se
s

95
%

 C
I

A
ss

es
sm

en
t

N
O

R
/H

R
lo

hi
P

 <
In

ve
st

ig
at

or
s

A
ny

 s
ta

tin
90

43
1.

27
1.

14
1.

41
.0

01
L

in
 e

t a
l68

A
ny

 s
ta

tin
33

51
1.

87
1.

67
2.

01
.0

01
M

an
si

 e
t a

l69

A
ny

 s
ta

tin
67

28
1.

34
1.

24
1.

44
.0

01
M

an
si

 e
t a

l51

A
to

rv
as

ta
tin

81
8

1.
99

1.
00

3.
98

.0
5

Pa
rk

 e
t a

l70

A
ny

 s
ta

tin
16

99
1.

99
1.

36
2.

92
.0

01
R

ha
 e

t a
l71

A
ny

 s
ta

tin
16

09
1.

66
1.

14
2.

42
.0

01
V

an
de

 W
oe

st
ijn

e72

A
ny

 s
ta

tin
50

0
1.

61
1.

10
2.

37
.0

01
Y

am
ak

az
i73

A
ny

 s
ta

tin
46

10
1.

26
1.

12
1.

41
.0

00
1

T
hi

s 
st

ud
y

95
%

 C
I

M
et

a-
an

al
ys

is
O

R
L

o
H

i
Z

-v
al

ue
P-

va
lu

e

Fi
xe

d
1.

33
1.

29
1.

37
17

.8
42

.0
00

1

R
an

do
m

1.
43

1.
31

1.
56

7.
94

.0
00

1

H
et

er
og

en
ei

ty
 

Q
-v

al
ue

Q
 d

f
P-

va
lu

e
I-

sq
ua

re
d

26
.7

9
6

<
.0

00
1

77
.6

06

Ta
u 

sq
ua

re
d

SE
V

ar
ia

nc
e

Ta
u

0.
00

8
0.

00
8

0.
00

0
0.

09
0

Diabetes Metab Res Rev. Author manuscript; available in PMC 2022 May 07.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tangelloju et al. Page 23

TA
B

L
E

 6

M
et

a-
an

al
ys

is
 o

f 
pr

op
en

si
ty

 s
co

re
 a

dj
us

te
d,

 n
ot

 m
at

ch
ed

 a
na

ly
se

s

95
%

 C
I

N
ot

 m
at

ch
ed

N
O

R
L

o
H

i
P 

<
In

ve
st

ig
at

or
s

Sp
ec

if
ic

 s
ta

tin
:

 
A

to
rv

as
ta

tin
×

10
65

2.
80

1.
74

4.
49

.0
01

C
he

n 
et

 a
l74

 
Pr

av
as

ta
tin

3.
41

1.
66

7.
04

0.
00

1
.0

01
C

he
n 

et
 a

l74

 
R

os
uv

as
ta

tin
4.

69
2.

78
7.

92
0.

00
1

.0
01

C
he

n 
et

 a
l74

 
Si

m
va

st
at

in
4.

09
2.

52
6.

64
0.

00
1

.0
01

C
he

n 
et

 a
l74

A
ny

 s
ta

tin
44

60
1.

19
1.

05
1.

35
.0

07
C

as
tr

o 
et

 a
l75

A
ny

 s
ta

tin
70

76
1.

43
1.

28
1.

58
.0

5
C

ul
ve

r 
et

 a
l49

A
ny

 s
ta

tin
2 

01
6 

09
4

1.
57

1.
54

1.
59

.0
1

M
ac

ed
o76

A
ny

 s
ta

tin
53

 2
12

2.
07

1.
77

2.
42

.0
00

1
O

lo
tu

 e
t a

l77

 
A

to
rv

as
ta

tin
27

 1
55

1.
95

1.
62

2.
35

.0
00

1
O

lo
tu

 e
t a

l77

 
Fl

uv
as

ta
tin

16
38

1.
95

1.
28

2.
96

.0
03

O
lo

tu
 e

t a
l77

 
L

ov
as

ta
tin

35
70

2.
45

1.
82

3.
25

.0
00

1
O

lo
tu

 e
t a

l77

 
Pr

av
as

ta
tin

58
70

1.
40

1.
04

1.
87

.0
00

1
O

lo
tu

 e
t a

l77

 
R

os
uv

as
ta

tin
27

66
1.

75
1.

19
2.

56
.0

00
1

O
lo

tu
 e

t a
l77

 
Si

m
va

st
at

in
12

 2
13

1.
79

1.
43

2.
24

.0
00

1
O

lo
tu

 e
t a

l77

95
%

 C
I

M
et

a-
an

al
ys

is
 

O
R

lo
hi

Z
P

 <

Fi
xe

d
1.

66
1.

59
1.

74
21

.3
4

.0
00

1

R
an

do
m

2.
23

1.
76

2.
84

6.
61

7
.0

00
1

H
et

er
og

en
ei

ty
 

Q
-v

al
ue

Q
 d

f
P-

va
lu

e
I-

sq
ua

re
d

21
4.

34
9

10
<

.0
00

1
95

.3
35

Ta
u 

sq
ua

re
d

SE
V

ar
ia

nc
e

Ta
u

0.
14

8
0.

09
6

0.
00

9
0.

38
5

Diabetes Metab Res Rev. Author manuscript; available in PMC 2022 May 07.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design
	Study cohort
	Inclusion criteria
	T2DM definition
	Covariates

	Statistical analysis

	RESULTS
	DISCUSSION
	Statins use and T2DM onset
	T2DM co-morbidities
	Study limitations

	References
	FIGURE 1
	FIGURE 2
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5
	TABLE 6

