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ABSTRACT 

Aims: To determine statins’ impact on skin infection risk in view of conflicting literature: 

that statins may reduce infection risk, but are also associated with diabetes mellitus, a risk 

factor for skin and soft tissue infections (SSTIs). 

Methods: Sequence symmetry analysis (SSA) was performed on prescription claims (2001 to 

2011) from the Australian Department of Veterans’ Affairs to determine the 

interrelationships between: [i] statins and SSTIs, [ii] statins and diabetes, and [iii] diabetes 

and SSTIs; as well as whether statins increased the risk of SSTIs, independent of diabetes 

status. Chi-square tests were performed to detect differences in Index of Relative Socio-

economic Advantage and Disadvantage scores of patients within each interrelationship. 

Prescriptions for statins, antidiabetic medication, and antistaphylococcal antibiotics were 

evaluated using non-identifiable client numbers, prescription dates filled, residential 

electorates, and pharmaceutical codes. Adjusted sequence ratio (ASR) and confidence 

interval (CI) were calculated at intervals of 91, 182, and 365 days for SSA studies. 

Results: Statins were associated with: [i] significant SSTI risk (ASR > 1; CI >1), [ii] 

significant diabetes risk, and [iii] diabetic patients had increased risk of SSTIs. Diabetic and 

non-diabetic statin users had significantly increased risks of SSTIs, while the influence from 

socio-economic status was not significant for each of the three relationships.  

Conclusions: Statins are associated with increased risk of SSTIs via direct and indirect 

mechanisms, likely independent of diabetes or socio-economic statuses. We believe clinicians 

should be aware of the association between statins and SSTIs, and where appropriate, 

monitor blood glucose levels of statin users. 

KEYWORDS 
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STRUCTURED SUMMARY 

What is already known about this subject: 

 Staphylococcus aureus is a major bacterial cause of skin and soft tissue infections

(SSTIs).

 Statins might reduce the risk of S. aureus infections, but being ironically associated with

new-onset diabetes mellitus (a risk factor for SSTIs), it is not known if statins reduce

SSTI risks.

What this study adds: 

 Statin use over as little as 91 days is associated with increased risk of SSTIs and diabetes.

 The increased SSTI risk appears unbiased by diabetes or socio-economic statuses.
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INTRODUCTION 

Staphylococcus aureus is a major cause of bacterial skin and soft tissue infections (SSTIs), 

which are prevalent amongst different age groups and may range from superficial to deep-

seated infections, consuming considerable hospital resources [1]. Statins are 3-hydroxy-3-

methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, widely prescribed worldwide 

to reduce the risk of cardiovascular diseases by lowering plasma cholesterol [2]. Additionally, 

statins may reduce the risk of community-acquired S. aureus bacteraemia and exert 

antibacterial effects against S. aureus [3]. It is thus reasonable to hypothesise that statins 

could lower the risk of SSTIs or evolve into promising novel treatments for SSTIs. 

However, statins may also induce new-onset diabetes mellitus (“diabetes mellitus” referred as 

“diabetes” hereafter) [4], which is a risk factor for SSTIs [1]; and skin colonisation with S. 

aureus predisposes diabetic patients to infections [5]. Moreover, inhibition of epidermal 

cholesterol synthesis may compromise the skin’s barrier function [6]. If statins increased the 

risk of SSTIs, escalated healthcare expenditure would likely ensue due to the extensive use of 

statins. 

This study was conducted to determine which of the conflicting postulations manifest by 

utilising sequence symmetry analysis (SSA) on data obtained from the Australian Department 

of Veterans’ Affairs (DVA). Thereafter, probable mechanisms based on available clinical 

evidence are discussed. 

METHODS 

The SSA was originally used as an economical and rapid means of reviewing adverse drug 

reactions using prescription drugs [7]. The analysis was later expounded [8], and has since 

http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=639
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=639
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gained popularity in pharmacoepidemiology to detect adverse events [7]. Advantages of the 

SSA over other epidemiological study designs include controlling for confounding factors 

which do not vary considerably over the study period, such as age, sex, or genetics [7, 9]. 

To detect adverse events using SSA, the sequence of incident (first-time) prescriptions of 

patients taking both the drug of interest (index drug) and the drug specifically indicated for 

treating the adverse event (marker drug) is examined [8, 9]. Prescription sequences with 

intervals greater than 365 days between the index and marker drugs were not analysed to 

minimise potential time-varying confounders such as age. If the index drug increases the 

probability of an event, the number of incident index drugs prescribed first (nindex→marker) will 

be expected to be significantly larger than the number of incident marker drugs prescribed 

first (nmarker→index). The crude sequence ratio (CSR) of incident prescriptions 

(nindex→marker)/(nmarker→index) will thus be greater than unity. The fundamental assumption for 

this analysis is that if there was no causal association, incident users of both the index and 

marker drugs follow similar incidence trends for each drug in the study population [9]. 

Incident prescribing trends may vary over time. Hence a null-effect sequence ratio (NSR), the 

expected sequence ratio in the absence of any causal relationship, is calculated to adjust for 

these trends (Appendix 1) [8, 9]. The adjusted sequence ratio (ASR), calculated as CSR/NSR, 

is the incidence rate ratio of marker drug prescribing in index drug exposed versus non-

exposed person-time [8]. Since the variance of the NSR is negligible compared to the 

variance of the CSR (which is much larger), the confidence interval (CI) of ASR is therefore 

largely determined by the CI of the CSR and calculated using the binomial distribution and 

crude number of sequences [8]. 
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Data source  

Permission was obtained from DVA to study prescription claims made by over 228,000 

veterans, war widows, and widowers from 1st January 2000 to 31st December 2012 [10]. 

Prescriptions filled for statins (atorvastatin, fluvastatin, pravastatin, rosuvastatin, and 

simvastatin), antidiabetic medication (insulins, insulin analogues, and oral blood glucose 

lowering drugs), and antistaphylococcal antibiotics (dicloxacillin and flucloxacillin) were 

examined using non-identifiable client numbers, dates of prescriptions filled, residential 

electorates, and Anatomical Therapeutic Chemical codes as defined by the World Health 

Organization (Appendix 2) [11]. 

Primary analysis 

A waiting-time distribution graph of the total number of all first-time prescriptions filled was 

plotted from 1st January 2000 to 31st December 2012 to determine the run-in period, which 

was the time required to differentiate incident users (evenly distributed over the study period) 

from prevalent users (clustered at the initial phase of the study period) [8, 9]. 

Thereafter, SSA was performed on prescription data from the study period (after the run-in 

period) to determine if: [i] statins increased risk of SSTIs (index[statins]; marker[antistaphylococcal 

antibiotics]); [ii] statins increased risk of diabetes (index[statins]; marker[antidiabetic medication]); and [iii] 

diabetic patients were susceptible to SSTIs (index[antidiabetic medication]; marker[antistaphylococcal 

antibiotics]) (Figure 1). The SSA was performed at window intervals of 91, 182, and 365 days 

for each relationship to identify variations in risk over time.  

http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2949
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2951
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2953
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2954
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2955
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Confirmatory analysis 

Amongst all statin users in the study period, additional SSA was performed on diabetics 

(taking antidiabetic medication) and non-diabetics (not taking antidiabetic medication) to 

determine if statins contributed to the risk of SSTIs independently, regardless of diabetes 

status.  

Secondary analysis 

The Index of Relative Socio-economic Advantage and Disadvantage (IRSAD) provides a 

snapshot of the socio-economic status of inhabitants within a residential area in Australia 

[12]. A low or high score suggests that residents are generally disadvantaged or advantaged 

respectively, with the overall average score being 1006 [12]. The Chi-square test was used to 

detect if the proportion of (nindex→marker) patients to (nmarker→index) patients with relatively 

disadvantaged (IRSAD < 1006) and advantaged (IRSAD > 1006) socio-economic conditions 

differed significantly for each of the associations studied. 

Statistical analysis 

Data were analysed using SAS version 9.2 (SAS Institute Inc., Cary, North Carolina, USA) 

and graphs drawn with GraphPad Prism version 7 (GraphPad Software, La Jolla, California, 

USA).  

Ethics approval 

This study was approved by the DVA Ethics Committee (E014/003). 
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RESULTS 

Primary analysis 

A run-in period of six months was required to exclude prevalent users. Our study period was 

hence from 1st July 2001 to 31st December 2011 inclusive, to allow the analysis of the 365 

days window interval preceding the first drug prescribed, and 365 days window interval 

following the last drug prescribed.   

Overall, statins were associated with a significant risk of SSTIs. This risk was similar over 

91, 182, or 365 days (Figure 2: ASR = 1.40, 1.41, and 1.40 respectively; CI > 1), with the 

greatest influence from atorvastatin and simvastatin (Figure 2). 

Statins were also associated with a significant risk of new-onset diabetes, with a slight 

decrease in risk gradually over 91, 182, and 365 days (Figure 3: ASR = 1.19, 1.14, and 1.09 

respectively; CI > 1). Atorvastatin and simvastatin were also the greatest contributors to this 

outcome, albeit the individual results of atorvastatin and simvastatin were not statistically 

significant over 365 days (Figure 3).  

Patients with diabetes were associated with increased risk of SSTIs at the 182 and 365 days 

window (Figure 4: ASR = 1.2 and 1.24 respectively, CI > 1 respectively), but the risk was 

nonsignificant at the 91 days window (Figure 4: ASR = 1.14; CI overlaps unity). 

Confirmatory analysis 

Non-diabetic statin users were found to have significant SSTI risks over 91, 182, and 365 

days (Figure 5: ASR = 1.39, 1.41, and 1.37 respectively, CI > 1 respectively). Diabetic statin 
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users were similarly associated with significant SSTI risks over 91, 182, and 365 days (Figure 

5: ASR = 1.43, 1.42, and 1.49 respectively, CI > 1 respectively). 

Secondary analysis 

The proportion of (nindex→marker) patients to (nmarker→index) patients with relatively 

disadvantaged (IRSAD < 1006) and advantaged (IRSAD > 1006) socio-economic conditions 

did not differ significantly for: [i] statin and antibiotic users (p = 0.716); [ii] statin and 

antidiabetic users (p = 0.07); and [iii] antidiabetic and antibiotic users (p = 0.94). 

DISCUSSION 

To our knowledge, there are currently no known clinical studies of statins distinctly 

associated with the risk of SSTIs. However, there are conflicting conclusions about the effect 

of statins on the risk of general infections, some supporting statins reducing the risk of 

infections [3, 13], while others refute this beneficial outcome [14, 15]. By reconciling our 

results with available literature that utilise non-SSA related methodologies, clinical outcomes 

which align with our results would support plausible mechanism(s) of action for statins in 

SSTIs and diabetes. 

Statins and risk of SSTIs 

Current clinical literature supports direction [ii] (statins being associated with diabetes) [4, 

16], as well as direction [iii] (diabetes being associated as a risk factor of skin infections) [1, 

17]. Our results were in alignment, showing that statins increased the risk of SSTIs (Figure 

2), statin users were associated with an increased risk of diabetes (Figure 3), and diabetes was 

associated with an increased risk of SSTIs (Figure 4). The confirmatory analysis revealed that 

both non-diabetic and diabetic statin users have similar significantly increased risks of SSTIs 
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(Figure 5), alluding to statin use as an important contributor to SSTI risk. Viewed 

collectively, it may be posited that statins are associated with an increased SSTI risk, whether 

via direct non-diabetogenic mechanisms (Figure 1: direction [i]), or via indirect diabetogenic 

mechanisms (Figure 1: directions [ii] and [iii]). 

The findings of this study were in contrast to those reported by Pouwels et al. [18], who 

reported a reduction in antibiotic use in drug-treated type 2 diabetic statin users compared to 

non-users. Although their research design also utilised SSA, they did not examine the effects 

of narrow spectrum antibiotics (such as dicloxacillin and flucloxacillin) which target mainly 

staphylococci, a major bacterial causative agent for SSTIs [1]. By studying all beta-lactam 

penicillins as a group [18, 19], the effects of broad spectrum beta-lactam antibiotics on a 

variety of both Gram-positive and Gram-negative bacteria may mask or confound the results 

specific to Gram-positive staphylococci. Hence, it is possible that our results differed despite 

using the same methodology.  

Interestingly, although the study by Liappis et al. concluded that statins may have a 

potentially therapeutic role in bacteraemic infections, they noted a statistically significant 

increase in SSTIs among patients with bacteraemia who were receiving statins, compared to 

those who were not using statins [20]. The work of both Liappis et al. (not designed a priori 

to detect an association between statins and SSTIs) and our study (designed a priori to detect 

this association) suggests the association between statins and SSTIs is unlikely to be spurious. 

Statins and risk of diabetes 

The diabetogenic mechanisms of statins may involve increased insulin resistance and/or 

diminished pancreatic β-cell function [4]. Patients with diabetes have impaired immunity, 
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undermining the defence against pathogens such as S. aureus, hence increasing the risk of 

SSTIs [21]. Our study revealed that the sensitive period whereby statin exposure exerted the 

greatest risk, was within 91 days after statin commencement, especially for atorvastatin and 

simvastatin (Figure 3). This suggests statin-induced diabetogenic mechanisms may be 

completed as soon as within 91 days. 

The use of statins may upregulate low-density lipoprotein (LDL) receptors to reduce plasma 

LDL cholesterol (LDL-C), resulting in increased intracellular LDL-C burden and diminished 

pancreatic β-cell function [4]. In addition, the reduction of coenzyme Q10 as a result of 

mevalonate pathway inhibition may disrupt mitochondrial electron transport and impair 

insulin secretion [4]. Clinical studies have shown that blood levels of LDL-C and coenzyme 

Q10 were reduced after daily doses of simvastatin (LDL-C ↓34.7%, coenzyme Q10 ↓31.2% 

after 28 days) and atorvastatin (LDL-C ↓51%, coenzyme Q10 ↓52% after 30 days) [22]. 

Reduced levels of LDL-C and/or coenzyme Q10 by statins are associated with an increased 

risk of diabetes [4], which could be plausible mechanisms explaining our results 

demonstrating increased diabetes risk induced by statins within 91 days. 

Disruption of the human gut microbiome, or gut dysbiosis, has been associated with the 

impaired metabolism of bile acids, which may impede glucose control and diminish innate 

immunity [23]. Bile acids regulate glucose homeostasis through the activation of nuclear 

receptors such as the pregnane X receptor (PXR), and mount antimicrobial defences via 

activation of the vitamin D receptor [24]. Statins have been found to influence the human gut 

microbiome [25], and remodelling of murine gut microbiota resulted in increased risk of 

diabetes in mice via PXR activation [26]. The clinical implication of gut dysbiosis associated 

with statins is uncertain as our study could not verify this mechanism.  
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A decrease in vitamin D levels may raise the risk of diabetes directly (via interference with 

insulin receptors, signalling, and glucose transport) or indirectly (secondary to 

hyperparathyroidism) [27]. However, the overall effect of statins on vitamin D levels in 

humans is ambiguous. Statins decrease cholesterol (a precursor of vitamin D), which 

theoretically limits downstream vitamin D production. Yet, conflicting results revealed that 

statins may raise vitamin D levels (via competitive inhibition of the cytochrome P450 

enzyme activity and activation of cholesterol membrane transporters to increase intestinal 

absorption of vitamin D) [28], as well as studies which showed that statins do not increase 

serum levels of vitamin D [29].  

The net effects of vitamin D on infections also appear ambivalent. Vitamin D may prevent 

infections by boosting the innate immunity (rapid response) through augmenting chemotaxis, 

phagocytosis, and activation of antimicrobial peptides [30]. However, by increasing T 

regulatory cells (Treg), and inhibiting T helper cell type 1(Th1) and type 17 (Th17) [30], the 

adaptive immune system (delayed response) against pathogenic infections may be dampened. 

Thus, the influence of vitamin D in our study is unclear. 

Statins and the immune system 

The Th1 and Th17 cells are responsible for mounting the host’s defence against pathogens, 

resulting in inflammatory responses [31]. The Treg cells on the other hand, play a role in 

homeostasis by suppressing T cells, exerting anti-inflammatory effects [31]. Inhibition of 

HMG-CoA reductase by statins reduces cholesterol and downstream isoprenoids essential for 

intracellular signalling, which could result in increased anti-inflammatory Treg cells and 

decreased pro-inflammatory Th1 and Th17 cells [32]. Clinical data show that statins inhibit 

the induction of Th1 and Th17 cells [32], and may increase Treg cells within 4 to 12 weeks 
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[32, 33], suggesting statin users may be more susceptible to pathogenic infections. This might 

account for our results which demonstrated that statin users were at increased risk of SSTIs 

via diabetes-independent mechanisms within 91 days (Figure 1: direction [i] and Figure 5). 

The skin functions as a crucial permeability barrier, providing innate immunity by protecting 

the host from noxious agents such as bacterial pathogens. Upon acute insult, epidermal 

cholesterol synthesis and HMG-CoA reductase activity increases swiftly to restore the 

protective barrier function [6]. If epidermal cholesterol synthesis was impeded via topical 

application of statins, the recovery of the barrier function was delayed [6]. Clinical data also 

suggested that high levels of cholesterol might confer immunoprotective effects against 

infections [34]. By decreasing cholesterol levels, statins may theoretically attenuate the 

protective barrier function and immunoprotective effects, increasing susceptibility to 

infections. Yet, statins have been associated with decreased risks of infections [3]. As such, 

the net effect of lowering cholesterol on skin function remains to be elucidated. 

Healthy user effect 

The “healthy user effect” refers to selective bias whereby motivated patients are more 

inclined to undertake preventive healthcare, such as consuming healthy diets and exercising 

frequently, and such health-seeking attitudes correspond closely with socio-economic status 

[35]. Since the residential electorate is reflective of patients’ socio-economic status [12], 

patients from electorates that are of above average IRSAD scores (> 1006) might be more 

likely than patients from below average IRSAD scores (< 1006) to exhibit traits such as 

reduced risk of infections or diabetes. However, the healthy user effect was not apparent 

because the role of socio-economic status was nonsignificant within the relationships 

examined in the secondary analysis. 
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Limitations of study 

Due to the nature of SSA, patients were assumed to commence their medication on the day of 

filling their prescription and that they were compliant with medication, which might not have 

occurred in reality. We also assumed that all medicines were administered as a Defined Daily 

Dose per day (Appendix 2) [11], thus we could not determine the impact of statin dosage on 

clinical outcomes.  

Some antibiotics used to treat SSTIs may also be prescribed for other types of infections. By 

narrowing our choice of marker antibiotics to dicloxacillin and flucloxacillin, we could be 

reasonably assured that the data generated would be specific for bacterial SSTIs, albeit this 

excludes signals from the other antibiotics and precludes patients with penicillin allergies. 

Confounding by indication is an inherent bias in SSA [8]. Since diabetes is a risk factor for 

SSTIs [1, 17], an increased risk of SSTIs associated with statins could be confounded by an 

indication (diabetes) for taking statins. Diabetes is an important risk factor for cardiovascular 

diseases and statins are indicated in patients with diabetes to reduce the risk of cardiovascular 

diseases [36]. Hence the number of patients (nantidiabetics 1st→ statins 2nd) may be relatively high, 

creating a bias towards an underestimation of statins’ effect on diabetes, favouring the reverse 

of direction [ii] in Figure 1 and thereby, resulting in confounding by indication. 

However, recommendations for statin prescribing to manage cardiovascular disease risks 

target metabolic syndrome, a condition comprising three of any of the following five factors: 

elevated waist circumference, elevated serum triglycerides, reduced HDL-C, elevated blood 

pressure, and elevated fasting glucose (diabetes) [36]. As such, there are other conditions for 

prescribing statins which aim to control other components of metabolic syndrome but 
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specifically exclude diabetes [36]. In these situations, (nstatins 1st→ antidiabetics 2nd) would be 

relatively larger, favouring direction [ii] in Figure 1, which our results aligned with (Figure 

3). Although we were unable to categorically rule out confounding by indication, our 

conclusion of stains being associated with diabetes is supported by meta-analyses of 

randomised controlled trials [37, 38]. 

CONCLUSION 

Our study supports the hypothesis that statin users are at increased risk of SSTIs and this risk 

was likely independent of diabetes status or the healthy user effect. Statins may increase SSTI 

risk via direct or indirect mechanisms. Clinical evidence that aligned with our results include 

the reduction of innate immunity via increase of Treg within 91 days and inhibition of Th1 

and Th17 (direct mechanism); and reduction of LDL-C and coenzyme Q10 levels within 91 

days of statin commencement, which increased the risk of diabetes, in turn a risk factor for 

SSTIs (indirect mechanism). 

Further clinical studies are required to confirm these mechanisms, as well as to ascertain the 

effect of statins on gut dysbiosis, impaired bile acid metabolism, vitamin D levels, and 

cholesterol inhibition on skin function. Regardless of the actual mechanism(s), it would seem 

prudent for clinicians to monitor blood glucose levels of statin users who are predisposed to 

diabetes, and be mindful of possible increased SSTI risks in such patients. 
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Figure 1. Using sequence symmetry analysis (SSA) to evaluate plausible interrelationships 

between statins, diabetes mellitus, and skin and soft tissue infections (SSTIs). [i] Between 

statins and SSTIs, index drug = statin, marker drug = antistaphylococcal antibiotics. [ii] 

Between statins and diabetes, index drug = statin, marker drug = antidiabetic medication. [iii] 

Between diabetes and SSTIs, index drug = antidiabetic medication, marker drug = 

antistaphylococcal antibiotics. Statins included atorvastatin, fluvastatin, pravastatin, 

rosuvastatin, and simvastatin; antidiabetic medication included insulins, insulin analogues, 

and oral blood glucose lowering drugs; and antistaphylococcal antibiotics included 

dicloxacillin and flucloxacillin. 
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Figure 2. Sequence symmetry analysis results for the relationship between statins and skin 

and soft tissue infections (SSTIs). Index drugs used were statins (atorvastatin, fluvastatin, 

pravastatin, rosuvastatin, and simvastatin). Marker drugs used were antistaphylococcal 

antibiotics (dicloxacillin and flucloxacillin). 
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Figure 3. Sequence symmetry analysis results for the relationship between statins and 

diabetes mellitus. Index drugs used were statins (atorvastatin, fluvastatin, pravastatin, 

rosuvastatin, and simvastatin). Marker drugs used were antidiabetic medication (insulins, 

insulin analogues, and oral blood glucose lowering drugs). 
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Figure 4. Sequence symmetry analysis results for the relationship between diabetes mellitus 

and skin and soft tissue infections (SSTIs). Index drugs used were antidiabetic medication 

(insulins, insulin analogues, and oral blood glucose lowering drugs). Marker drugs used were 

antistaphylococcal antibiotics (dicloxacillin and flucloxacillin). 
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Figure 5. Confirmatory sequence symmetry analysis to determine the risk of SSTIs 

associated with non-diabetic statin users compared to diabetic statin users. Diabetic 

population was defined as patients on antidiabetic medication (insulins, insulin analogues, 

and oral blood glucose lowering drugs). Index drugs used were statins (atorvastatin, 

fluvastatin, pravastatin, rosuvastatin, and simvastatin). Marker drugs used were 

antistaphylococcal antibiotics (dicloxacillin and flucloxacillin). 
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APPENDIX 1 

Calculating null-effect sequence ratio (NSR). 

The NSR is the expected sequence ratio in the absence of any causal relationship between the 

index and marker drugs, and it is used to adjust for incidence trend changes [8, 9]. The 

overall average probability (Pa) of an index→marker sequence may be calculated as an 

average for all days, weighted by the number of incident index drug users on consecutive (m) 

days of the study as follows [7]: 

𝑃𝑎 =  
∑ [Im × (∑ Mn

m+d
n=m+1 )]u

m=1

∑ [Im × (∑ Mn + ∑ Mn
m+d
n=m+1

m−1
n=m−d )]u

m=1

where: 

m or n = consecutive days of the study period excluding the run-in period 

d = number of days for observation (window period of 91, 182, or 365 days in our 

study) 

u = last day of the study period

Im = number of people receiving their first index drug on the date

Mn = number of people receiving their first marker drug on the date

NSR is thus calculated as: 

NSR =  
𝑃𝑎

(1 − 𝑃𝑎)
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APPENDIX 2 

Anatomical Therapeutic Chemical (ATC) codes and respective Daily Defined Dose 

(DDD) used in study.

The ATC codes of medications and respective DDD, as defined by the World Health 

Organization [11], used in this study included: 

Drug name ATC code DDD 

Statins 

Atorvastatin C10AA05 20 mg 

Fluvastatin C10AA04 60 mg 

Pravastatin C10AA03 30 mg 

Rosuvastatin C10AA07 10 mg 

Simvastatin C10AA01 30 mg 

Antidiabetic medication 

Acarbose A10BF01  0.3 g 

Exenatide A10BX04 

(before 2017) 

0.286 mg (depot) 

15 mcg 

Glibenclamide A10BB01  10 mg 

Gliclazide A10BB09  60 mg 

Glimepiride A10BB12  2 mg 

Glipizide A10BB07  10 mg 

Insulin (human, fast-acting) A10AB01 40 units 

Insulin (beef, fast-acting) A10AB02  40 units 

Insulin (lispro) A10AB04 40 units 

Insulin (aspart) A10AB05 40 units 
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Insulin (glulisine) A10AB06  40 units 

Insulin (human, intermediate-acting) A10AC01  40 units 

Insulin (beef, intermediate-acting) A10AC02  40 units 

Insulins and analogues for injection 

(intermediate or long-acting combined with fast-acting) 

A10AD - 

Insulin (human, intermediate or long-acting combined 

with fast-acting)  

A10AD01  40 units 

Insulin (intermediate or long-acting combined with 

lispro)  

A10AD04  40 units 

Insulin (human, long-acting) A10AE01  40 units 

Insulin (glargine) A10AE04  40 units 

Insulin (detemir) A10AE05  40 units 

Linagliptin A10BH05  5 mg 

Metformin A10BA02  2 g 

Metformin and rosiglitazone A10BD03  - 

Metformin and sulfonylureas A10BD02  - 

Metformin and sitagliptin A10BD07  - 

Metformin and vildagliptin A10BD08  - 

Pioglitazone A10BG03  30 mg 

Rosiglitazone A10BG02  6 mg 

Saxagliptin A10BH03  5 mg 

Sitagliptin A10BH01  0.1 g 

Tolbutamide A10BB03  1.5 g 

Vildagliptin A10BH02  0.1 g 
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Antistaphylococcal antibiotics 

Dicloxacillin J01CF01  2 g 

Flucloxacillin J01CF05  2 g 




