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Non adherence is a complex behavioral issue 

 Poor provider-patient communication: 
•  Poor patient understanding disease 

• Poor understanding of the benefit/risk of treatment 

• Poor understanding of medication use 

• Providers prescribe overly complex regimen 

Patients 
Providers 

Health 

Care 

System 

Patients interaction with 

health care system: 

 

• Poor access or missing 

appointments 

• Poor treatment by medical 

personnel 

• Poor access to 

medications 

• Swichting formularies 

• High cost medications 

 

 

 

 

Physicians interaction with 

health care system: 

 

• Poor knowledge of drug 

costs 

• Poor knowledge of  

insurance coverage and 

formularies 

• Poor job satisfaction 

 

 

 

 

 

Osterberg; NEJM 2005 



Source: Adherence and Post-MI events (majors CVD or revascularization) in USA (Choudhry et al, Am Heart J 

2014) 



Source: Adherence on Diabetes Health Care Use and Costs in USA: Sokol et al., Med Care 2005 



Lack of data in Quebec: 
 
- Antihypertensive agents reduce cardiovascular morbidity and mortality; 
  
- Based on strong evidence, pharmacotherapy has become an integral 
component of the treatment guideline; 
 

- Despite all the available evidence, there is still a large discrepancy 
between guideline recommendations and clinical practices 
 
- There is research need on the impact of non adherence to 
antihypertensive agents on clinical issues; 
 
- The more difficult question is whether prescription adherence provides a 
net economic value in real clinical setting;  
 
- The potential economic returns are often missed in the public debate 
over rising prescription drug costs; 



 

 

 

 

OBJECTIVES 
 
The aims of our study were: 
 
- To evaluate the impact of adherence to antihypertensive 
agents on the incidence of cardiovascular issues in primary 
prevention; 
 
- To evaluate the impact of adherence to antihypertensive  
agents on health care costs.  



METHODS 

 
To evaluate the impact of adherence to 

antihypertensive agents on the incidence of 

cardiovascular issues in primary prevention 



 
Sources of Data: 
 
1) RAMQ databases:  
 
Demographic file lists: age, gender, postal code and year of death.  
  
Medical services file: claims for medical services: nature of medical 
act, date, site of delivered (office, emergency, hospital) and diagnostic 
code and costs for acts and procedures; 
  
Pharmaceutical file: data on all prescriptions for covered drugs 
delivered to patients living in the community including costs. 
 
2) Med-Echo databases: Data on acute care hospitalizations. 



Cohort Definition: 
   
-Subjects should have started a new treatment for either an initiated 
antihypertensive monotherapy with diuretics, β-blockers, CCBs, ACE inhibitors, 
ARBs or bitherapy in the period from January 1st, 1999 and December 31th, 2004; 
  
  
-Subjects had to be newly treated for HTA (no antihypertensive agents in the 2 
years prior the cohort entry), having a diagnosis of essential hypertension and 
aged between 45 and 85 years at the time of inclusion; 
 

 
- The date of the first prescription was defined as the date of the cohort entry; 
 



Primary Prevention Cohort:  5-year period prior to cohort entry: 
 
- CAD: Myocardial infarction or angina (410-414), CABG, stent, 
angioplasty or any nitrate; 
  
- Stroke: (430-438) or medical procedures or nimodipine 
  
- Peripheral cardiac disease: (440-447) or medical procedures; 
  
- CHF: (428-428) or furosemide alone or with digoxin or ACE     
inhibitors or β-blocker; 
  
- Arrhythmia: (427-427) or drug marker; 
 
-Valvular disease: (456-458) or medical procedures;  
 

- Users of antiplatelet drugs (excluding low dose of ASA) or    
anticoagulants 



 
Study design: Nested case-control 

 - Selection of controls: up to 15 controls were randomly selected 
from the risk set for each case using density sampling  

 - Matching: age and same follow-up time as the case 

Primary Outcomes 

 - CAD cases: diagnosis of myocardial infarction or angina (ICD-9 
codes 410-414), a medical procedure (CABG, angioplasty) or use of 
nitrate;  

 - Stroke cases: ICD-9 codes 430-438 or medical procedures;  

 - CHF cases: ICD-9 codes 398.91, 402.01, 402.11, 402.91, 428.0, 
428.1, and 428.9) or use of furosemide alone or with digoxin, ACE 
inhibitors, spironolactone, or β-blockers.  

  





Statistical Analysis 
 
 
1) Crude and adjusted Rate Ratio for specific cardiovascular issues were 

determined through a conditional logistic regression; 
 
 
2) To assess the robustness of our findings, we performed sensitivity analyses: 

 
 - Sub-group analyses; 
 
 - Highly sensitive and specific codes; 
 

 
3) All models were adjusted for potential predictors (age, sex, social status, 
diabetes, dyslipidemia, CDS, etc). The analyses were performed on SAS and p < 
0.05 was the level of significance. 



RESULTS 



Total Cohort 
82 350 patients  in 
primary prevention 

CAD 
4.4 per 100  

persons-year 

Stroke 
1.3 per 100 

persons-year 

CHF 
1.5 per 100 

persons-year 



Table 1: Characteristics of patients at cohort entry: 

 

  Low 

Adherence  

<80% 

High 

Adherence 

%80   

p-

value
a 

Number of subjects 18,679 38,217  

Age (mean ± SD)b 
64.7 ± 10 65.2 ± 9 <0.0001 

Antihypertensive at  entry date :    

    Diuretics 32 % 24 %  

 

 

<0.0001 

    Angiotensin converting enzyme inhibitors 24 % 28 % 

     ß-blockers 12 % 11 % 

     Calcium channel blockers 14 % 15 % 

     Angiotensin receptor blockers 15 % 19 % 

   Combined therapy  3 % 3 % 

Male 39 % 34 % <0.0001 

Social Aidb (yes/no) 15 % 12 % <0.0001 

Diabetesc (yes/no)
 

16 % 18 % <0.0001 

Dyslipidemiac (yes/no)
 

33 % 40 % <0.0001 

Number of dispensing drugstoresc,d 3.0 ± 2.0 2.8 ± 1.9 <0.0001 

Number of prescribing physicians c,d  5.5 ± 3.9 5.0 ± 3.6 <0.0001 

Mean number of physician consultations/yearc,d 6.9 ± 5.4 7.2 ± 4.8   <0.0001 

Prior hospitalization
e
  14 % 13 % 0.25 

Chronic disease score
e
 ( 4) 6% 6% 0.60 



  
RATE RATIO (95% CI) 

  

  

  

CAD 

Br J Clin Pharmacol  

2009 

Cerebro Vasc Dis 

Stroke 

2009 

CHF 

J Inter med  

2009 

ESRD 

Kidney Int 

2013 

AH Adherence‡,§         

< 80% Reference Reference Reference Reference 

≥ 80% 0.90 (0.84-0.96) 0.78 (0.70-0.87) 0.89 (0.80-0.99) 0.67 (0.53-0.83) 

Sex (male vs. female) 1.33 (1.26-1.40) 1.17 (1.06-1.28) 1.06 (0.97-1.16) 1.58 (1.30-1.93) 

Social assistance† (yes vs no) 1.10 (1.10-1.21) 1.47 (1.23-1.76) 1.34 (1.14-1.58) 1.69 (1.28-2.24) 

Bitherapy vs monotherapy 1.37 (1.08-1.20) 1.03 (0.94-1.14) 1.36 (1.24-1.49) 2.18 (1.72-2.75) 

Tritherapy vs monotherapy 1.23 (1.11-1.38) 1.09 (0.90-1.33) 1.77 (1.51-2.07) 6.11 (4.63-8.06) 

New diagnosed for diabetes mellitus ¥ 1.01 (0.82-1.23) 1.34 (0.97-1.86) 1.75 (1.31-2.33) - 

Antidiabetic agent adherence < 80% ¥,£ 1.16 (1.00-1.34) 1.22 (0.94-1.58) 1.96 (1.57-2.44) - 

Antidiabetic agent adherence ≥ 80% ¥,£ 1.08 (0.98-1.19) 1.22 (1.03-1.44) 2.03 (1.76-2.34) 2.03 (1.76-2.34) 

Diabetes (yes vs no) - - - 3.18 (2.60-3.89) 

New diagnosed dyslipidemia ¥ 1.56 (1.41-1.72) 1.40 (1.18-1.66) 1.43 (1.22-1.66) 1.43 (1.22-1.66) 

Lipid lowering agent adherence < 80% 
¥,£ 

1.24 (1.14-1.36) 1.10 (0.93-1.29) 0.97 (0.83-1.14) 0.97 (0.83-1.14) 

Lipid lowering agent adherence ≥ 80% 
¥,£ 

1.06 (1.00-1.14) 0.80 (0.70-0.91) 0.76 (0.68-0.86) 0.76 (0.68-0.86) 

Statin (yes vs no) - - - 0.85 (-0.69-1.05) 

Chronic kidney disease (yes vs no) - - - 19.49 (15.73-24.16) 

Chronic disease score (≥ 4 vs < 4) 1.19 (1.10-1.28) 1.23 (1.06-1.43) 2.16 (1.95-2.41) - 



Risk of Non Fatal CAD, Stroke or CHF 

 RATE RATIO (95% CI) 

 
CAD 

Br J Clin Pharmacol 2009 

Stroke 

Stroke 2009 

CHF 

J Inter med 2009 

AH Adherence
‡,§

    

< 80% Reference Reference Reference 

≥ 80% 0.90 (0.84-0.96) 0.78 (0.70-0.87) 0.89 (0.80-0.99) 

Sex (male vs. female)
 

1.33 (1.26-1.40) 1.17 (1.06-1.28) 1.06 (0.97-1.16) 

Social assistance
† 

(yes vs no) 1.10 (1.10-1.21) 1.47 (1.23-1.76) 1.34 (1.14-1.58) 

Bitherapy vs monotherapy 1.37 (1.08-1.20) 1.03 (0.94-1.14) 1.36 (1.24-1.49) 

Tritherapy vs monotherapy 1.23 (1.11-1.38) 1.09 (0.90-1.33) 1.77 (1.51-2.07) 

Having a CAD during follow-up - 2.04 (1.73-2.40) 4.15 (3.60-4.77) 

Having a stroke during follow-up
¶
 2.81 (2.47-3.20) - 2.47 (1.90-3.19) 

Having a CHF during follow-up
║
 3.61 (3.13-4.16) 2.29 (1.70-3.09) - 

Having a PAD during follow-up
║
 2.99 (2.58-3.47) 4.56 (3.67-5.67) 1.82 (1.29-2.58) 

Having another CVD condition during follow-up
€
 3.62 (3.68-3.89) 2.36 (2.04-2.74) 3.70 (3.22-4.25) 

Having ≥ 2 CVD events 5.97 (5.41-6.58) 3.54 (3.02-4.15) 7.66 (6.80-8.64) 

New diagnosed for diabetes mellitus 
¥
 1.01 (0.82-1.23) 1.34 (0.97-1.86) 1.75 (1.31-2.33) 

Antidiabetic agent adherence < 80% 
¥,£

 1.16 (1.00-1.34) 1.22 (0.94-1.58) 1.96 (1.57-2.44) 

Antidiabetic agent adherence ≥ 80% 
¥,£

 1.08 (0.98-1.19) 1.22 (1.03-1.44) 2.03 (1.76-2.34) 

New diagnosed dyslipidemia 
¥
 1.56 (1.41-1.72) 1.40 (1.18-1.66) 1.43 (1.22-1.66) 

Lipid lowering agent adherence < 80% 
¥,£

 1.24 (1.14-1.36) 1.10 (0.93-1.29) 0.97 (0.83-1.14) 

Lipid lowering agent adherence ≥ 80% 
¥,£

 1.06 (1.00-1.14) 0.80 (0.70-0.91) 0.76 (0.68-0.86) 

Chronic disease score (≥ 4 vs < 4) 1.19 (1.10-1.28) 1.23 (1.06-1.43) 2.16 (1.95-2.41) 

 

 RATE RATIO (95% CI) 

 
CAD 

Br J Clin Pharmacol 2009 

Stroke 

Stroke 2009 

CHF 

J Inter med 2009 

AH Adherence
‡,§

    

< 80% Reference Reference Reference 

≥ 80% 0.90 (0.84-0.96) 0.78 (0.70-0.87) 0.89 (0.80-0.99) 

Sex (male vs. female)
 

1.33 (1.26-1.40) 1.17 (1.06-1.28) 1.06 (0.97-1.16) 

Social assistance
† 

(yes vs no) 1.10 (1.10-1.21) 1.47 (1.23-1.76) 1.34 (1.14-1.58) 

Bitherapy vs monotherapy 1.37 (1.08-1.20) 1.03 (0.94-1.14) 1.36 (1.24-1.49) 

Tritherapy vs monotherapy 1.23 (1.11-1.38) 1.09 (0.90-1.33) 1.77 (1.51-2.07) 

Having a CAD during follow-up - 2.04 (1.73-2.40) 4.15 (3.60-4.77) 

Having a stroke during follow-up
¶
 2.81 (2.47-3.20) - 2.47 (1.90-3.19) 

Having a CHF during follow-up
║
 3.61 (3.13-4.16) 2.29 (1.70-3.09) - 

Having a PAD during follow-up
║
 2.99 (2.58-3.47) 4.56 (3.67-5.67) 1.82 (1.29-2.58) 

Having another CVD condition during follow-up
€
 3.62 (3.68-3.89) 2.36 (2.04-2.74) 3.70 (3.22-4.25) 

Having ≥ 2 CVD events 5.97 (5.41-6.58) 3.54 (3.02-4.15) 7.66 (6.80-8.64) 

New diagnosed for diabetes mellitus 
¥
 1.01 (0.82-1.23) 1.34 (0.97-1.86) 1.75 (1.31-2.33) 

Antidiabetic agent adherence < 80% 
¥,£

 1.16 (1.00-1.34) 1.22 (0.94-1.58) 1.96 (1.57-2.44) 

Antidiabetic agent adherence ≥ 80% 
¥,£

 1.08 (0.98-1.19) 1.22 (1.03-1.44) 2.03 (1.76-2.34) 

New diagnosed dyslipidemia 
¥
 1.56 (1.41-1.72) 1.40 (1.18-1.66) 1.43 (1.22-1.66) 

Lipid lowering agent adherence < 80% 
¥,£

 1.24 (1.14-1.36) 1.10 (0.93-1.29) 0.97 (0.83-1.14) 

Lipid lowering agent adherence ≥ 80% 
¥,£

 1.06 (1.00-1.14) 0.80 (0.70-0.91) 0.76 (0.68-0.86) 

Chronic disease score (≥ 4 vs < 4) 1.19 (1.10-1.28) 1.23 (1.06-1.43) 2.16 (1.95-2.41) 

 

Métanalysis (RCT secondary and primary) 

ACEI inhibitors vs control (Lancet 2003)  

CCB inhibitors vs placebo (Lancet 2003) 

ARB Calcium vs placebo (Lancet 2003) 

AH drugs vs no treatment – random (JAMA 2003) 

 

Collins (Metaanalysis of  RCT primary 

prevention: diuretics and B-blockers) 

0.80 (0.73-0.88)                     0.72 (0.64-0.81)                      0.82 (0.69-0.98) 

0.78 (0.62-0.99)                     0.62 (0.47-0.82)                       1.21 (0.93-1.58) 

0.96 (0.85-1.09)                     0.79 (0.69-0.90)                       0.84 (0.72-0.97) 

0.87 (0.80-0.94)                     0.68 (0.61-0.76)                       0.60 (0.49-0.74) 

 

↓ 16%   ↓ 38% 

            CAD                                      Stroke                                       CHF 



METHODS 

 
To evaluate the impact of adherence to 

antihypertensive  agents on health care costs.  



 

 

Primary economic measures were total medical costs 
 
1) Total hospitalization costs, medical service costs and drug costs by 

using an integrated analysis of administrative claims data were 
measured during a 3-year of follow-up; 
 

  1.1) Sum of hospitalization costs (ER services and hospitalization 
 excluding nursing home and home care), 

  1.2) Sum of medical service costs (included outpatient services, 
 physician services, medical procedures); 

  1.3) Sum of drug costs included all ambulatory prescriptions; 
 
2)Two types of cost were measured:  

 
  2.1) All-cause medical costs 
  2.2) Disease-related costs: associated with treatment of cardiovascular  

 conditions defined previously; drug, costs were defined by drug classes 
in prescription claims data; 



 
 
 
 
 
Statistical Analysis 
 
- The non-adjusted mean costs of medical services, hospitalization and drug-
related between both adherence levels were evaluated using t-tests; 
 
- For hospitalization costs, since a substantial proportion of the study 
population was not hospitalized, a two-part model was applied: the first part 
estimated the probability of being hospitalized; and the second part estimated 
the costs of hospitalization among those who had been hospitalized using a 
multiple regression model  
 
- Predicted costs of hospitalization for adherent and non-adherent patient 
were estimated as the product of the estimated probability of being 
hospitalized and the expected mean hospitalization costs; 
 
 - To assess the robustness of our findings: Impact of excluding the patients 
who died or lost their drug insurance coverage within the 3-year period, we 
ran a sensitivity analysis for a 1-year period of follow-up.  
 
- All models were adjusted for several covariates. The analyses were 
performed on SAS and p < 0.05 was the level of significance. 
 



RESULTS 

 
Medical Care 2010 



Mean costs among hospitalized patients who were hospitalized 



  

 

Predicted mean 

costs of hospitalization in 

hospitalized patients  

(95%CI*) 

Predicted mean 

costs of hospitalization 

for the total cohort  

 (95%CI) 

Based on linear model   

Mean total costs  $ 9,372 ($9,079 to $9677) $2,962 ($2866 to $3067) 

Mean costs in high adherence group $8,180 ($7888 to $8509) $2,556 ($2455 to $2665) 

Mean costs in low adherence group $11,665 ($11046 to $12298) $3,778 ($3577 to $3986) 

Mean excess costs between two groups  $ 3,485 ($2804 to $4199) $1,222 ($990 to $1459) 

 





 



DISCUSSION 
 
-  Adherence to antihypertensive agents exceeding 80% was associated with a 

significant reduction in the rate of CAD, stroke, HF and ESRD;  
 
- Predicted excess of total hospitalization costs for non-adherence was $4000; 

 
- Adherence based savings in medical costs appear to be driven primarily by the 

reduction in hospitalization costs; 
 

- Medication adherence remains an important issue in health care; 
 

- An annual excess health care cots due to medication non adherence in USA 
have been estimated to as much as $290 billion (Report 2013; Pharmacy Care 
Research Institute); 
 

- Huge number considering that even minor interventions to support people in 
becoming more adherent could have a significant impact on costs. 
 

- This is an important area for future research. 
 
 

 

 



 STRENGTS 
 
- All new incident users; 
 
- Incident cases of CVD by having no CVD in a 5-year period prior to the 
cohort entry; 
 
- Subjects need to have a diagnosis of HTA along with a prescription of 
antihypertensive agents; 
 
- Large database; 
 
- Adjustment for multiple covariates to control for the effects of co-
morbidity on utilization and cost: age, sex, socioeconomic status, co-
morbidity to further decrease the bias. 



LIMITS 
 
- No clinical parameters of CVD risk factors and severity of CVD events; 

 
- Subjects may have had a previous CVD that did not appear in the 
databases in the 5 years before the cohort entry; 
 

- Possible misclassification errors related to the diagnosis; 
  

- Possible misclassification errors related to AH agents exposure; 
 

- With this design, it is not possible to draw definite conclusions about 
the causal relationship among adherence, utilization and costs; 
 

- Probability of residual confounding remains such, healthy bias 



Ongoing projects 

 

1) Impact of pharmacogenetic on the risk of bleeding and thombosis among 

anticoagulant treatments; 

 

2) Risk predicting of ß-blocker agents on death or heart failure readmission  

including genetic variants; 

 

3) Impact of being non adherent of antidiabetic agents on clinical issues, 

health care use and its related costs among new users of antidiabetic agents; 

 

4) Impact of drug use, health care and costs among patientes with autism 

diagnosis; 

 

5) Impact of sub-optimal  use of IPP and risk of B-12 deficiency and 

hypomagnesia among elderly population`; 

 

6) Impact of systematic follow-up among patients with fragility fracture on 

incidence rate of refracture, bone biomakers, health use and its related costs  
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