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Background and objectives: Chronic disorders such as diabetes mellitus type II and

hypertension have been associated with cognitive decline in older adults. It is unclear

whether adherence to antihypertensive and oral hypoglycemic agents impact cognitive

health. The objectives are to study the association between adherence to antihypertensive

and oral hypoglycemic agents and cognitive status in community-living older adults.

Methods: We used data from a large representative sample of older adults (N=2,286)

covered under a public drug insurance plan in Quebec and participating in Quebec’s health

survey on older adults (ESA-study) with a Mini-Mental State Examination (MMSE) score

≥22 at baseline (T1) and examined one year later (T2). Participants with hypertension and

diabetes mellitus type II were identified according to criteria used in the Canadian Chronic

Disease Surveillance System. Antihypertensive and oral hypoglycemic prescriptions deliv-

ered were ascertained via Quebec’s pharmaceutical database (RAMQ). Medication adherence

was calculated using the medication possession ratio as a continuous variable in the year

prior to and following baseline interview. Multivariate linear regressions were used to study

the percentage change in MMSE scores between interviews (T1,T2) as a function of

adherence to antihypertensive and oral hypoglycemic agents (before and after T1) controlling

for potential confounders.

Results: In participants with diabetes mellitus type II only, adherence to oral hypoglycemics

was not associated with a change in MMSE scores. In participants with hypertension only,

the change in MMSE scores was associated with adherence to antihypertensives (β 1.23;

95%CI: 0.29–2.17). In participants with comorbid hypertension and diabetes mellitus type II,

the change in MMSE scores was associated with adherence to both antihypertensive and oral

hypoglycemic agents (β 0.75; 95%CI: 0.01–1.48).

Conclusions: Adherence to oral hypoglycemic agents and antihypertensive agents among

older adults with hypertension and comorbid diabetes mellitus type II can have a preserving

effect on cognitive health in older adults. Further research on the long-term impact on

cognition is recommended.

Keywords: diabetes mellitus type II, hypertension, cognition, medication adherence, oral

hypoglycemic agents

Introduction
Cognitive decline and dementia are associated with an important economic and societal

burden.1,2 Many have identified modifiable lifestyle risk factors3,4 and chronic medical

conditions as probable causes.5,6 In Canada, hypertension and diabetes mellitus type II

are the most common chronic disorders with a prevalence reaching up to 50% and 20%
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among older adults.7–9 Also of great concern, up to 75% of

older adults with diabetes mellitus type II have concomitant

hypertension.10

Recent population-based prospective studies in older

adults have shown an association between cognitive health

and diabetes,11–13 and hypertension.14–17 Diabetes mellitus

type II has been associated with elevated blood cholesterol

and increased β-amyloid accumulation,6 which in turn may

negatively influence cognition. Hypertension leading to

cerebral ischemia has also been associated with cognitive

decline.13,18,19 An earlier prospective study also reported

an increased risk of cognitive decline with the presence of

comorbid diabetes and hypertension in older adults.20

Oral hypoglycemic agents represent first-line treatment

for reaching satisfactory blood glycemic control in diabetes

mellitus type II patients.21,22 In a large prospective study,

poor control of glycated hemoglobin A1c levels (≥7%) in

diabetic middle-aged and older adults was associated with

cognitive decline over a 20 year period.23 Earlier smaller

clinical studies, however, did not find evidence of an asso-

ciation between glycemic control in diabetic patients and

cognition.24,25 Studies on the impact of antihypertensive

agents on cognition have also shown inconsistent results.

Some clinical studies have shown a positive effect of anti-

hypertensive agents on cognition,26–28 while others have

not.29,30

This study aims to evaluate the association between

cognitive change during a one-year period and adherence

to antihypertensive drugs and oral hypoglycemics in

a large representative sample of community-living older

adults. Associations will be verified in three mutually

exclusive groups. Older adults with hypertension only,

diabetes only and comorbid hypertension and diabetes.

This study adds to the present literature by using health

survey and health administrative data which limits the

potential for information and recall bias and allows the

control for a number of potential confounding clinical

factors and the control of comorbid hypertension and

diabetes. The hypothesis is that patient’s adherence to

oral antihypertensive and oral hypoglycemic agents will

protect against cognitive decline in a sample of older

adults not presenting with important cognitive problems.

Methods
Data came from Quebec’s longitudinal survey on seniors’

health (ESA, Enquête sur la Santé des Ainés) conducted

between 2005 and 2008 (N=2,811) using a probabilistic

sample of Francophone community-living older adults.

Participants residing in the northern regions representing

10% of the provinces’ population were excluded due to

feasibility issues. The sampling method of the ESA study

has been presented elsewhere.31 Close to 77% of those

contacted have participated in the ESA study. Analyses

showed no statistically significant difference between par-

ticipants and nonparticipants concerning sociodemo-

graphic factors such as age, gender and region.

All participants gave written informed consent to par-

ticipate in the study. Participants also gave written consent

permitting the research team to access their health and

pharmaceutical services data from the Régie d’Assurance-

Maladie du Québec (RAMQ) and the health ministry’s

database on hospitalizations (MED-ECHO) for a 2-year

follow-up period, including one year prior to and one year

following baseline interview. Health survey data were

collected during a face-to-face at-home interview con-

ducted by trained health professionals. Older adults scor-

ing <22 on the MiniMental State Examination (MMSE),

suggesting cognitive impairment, were excluded (N=27).32

Among the 2,494 eligible participants, N=2,286 (91.5%)

were covered under the province’s public drug insurance

plan for whom prescription drug information was avail-

able. Among these participants, N=2,004 (80.3%) were

available for a follow-up interview one year later and

constituted the analytic sample.

Study sample
Participants in the ESA study with hypertension and dia-

betes mellitus type II were defined using National Diabetes

Surveillance System criteria for diabetes and hypertension

respectively.33,34 The minimum requirement for such

a diagnosis, that is hypertension or type II diabetes, was

at least one related hospitalization or two physician claims

according to administrative data during the 2-year period.

Thus, for hypertension, we used the International

Classification of Diseases, ninth revision (ICD-9) codes:

401–405 and the International Classification of Diseases,

tenth version (ICD-10): I10–I11. For a diagnosis of dia-

betes, we included the (ICD-9) codes of 250 and the (ICD-

10) codes of E11–E14 in the year prior to and following

baseline interview.

In this study, 966 participants diagnosed with hyperten-

sion also received an antihypertensive drug, of which N=40

received only one prescription during the 2-year follow-up

period and were excluded from the analyses. Also, 358

participants were diagnosed with diabetes mellitus type II

among which N=313 were taking oral hypoglycemic agents
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alone without insulin during the 2-year follow-up period.

Participants who did not receive at least two consecutive

prescriptions of oral hypoglycemic agents (N=4) were

excluded. In addition, participants who switched to insulin

(N=8) were also excluded. The presence of an antihyperten-

sive and oral hypoglycemic agents delivered was ascertained

from the RAMQ pharmaceutical database using the medica-

tion common identification number of American Hospital

Formulary Service (AHFS) classification.16

The final analytical sample consisted of N=809 parti-

cipants with hypertension and no diabetes, and n=184

participants with diabetes mellitus type II with no hyper-

tension, and N=117 participants with comorbid hyperten-

sion and diabetes mellitus type II.

Measures
Cognitive status
Cognitive status was assessed using the MMSE score at

baseline (T1) and at the one-year follow-up (T2). We used

the difference of MMSE scores between T1 and T2, in

order to prospectively quantify the change in cognitive

status among participants. This change in MMSE scores

observed at T1 and T2 was calculated as the percentage

change in MMSE scores, that is: [(T2−T1)/(T1)] ×100%.

The MMSE is a valid and reliable measure in assessing

cognitive decline in older adults. In fact, the Cronbach’s α
is estimated at 0.91 in older adult populations.35

Medication adherence
Medication adherence was measured using the medication

possession ratio.36 The medication possession ratio (%) was

calculated as the total day's supply of a medication divided by

the number of days in the evaluation period, multiplied by

one hundred: ([total day’s supply of medication/number of

days in evaluation period] ×100). The medication possession

ratio was calculated for the year prior and the year following

baseline interview and studied as two continuous variables

(0–100%) for each drug type. The medication possession

ratio was also truncated and capped at 100%. In the subsam-

ple of participants filling the criteria for comorbid hyperten-

sion and diabetes mellitus type II, we calculated medication

possession ratio for both antihypertensive and oral hypogly-

cemic agents. This medication possession ratio was then

summarized into one dichotomous variable (Yes/No) based

on whether the medication possession ratio was ≥80% for

both drugs in the year prior to T1 and then in the year

following T1.37,38 Finally, we considered only participants

that were persistent to treatment. The nonpersistence to oral

hypoglycemic and antihypertensive agents was identified as

the presence of a continuous gap of 30 or more days between

an expected refill and the actual refill.37

We also considered potential variables which might

affect cognition in older adults as possible confounding

factors. The following baseline interview (T1) factors were

considered: age (65–74 vs ≥75 years); sex (female vs

male); marital status (married or living as a couple vs

single/separated/divorced/widowed); education level (pri-

mary/secondary vs post-secondary/university), Charlson

comorbidity index (measured as a continuous variable);39

the self-reported presence of a probable (major and minor)

depressive and/or anxiety disorder based on Diagnostic

and Statistical Manual of Mental Disorders (DSM-IV)

criteria,31 and the presence of antidepressant and benzo-

diazepine drug use. The research study was approved by

the ethics committee of the University Institute of

Geriatrics of Sherbrooke.

Analyses
Multivariate linear regression models were used to study

the percent change in MMSE scores between T1 and T2 as

a function of (1) adherence to antihypertensive agents in

participants with hypertension only; (ii) adherence to oral

hypoglycemic agents in participants with diabetes only,

and; (iii) adherence to both antihypertensive and oral

hypoglycemic agents in participants with both diabetes

and hypertension. Additional analyses were also carried

out focusing on adherence to metformin. The adjusted

unstandardized beta-values (β) and their 95%CIs are pre-

sented and used as a measure of association. IBM SPSS

Statistics (version 25; IBM Corporation, Armonk, NY,

USA) was used for all statistical analyses.40

Results
When comparing those lost to follow-up from those who

remained in the study, no significant difference was

observed regarding age (P=0.77), sex (P=0.93), marital

status (P=0.15) and the probable presence of depression

(P=0.38) and anxiety (P=0.47) at baseline interview (T1).

The study sample characteristics are presented in Table 1.

The multivariate analyses are presented in Table 2. In

participants with only diabetes mellitus type II, no signifi-

cant association between change in MMSE scores and

adherence to oral hypoglycemic agents was observed.

Additional analyses focusing specifically on adherence to

Metformin did not show a significant association with
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change in MMSE scores. Among the variables studied,

females had on average a lower decline in MMSE scores

than males (β: 2.91; 95%CI: 0.71, 5.11) and those with

a common mental disorder had a significant decline in

MMSE scores (= β: −3.49; 95%CI: −6.46, −0.53) than

those reporting no common mental disorders.

In the sample with hypertension, the change in cogni-

tive status was positively associated with adherence to

antihypertensive agents taken in the year prior to baseline

interview 1.23; 95%CI: 0.29, 2.17). No other study vari-

able was associated with change in cognitive status in

participants with hypertension.

In the sample including participants diagnosed with

both hypertension and diabetes mellitus type II, the change

in MMSE scores was positively associated with adherence

to both antihypertensive and oral hypoglycemic agents in

the year following the baseline interview (β: 0.75; 95%CI:

0.01, 1.48). No other study variable was associated with

change in MMSE scores.

Discussion
To our knowledge, this is the first study evaluating the

association between change in cognitive function mea-

sured with MMSE and adherence to antihypertensive and

oral hypoglycemic agents in a representative sample of

community-living older adults.

Earlier studies have shown that diabetes is associated

with cognitive decline in older adults.9,41 In our study, no

significant association was observed between adherence to

oral hypoglycemic agents and change in cognitive status. In

the Herath et al (2016) study no association was observed

between the use of oral hypoglycemic agents and the change

in cognitive status measured with a series of neurological

cognitive tests over a 4-year period.42 The study however

did show better memory and verbal capacity associated with

the use of metformin at baseline.42 In our study, no signifi-

cant change in cognitive status was observed with metfor-

min adherence. The results seem to suggest a preservation of

cognition with adherence to oral hypoglycemic agents. The

lack of association in our study may also in part be due to the

fact that the sample included participants without cognitive

impairment, which usually have a relatively slow rate of

cognitive decline.43 Further research is recommended to

elucidate the long-term impact of adherence to oral hypo-

glycemic agents on cognition in older adults.

In participants with diabetes only, females as opposed to

males did not show cognitive decline. Sociodemographic

factors have been associated with cognitive status but not

with its change in a previous study conducted among older

adults.9 Further, the presence of a common mental disorder

such as anxiety or depression at baseline was associated with

cognitive decline during the one-year follow-up. Similarly,

Potvin et al (2011) also reported a negative association

between cognitive functioning and common mental

disorders.44 A review conducted by Thomas et al (2008)

reported neurocognitive problems lasting beyond recovery

from depression in older adults, which also increases the risk

of cognitive decline.45

In participants with hypertension, adherence to antihy-

pertensive agents had a positive and preserving effect on

cognition measured with the MMSE. Secondary data ana-

lyses of a prospective study conducted by Yasar et al

(2013) showed a decreased risk of Alzheimer’s dementia

in older adults aged ≥75 years, with normal cognition at

baseline, receiving antihypertensive agents over a median

of 6 years.46 Guimaraes et al (2015) similarly reported that

the presence of a caregiver assisting in antihypertensive

administration, a proxy measure for drug adherence, was

associated with better MMSE scores in hypertensive older

adults.47 Others have also shown a preserving effect on

cognitive functioning with the use of antihypertensive

agents in those with mild cognitive problems.48

This study also showed improved cognitive status in

participants with comorbid hypertension and diabetes adher-

ing to both oral antihypertensive and hypoglycemic agents,

which might reflect a positive additive effect on cognition.

While adherence to antihypertensive agents in the

previous year had a positive effect on cognition in hyperten-

sive older adults, this effect was not significant in the comor-

bid diabetes and hypertension group. This could reflect the

importance of a continued adherence regimen to both hyper-

tensive and oral hypoglycemic agents in patients with comor-

bid diabetes and hypertension.

Limitations
The results of this study should be considered while deliber-

ating the following limitations. First, the one year follow-up

period may not be sufficient to observe a change in cognitive

status due to adherence to oral antihypertensive and hypo-

glycemic agents. Second, the presence of diabetes and hyper-

tension was ascertained from administrative databases which

may be subject to information bias due to missing or inaccu-

rate disease codes. There was no available patient data on

participant glucose and glycated hemoglobin (HbA1c) levels

and thus the clinical profile and severity of diabetic patients

was unknown. In addition, severe cases of diabetic patients
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using insulin were excluded from our study and this might

have weakened the strength of the association between

adherence to hypoglycemic medication and change in cog-

nitive status. In fact, other authors have reported more impor-

tant cognitive decline in insulin-dependent diabetic patients

in comparison with other diabetic patients.49,50 Third, the

results may have been subject to a possible selection bias

that may be difficult to predict. Those lost to follow-up had

scored lower on the MMSE at baseline in comparison with

study participants. There was no difference however in med-

ication adherence between those lost to follow-up and the

study sample. Fourth, it is possible that participants discon-

tinued use of their drugs on the advice of their doctors. The

definition of adherence was based on administrative data and

therefore we could not distinguish participant nonadherence

from cancellation of medication by physician. This may have

introduced information bias that may have underestimated

adherence. Adherence was also based on data from the

RAMQ pharmaceutical drug database which captures the

deliverance of a prescription and not the consumption of

a drug. Nevertheless, administrative databases have been

reported to be reliable at evaluating drugs for long-term

therapy.51–53 Fifth, drug classes, aside from metformin,

were not considered in the analyses as more than 50% of

participants used one class of antihypertensive and hypogly-

cemic medications. Sixth, the medication possession ratio

based on refill information may overestimate adherence. In

this study we caped adherence to 100% to limit this bias. The

medication possession ratio has also been recommended for

evaluating adherence with hypertension therapy.54,55

Seventh, the study results did not include populations living

in northern regions of the province. These populations have

a higher prevalence of chronic disorders and their access to

health services may be limited. The results of this study may

therefore not apply.56,57

Conclusion
Adherence to oral antihypertensive and hypoglycemic

agents in older adults with diabetes and hypertension can

improve cognitive outcomes. Targeted public health pro-

grams are recommended to raise awareness about the

negative cognitive effects of nonadherence to treatment

with antihypertensive and oral hypoglycemic agents.
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