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Background: To study the relationship between adherence to chronic medications and adherence to
preventive medicine recommendations among persons with diabetes mellitus and hypertension.

Methods: Data were collected from the Clalit database included all members of Clalit aged 50 to
74 years, diagnosed with diabetes mellitus or hypertension before 2016 and treated with at least 1
medication (statins hypotensive or antidiabetic drugs) during 2017. We analyzed all the monthly pre-
scriptions that were filled during 2017. We determined personal adherence rates by calculating each
individual’s average adherence rate to all the prescribed medications. Adherence rates were stratified
by quintiles. We checked whether each person included followed the Israeli recommendations for influ-
enza vaccine, colon cancer screening, and mammography.

Results: Of 268,792 persons, 81.1% had hypertension, and 59.5% had diabetes; 40.6% had diabetes
and hypertension. The mean age was 63.7 years; 50.6% were men. The mean number of medications
used was 2.26 1.1. An adherence rate of ≤20% was found in 4.2%, and >80% in 42.5%. Overall,
59.6% had received an influenza vaccine, 68.0% had undergone colon cancer screening, and 75.2% of
the women had undergone mammography. Increased adherence to medications was associated with
increased adherence to preventive recommendations. For persons in the study cohort, adjusted odds
ratios comparing the highest to the lowest quintile of medication adherence were 1.52 (1.46–1.59) for
influenza vaccine, 1.59 (1.53–1.66) for colon cancer screen, and 1.35 (1.27–1.44) for mammography.

Discussion: A positive association was observed between adherence to chronic medications and ad-
herence to preventive medicine among persons with hypertension and diabetes. ( J Am Board Fam Med
2021;34:1157–1162.)
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Introduction
Adherence to medications is key to medical care and
is commonly considered in describing patient enga-

gement in disease management and follow-up. Poor
medication adherence has been associated with
adverse outcomes and high costs of care and is of
growing concern to clinicians and health care sys-
tems.1 Good adherence has been associated with
long-term decreases in health care expenditure.2

Adherence of over 80% to prescribed medications
was associated with fewer hospitalizations, emer-
gency department visits, and outpatient visits among
persons with various chronic diseases.1

The Israel National Program for Quality Indicators
in Community Health care was established in 2000 to
maintain continuous measures of health care quality
that include preventive services, screening, treatment,
and the management of disease.3 All 4 health mainte-
nance organizations (HMOs) in Israel report to the
national body for the quality of health. In the years
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after introducing the quality program, the perform-
ance of mammography, colon cancer screening, and
influenza vaccination increased among the Israeli pop-
ulation.4,5 We chose mammography, colon cancer
screening since they are recommended to all the
patients in this age group in Israel, and influenza vac-
cine is recommended to all patients in this age group
with diabetes and hypertension. The ongoing data
collection has created the opportunity to link between
adherence to preventive recommendations and medi-
cation adherence in patients with chronic diseases.

The association between adherence to preven-
tive medicine and medication adherence has not
been examined. Establishing a link between differ-
ent aspects of adherence to medical interventions
will better understand health behaviors; identifying
those who are less likely to adhere will facilitate
more comprehensive and effective interventions fo-
cusing on the poorest adherents.

We aimed to study the relationship between ad-
herence to preventive recommendations and adher-
ence to chronic medications among persons with
diabetes mellitus and hypertension.

Methods
Setting

This is a retrospective cohort study. The study was
conducted in Clalit Health Service (CHS) in Israel
and was approved by the local ethics committee of
Meir Health Center. Israel has universal health cov-
erage. Since 1995, 4 HMOs provide health care to all
Israeli residents. CHS is the largest HMO in Israel,
serving over 52% of the population nationwide.
Medical records have been fully computerized for 2
decades to create an extensive health care database.
Demographic data are updated directly from the
population registry of the Israeli Ministry of Interior.
Laboratory tests results are recorded automatically in
patients’ electronic medical files and reported directly
to primary care physicians. Pharmacies operated by
or affiliated with CHS record all medication claims
electronically and are linked to 1 central repository.
CHS issues medications and requires nominal copay-
ments of 5 to 15 USD per medication, maximal
copayments for chronic medications are capped at 75
USD a month. Members buy chronic medications
for up to 3 months at a time (documented as 3 sepa-
rate purchases on the same date).

CHS operates a register of chronic diseases by
integrating information from patient files, hospital
discharges, medication claims, and laboratory results.6

Study Population

All CHS members aged 50 to 74 years were
included with a documented diagnosis of diabetes
mellitus or hypertension before January 1, 2016,
who were treated with at least 1 relevant medication
(ie, statins, hypotensive or antidiabetic drugs) dur-
ing 2017. To ensure medication use throughout
2017, we included only those who filled at least 1
prescription per year in the 3 consecutive years,
2016 to 2018, for at least 1 of the study medica-
tions. This approach was used to ensure for each
medication usage before and after 2017 and to
exclude patients who stopped the treatment for any
reason during the study period (Dosage changes
were not considered as stopping treatment). This
approach was used to ensure that medications were
prescribed through the whole of 2017, allowing us
to calculate medication adherence more reliably.

We included 23 medications. We choose the
most commonly prescribed medications for hyper-
tension and diabetes in Israel. The hypotensive
medications were: hydrochlorothiazide, 3 calcium
channel blockers (nifedipine, amlodipine, and ler-
carnidipine hydrochloride), 3 b blockers (atenolol,
metoprolol, and bisoprolol), 2 angiotensin II recep-
tor blockers (valsartan and losartan), 3 angiotensin-
converting enzyme inhibitors (ramipril, captopril,
and cilazapril) and 4 statins (rosuvastatin, atorvasta-
tin, simvastatin, and pravastatin) The antidiabetic
medications included: metformin, glimepiride, repa-
glinide, empagliflozin, dapagliflozin, sitagliptin, vil-
dagliptin, and linagliptin.

Variables

We analyzed all monthly prescriptions that were
filled between January 1, 2017, and December 31,
2017. Filled monthly prescriptions have been found
to be an accurate and inexpensive proxy for actual
medication use.7 We calculated the average adher-
ence rate for each individual’s medication by divid-
ing the actual fulfilled monthly prescriptions during
2017 by 12 and determined personal adherence
rates by calculating the mean adherence rates of all
the medications prescribed to each individual. The
Clalit data warehouse captures all monthly medica-
tion claims reliably, but the accuracy of the data in
the exact number of pills dispensed varies. We,
therefore, assessed participant’s adherence by calcu-
lating the proportion of months covered by a
claimed prescription (a modification of PDC [pro-
portion of days covered]).
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Demographic information included age, sex, and
socioeconomic status (SES). Low SES was defined as
being exempt from health care payments based on
income, as determined by the National Insurance
Institute of Israel. These individuals pay reduced
copayments for chronic medications.

We also retrieved participants’ body mass index
(BMI) as the last available measurement before
January 1, 2017, and family physician visits during
2017. We included “other relevant cardiovascular
chronic diagnoses” as recorded in the CHS chronic
disease register on January 1, 2017, and Charlson
comorbidity score (for adjustment of comorbidity
among patients).8 We included the mean LDL-cho-
lesterol (LDL), HbA1c, creatinine, and hemoglobin
levels recorded in 2017. We checked whether each
person included actually followed the Israeli recom-
mendation for influenza vaccine (during 2017), screen-
ing mammography (once every 2years; ie, 2016 to
2017), and colon cancer screening (either occult blood
test during 2017 or a colonoscopy in the past 10 years
[2008 to 2017]). There are no copayments for influ-
enza vaccine, mammography, or colon cancer screen.

Statistical Analysis

We calculated overall adherence rates for each
medication separately. We determined personal ad-
herence rates by calculating the mean adherence
rate of each individual to all the prescribed medica-
tions examined. We stratified adherence rates by
quintiles; the lowest quintile was used as a baseline.

We used logistic regression models to calculate
odds ratios for adherence to influenza vaccine, co-
lon cancer screening, and mammography, accord-
ing to quintiles of medication adherence, and
adjusted the model for age, gender, SES, Charlson
score, and family physician visits. As a secondary
analysis, we further analyzed the group according
to the patients’ chronic illnesses to learn whether
the baseline disease influences adherence to preven-
tive recommendations. STATA 8.0 statistical soft-
ware (Stata Corp. College Station, TX, USA) was
used for statistical analysis.

Results
A total of 268,792 persons were included in the
study. Of them, 217,953 (81.1%) had hypertension
and 160,082 (59.5%) had diabetes; 109,225 (40.6%)
had both diabetes and hypertension. The mean age
was 63.7 years. Men comprised 50.6% of the cohort.
The mean number of medications used was 2.26

1.1. Demographic and clinical characteristics of the
whole cohort according to baseline disease are
described in Table 1. The adherence rate was ≤20%
for 11,331 (4.2%), 21 to 40% for 20,911 (7.8%), 41
to 60% for 47,525 (17.7%), 61 to 80% for 74,648
(27.8%), and over 80% for 114,377 (42.5%).

Of the 250,917 persons recommended to receive
an influenza vaccine during 2017, 149,668 (59.6%)
received 1. Of the 264,857 persons recommended to
undergo colon cancer screening, 179,993 (68.0%)
did so. Of the 128,279 women recommended mam-
mography, 96,491 (75.2%) did so.

Table 2 presents odds ratios for undergoing the 3
preventive measures examined according to 3 non-
distinct groups: individuals with hypertension, indi-
viduals with diabetes, and individuals with hyperten-
sion and diabetes. The odds ratios were significant
from the second quintile of adherence, compared
with the first quintile, and increased continually and
similarly until the fourth quintile for the 3 preventive
measures examined. The odds ratio also increased
from the fourth to the fifth quintile of medication ad-
herence for influenza vaccination. In contrast, the
odds ratios for colon cancer screening and mammog-
raphy were similar for the top 2 quintiles of medica-
tion adherence. For influenza vaccination and colon
cancer screening, the odds ratios for the 3 groups
(hypertension, diabetes, and combined hypertension-
diabetes) increased similarly with increased medica-
tion adherence. For mammography performance, the
odds ratios for the diabetes group were lower than for
hypertension and for the combined hypertension-dia-
betes groups, for each of the top 4 quintiles of medi-
cation adherence compared with the lowest quintile.

For each of the 3 preventive measures examined,
the odds ratios increased with greater medication ad-
herence, also after adjustment for age, sex, SES,
Charlson score, and family physician visits (Table 3).
Between adherence, group comparison was signifi-
cant for all comparisons except for the fourth and
fifth quintiles for mammography and colon cancer
screening.

In multivariate logistic regressions of the whole
cohort, increased number of family physician visits
was associated with higher adherence to preventive
recommendations.

Discussion
Among individuals with hypertension and diabetes
mellitus treated with antihypertensive and antidiabetic
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medications, increased adherence to medications was
associated with increased adherence to preventive rec-
ommendations of influenza vaccine, colon cancer
screen, and mammography. Individuals whose medi-
cation adherence was over 80% were 52%more likely
to have influenza vaccine, 35%more likely to perform
colon cancer screening, and 35% more likely to have
mammography than those with a medication adher-
ence rate lower than 20%.

Among the common barriers to medication ad-
herence that have been described among individuals
with diabetes and hypertension are forgetting to take
doses, disappointment that the medication does not
show an immediate improvement, and feeling burned
out with having to take medicines.9,10 Other factors
that were identified were intolerance to medications
and medications that were taken more than twice
daily.11 In previous studies, we found that adherence

Table 1. Demographic and Clinical Characteristics of the Study Participants

Total
(N = 268,792)

Hypertension
(N = 217,953)

Diabetes Mellitus
(N = 160,082)

Hypertension and
Diabetes Mellitus
(N = 109,225)

Age (50 to 74 years) (mean 6 SD) 63.76 6.3 64.16 6.1 63.56 6.3 64.36 6.1
Sex (% women) 49.4 49.7 48.0 48.0
Low SES (%) 41.2 40.0 45.8 45.6
BMI (mean 6 SD) 30.06 5.5 30.26 5.6 30.46 5.6 30.96 5.7
Charlson score (mean 6 SD) 1.96 1.7 1.96 1.8 2.56 1.8 2.76 1.9
MI (%) 12.2 13.3 13.6 16.3
s/p CVA (%) 8.8 10.0 9.7 12.4
Hemoglobin (mean 6 SD) 13.66 1.4 13.56 1.4 13.46 1.4 13.36 1.5
Creatinine (mean 6 SD) 0.96 0.5 0.96 0.6 0.96 0.6 0.96 0.7
LDL (mean 6 SD) 92.76 30.3 93.06 30.5 87.46 29.5 85.86 29.3
HbA1c (mean 6 SD) 7.36 1.4 7.36 1.4
Number of medications* (mean 6 SD) 2.16 2.26 1.1 2.36 1.2 2.66 1.2
Number of family physician visits in 2017 (mean 6 SD) 13.16 8.7 13.36 8.7 13.86 9.1 14.66 9.5

BMI, body mass index; CVA, cerebrovascular event; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; MI, myocardial infarc-
tion; SD, standard deviation; SES, socioeconomic status.
*Total medications of the medications examined.

Table 2. Odds Ratios for Influenza Vaccine, Colon Cancer Screening, and Mammography Adherence Rate by

Baseline Disease

Hypertension Diabetes Mellitus Hypertension and Diabetes Mellitus

Influenza vaccine
Adherence rate 21% to 40% 1.13 (1.07–1.20) 1.18 (1.11–1.25) 1.21 (1.12–1.31)
Adherence rate 41% to 60% 1.25 (1.19–1.32) 1.30 (1.23–1.37) 1.31 (1.21–1.41)
Adherence rate 61% to 80% 1.54 (1.46–1.62) 1.56 (1.48–1.64) 1.56 (1.46–1.68)
Adherence rate> 80% 1.74 (1.65–1.82) 1.80 (1.71–1.90) 1.81 (1.70–1.95)

Colon cancer screening
Adherence rate 21% to 40% 1.18 (1.12–1.48) 1.17 (1.10–1.25) 1.23 (1.13–1.33)
Adherence rate 41% to 60% 1.36 (1.30–1.43) 1.37 (1.30–1.48) 1.40 (1.30–1.50)
Adherence rate 61% to 80% 1.61 (1.53–1.69) 1.61 (1.52–1.70) 1.70 (1.58–1.83)
Adherence rate> 80% 1.62 (1.54–1.69) 1.65 (1.57–1.74) 1.76 (1.64–1.89)

Mammography
Adherence rate 21% to 40% 1.22 (1.12–1.32) 1.15 (1.05–1.27) 1.28 (1.13–1.46)
Adherence rate 41% to 60% 1.29 (1.20–1.39) 1.19 (1.09–1.30) 1.30 (1.16–1.46)
Adherence rate 61% to 80% 1.46 (1.36–1.58) 1.34 (1.23–1.46) 1.50 (1.34–1.67)
Adherence rate> 80% 1.48 (1.38–1.59) 1.36 91.25–1.48) 1.57 (1.41–1.75)
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to oral medications to hypertension and diabetes var-
ied between medications.12,13 The financial costs of
the medications were not found to have an effect.
This is probably due to the low costs of these medi-
cations in the Israeli national health care system.

In the current study, we showed that adher-
ence to medication and adherence to preventive
medicine increased in parallel. Notably, the ad-
herence to mammography and colon cancer
screen recommendations plateaued at a 61% to
80% medication adherence rate. Although the
relationship between medication adherence and
adherence to preventive medicine recommenda-
tions seems intuitive, this relationship in individ-
uals with hypertension and diabetes mellitus has
not been researched. The same factors, such as
patient-physician relations, health beliefs, and

risk perception, may have a similar influence on
adherence to medications and the performance of
preventive medicine measures. Increased adher-
ence to influenza vaccine has been seen in
patients with chronic disease, poor self-assessed
health, and patients having a family doctor.14

Poor decision processes for cancer screening and
medications for hypertension and hyperlipidemia
were noted in a national survey in the United
States.15 The relationship between adherence to
preventive medicine recommendations and medi-
cation adherence may represent a healthy adher-
ence effect16 or may be a marker for overall
healthier behavior. Further research is needed on
whether investing in improving medication ad-
herence can influence adherence to other health
care activities.

Table 3. Odds Ratios and Adjusted Odds Ratios* for Influenza Vaccine, Colon Cancer Screening, and

Mammography Adherence Rates by Medication Adherence and Patient Characteristics

Unadjusted Odds Ratio Adjusted* Odds Ratio

Influenza vaccine
Adherence rate 21% to 40% 1.12 (1.07–1.18) 1.07 (1.03–1.13)
Adherence rate 41% to 60% 1.25 (1.20–1.31) 1.15 (1.10–1.21)
Adherence rate 61% to 80% 1.52 (1.46–1.58) 1.35 (1.30–1.42)
Adherence rate> 80% 1.72 (1.65–1.79) 1.52 (1.46–1.59)
Age 1.03 (1.03–1.03)
Sex (women vs men) 0.83 (0.82-0.85)
Low socioeconomic status 1.25 (1.23–1.27)
Charleson score 1.09 (1.08–1.09)
Family physician visits 1.04 (1.04–1.04)

Colon cancer screening
Adherence rate 21% to 40% 1.16 (1.11–1.22) 1.10 (1.05–1.15)
Adherence rate 41% to 60% 1.36 (1.30–1.42) 1.21 (1.16–1.26)
Adherence rate 61% to 80% 1.58 (1.52–1.65) 1.35 (1.30–1.41)
Adherence rate> 80% 1.59 (1.53–1.66) 1.35 (1.29–1.40)
Age 1.03 (1.03–1.03)
Sex (women vs men) 0.98 (0.97–1.00)
Low socioeconomic status 0.99 (0.97–1.00)
Charlson score 0.96 (0.95-0.96)
Family physician visits 1.05 (1.05–1.05)

Mammography
Adherence rate 21% to 40% 1.16 (1.08–1.25) 1.14 (1.06–1.23)
Adherence rate 41% to 60% 1.24 (1.16–1.32) 1.20 (1.12–1.28)
Adherence rate 61% to 80% 1.40 (1.31–1.49) 1.34 (1.26–1.44)
Adherence rate> 80% 1.39 (1.31–1.48) 1.35 (1.27–1.44)
Age 1.00 (0.98–1.03)
Sex (women vs men) NA
Low socioeconomic status 1.01 (0.98–1.03)
Charlson score 0.92 (0.92-0.93)
Family physician visits 1.02 (1.02–1.03)
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Study Strengths and Limitations

This is a data-based study. We used medication
purchasing as a proxy for medication adherence,
but we had no information about the actual medica-
tion use and no information about personal health
beliefs, health literacy, side effects, etc. On the
other hand, due to the high quality and the com-
pleteness of the databases and the information
about purchasing medications before and after the
study period, consistent treatment regimens and
purchasing of medication over a long period may
presumably indicate real use.

We had no information about various factors
that might influence adherence, such as discontin-
uation of medications for short periods, but the
large cohort and the large number of medications
examined presumably decrease the effects of such
phenomena.

Our study created an opportunity to evaluate
overall adherence since each patient’s adherence
was calculated based on adherence to many com-
monly used medications. Moreover, most studies
defined good adherence as a dichotomous measure,
generally as medication adherence greater than
80%. However, in everyday life, medication adher-
ence is not a dichotomous but rather a continuous
phenomenon influenced by various variables. Our
study demonstrated the association between
increased medication adherence and the perform-
ance of preventive medicine recommendations.

Conclusion
In a large cohort in a national health care system,
an association was observed between adherence to
chronic medications and adherence to preventive
medicine among persons with hypertension and
diabetes.

To see this article online, please go to: http://jabfm.org/content/
34/6/1157.full.
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