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The objective of this study was to determine the
prevalence, treatment, and control of hypertension,
and the determinants of undertreatment in the Dutch
population. The study design was cross-sectional. A
population-based survey on cardiovascular disease risk
factors in the Netherlands from 1996 to 2002 was the
setting of the study. A total of 10820 men and women,
aged 30-59 years, were included in the study. The main
outcome measures of the study were: Prevalence of
hypertension, treatment, and control of hypertension
and determinants of underireatment of hypertension.
Hypertension was defined as: systolic blood pressure
(SBP) =140mmHg and/or diastolic blood pressure
(DBP) =90mmHg, and/or the use of antihypertensive
medication. Treated and controlled hypertension was
defined as SBP <140mmHg and DBP <90mmHg.
Multivariate logistic regression was used to assess the
determinants of undertreatment. The prevalence of
hypertension in men was 21.4% and in women 14.9%,

and 17.9% of the hypertensive men and 38.5% of the
hypertensive women were receiving antihypertensive
medication. Of the untreated hypertensives, 21.9% of the
men and 13.6% of the women were eligible for treatment
with antihypertensive medication according to Dutch
guidelines. Female gender and the use of cholesterol-
lowering medication were associated with an increased
chance of being treated. Subjects who were physically
active, on a low salt diet, and current smokers had an
increased chance of being untreated. Taking cholester-
ol-lowering medication and no asthma or allergy were
factors associated with better control of blood pressure.
In conclusion, a considerable proportion of hyperten-
sives were untreated and uncontrolled. Therefore, the
detection and control of hypertension in the Netherlands
needs to improve. Several groups of hypertensives were
identified that need additional care and attention.
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Introduction

Hypertension is a major public health hazard be-
cause of its high prevalence' and its strong positive
association with cardiovascular diseases.”® Also,
the overall beneficial effect of treatment of hyperten-
sion has been demonstrated.”” Therefore, the
detection and adequate treatment of hypertension
is important to reduce the incidence of cardiovas-
cular diseases. Knowledge of factors that are
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associaled with undertreatment of hypertension
may help to identify subgroups that need additional
care and attention. Previously, it was reported that
the prevalence of hypertension (systolic blood
pressure (SBP) =140 mmHg and/or diastolic blood
pressure (DBP) =90 mmHg and/or use of antihyper-
tensive medication) in the Netherlands in the period
1993—1997 was approximately 20.2% of the popula-
tion in the age-group from 40 to 59 years.'” Studies
from other countries suggest that the proportion of
hypertensives treated and/or controlled has been
stable in recenl years or has even decreased.'""*

Therefore, we performed the present study to
assess the prevalence and determinants of under-
treatment of hypertension in the Netherlands during
1996-2002,
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Methods

Data

Data were obtained from population-based surveys
on cardiovascular disease risk factors conducted in
The Netherlands. The Monitoring Project on Cardi-
ovascular Disease Risk Factors (MPCDRF) study was
carried oul from 1987 lo 1992 in men and women
aged 20-59 years. Each year, a new random sample
was collected in basic health services in Amster-
dam, the capital in the west with about 700000
inhabitants, Doetinchem, a small town with circa
40000 inhabitants in a rural area in the east, and
Maastricht in the south with roughly 100000
inhabitants at that time.

The overall response rate in Amsterdam, Maas-
tricht, and Doetinchem was 45, 58, and 62%,
respectively. The average response rate for men
was 50% and lor women 57%. This project was
continued from 1993 to 1997 as the “Monitoring risk
factors and health in The Netherlands” (MORGEN)
project. In Amsterdam and Maastricht, new random
samples were collected for those aged 20-59 years,
whereas in Doetinchem the study population con-
sisted ol individuals who had participated in the
previous study. So, patients in Doetinchem were re-
examined after 5 vyears. The response rate in
Amsterdam was 30% for men and 37% for women,
in Maastricht it was 42 and 49%, and in Doetinchem
it was 57 and 60%, respeclively. From 1998 to 2002,
data were only collected from the Doetinchem cohort,
which was the second re-examination of the partici-
pants of the MPCDRF (aged 30-69 vears). The overall
response rate was 68% for men and 63% for women.

All respondents completed a questionnaire that
contained questions on demographic variables,
cardiovascular risk factors, and current use of
medication. After this, blood pressure, weight, and
height were measured and blood was drawn for total
and high-density lipoprotein cholesterol determina-
tion. The design of this study has been described in
detail elsewhere.'™' A nonresponse survey was
conducted in order to assess possible selection bias.
Of all nonrespondents (n=1620), 61% agreed to
participate, 23% could not be reached, and 16%
refused to participate. The results suggested that no
selection bias with respect to educational level has
occurred, as educational level is a main determinant
of nonresponse and is associated with blood
pressure.'™"" Therefore, no substantial differences
are expected in blood pressure between respondents
and nonrespondents.™

A random zero sphygmomanometer was used to
measure blood pressure with the subject in a sitting
position using a cuff of proper size for arm
circumference. After the first measurement, the
heart rate was measured for 30s followed after
5min by a second blood pressure measurement.

We selected patients group aged 30-59 vears,
because persons aged 20-29 were not included in

the re-examination of the Doetinchem cohort (1998
2002), and in Amsterdam and Maasltricht (1996-1997)
there were no persons aged 60-69 years included.

Definitions

Hypertension was defined according to the WHO-
ISH criteria as SBP =140mmHg and/or DBP
=90mmHg, and/or the use of antihypertensive
medication (irrespective of the level of blood
pressure). Parlicipants with hypertension were
further classified as: treated and adequately con-
trolled, treated bul uncontrolled, and untreated.
Uncontrolled persons were treated bul had their
SBP =140mmHg and/or DBP =90 mmHg. For the
analysis of undertreatment, we used Dutch guide-
lines of 2000 for the treatment of hypertension.’ If
SBP =180 mmHg and DBP =100 mmHg, treatment
is always necessary. When the 10-year cardiovascu-
lar risk (estimated with the multitactorial Framing-
ham risk equation) exceeds 20%, hypertension
should also be pharmacologically treated. Persons
aged 40-59 vears with a cardiovascular disease,
people with diabetes aged 50-59 years, people with
diabetes and smoking aged 40-49 years, and smok-
ing males aged 50-59 years with SBP between 140
and 180mmHg and/or DBP between 90 and
100 mmHg should be treated because their 10-year
cardiovascular risk exceeds 20%. Among treated
hypertensives, blood pressure is considered con-
trolled if SBP <140 mmHg and DBP <90 mmHg.
For the analysis of the determinants or treatment
and control, besides a cutoff value of 140/90 mmHg,
also a higher SBP cutoff (=160 mmTg) and/or DBP
cutoll (295 mmHg) was chosen, in order to mini-
mise misclassilication ol subjects as untreated or
uncontrolled hypertensives on the basis of two
blood pressure measurements on the same day.

Correction for within-person variability

Repeated measurements of blood pressure and total
cholesterol were available from a sample of the
population screened from 1987 to 1992.7 Among 924
subjects who were examined in 1989 and 1990, in
each vear two blood pressure measurements (in
duplicate) and a total cholesterol determination
were performed. These measurements were used to
calculate blood pressure, serum lotal cholesterol,
and HDL-cholesterol levels adjusted for within-
person variability.

The adjustment for SBP and DBP was performed
separately for persons untreated for hypertension
with no other risk factor present, respondents who
were untreated for hypertension with one or more
risk factors, and drug-treated persons after stratifica-
tion by gender and 10-year age category.'® This
adjustment was performed within these strata
because each stratum can be considered a separate
subpopulation with a specific distribution of blood



pressure values. By this approach, each blood pressure
value was corrected towards the mean ol the stratum
to which that individual belonged. This will correct
for the possibility to classify a person with normal
blood pressure as hypertensive. For total cholesterol
values, this correction was performed after stratifica-
tion for gender and 10-year age calegory.'”

Statistical analysis

The prevalence of treatment and undertreatment of
hypertension was estimated and standardised to the
age and gender distribution of the general popula-
tion in 1999. Multivariate logistic regression analy-
sis was used to assess the association between
demographic variables, cardiovascular disease risk
tactors, medication use as independent variables,
and treatment and control of hypertension as
dependent variables. The z* statistics for trend was
used for the time trends.
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Results

Prevalence of hypertension, treatment, and control of
hypertension

After exclusion of pregnant women (n=125) and
subjects with missing blood pressure data (n=12),
10820 subjects remained available for analysis.
Using the WHO-ISH guidelines,"" 20.1% (2176/
10820) of the study population was classified as
hypertensive (Table 1). Of the hypertensives, 70%
(1530/2176) were not receiving any medication,
while among those treated 54% (347/646) had blood
pressure levels =140/90 mmHg.

Table 2 lists the prevalence of hypertension by age
and gender. Among men, 21.4% had hypertension,
only 17.9% were treated, and in 67.6% of those
treated blood pressure was not controlled. Accord-
ing to the current Dutch guidelines, 21.9% of the
untreated hypertensive men were eligible for treat-
ment. Among women, 14.9% had hypertension,

Table 1 Prevalence of hypertension according to the WHO-ISH classification, adjusted for within-person variability

WHO-ISH grade SBP DBP (mmlig)
{mmHg)

Normaotensive
Optimal =120 =< B0
Narmal 120-129 80-84
High normal 130-139 85-89

Hypertensive
Grade 1 140-159 90-99
Grade 2 160179 100-109
Grade 3 =180 =110
ALL

total population)]

Total study
poptilation (1 (% of

Trealed (n [% of
total population))

Untreated {%)
(1 (% of total
population})

4247 (39.3) 32 (0.3) 4215 (40.0)
2713 (25.1) 93 (0.9) 2620 (24.2)
1983 (18.3) 174 (1.6) 1809 (16.7)
1509 (13.9) 257 (2.4) 1252 (11.6)

311 (2.9) 77 (0.7) 234 (2.2)

57 [0.5)

13 (0.1) 44 (0.4)
10820 (100) (

6546 (6.0) 1530 (14.2)°

"Only the sum of the percentages of grade 1, 2, and 3.
All percentages refer to the total study population.

Table 2 Prevalence of hyperlension (=140/90 mmHg), treated and undertreated hypertension in men and women by 10-year calegory

and adjusted for within-person variability

Respondents Hypertension Patients treated
(% of (n (% of
population)) hypertensive)]
Men
30-04" 5004 1201 (21.4) 285 (17.9)
30-39 1237 130 (10.5) 11 (8.5)
40—49 1958 419 (21.4) 75 (17.9)
50-59 1809 652 (36.0) 199 (30.5]
Women
30-59¢ 5816 a75 (14.9) 361 (38.5)
30-39 1593 549 (3.7) 24 (40.7)
4049 2306 312 (13.5) 119 (38.1)
50-59 1917 604 (31.5) 218 (36.1)

Patients treated Patients Patients untreated
but uncontrolled” untreated but should he
(n (% of those fn (% of treated” (n (% of
treated]] hypertensive]) those untrealed))
181 (67.6) 916 (82.1) 271 (21.9)
8 (72.7) 119 (91.5) 14 (11.8)

50 (67.7) 344 (82.1) G5 (16.3)
123 (61.8) 453 (69.5) 192 (42.4)
166 (51.9) G614 (61.5) 94 (13.6)

16 (66.7) 35 (59.3) 4 (11.4)

46 (38.7) 193 (61.9) 26 (13.5)
104 (47.7) 386 (63.9) G4 (16.6)

BP =140 mmllg and/or SBP =90 mmlkg,

TUntreated should be treated refers to the subjects not treated for hypertension, who should be treated according to the CBO consensus
Hypertension because their risk for developing a cardiovascular disease is more then 20% based on their age, gender, blood pressure, smoking

status, and presence of diabetes, or cardiovascular diseases.

“Weighed by the age and gender distribution of the general Dutch population in 1999,
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38.5% were treated, of whom 51.9% were uncon-
trolled. About 14% of the untreated hypertensive
women were eligible for treatment. The prevalence
ol hypertension increased with age for both men and
women. In each age category, the [realment with
antihypertensive medication was more prevalent in
women compared to men. Among the 2176 subjects
with hypertension, a total of 365 subjects were
eligible for treatment but untreated and of those
treated (n=646) 347 persons had their blood
pressure not controlled.

Time trends in the treatment and control of
hypertension

The prevalence of hypertension decreased signifi-
cantly from 1996 to 2002 in Doetinchem [trend test
P-value =0.04). An increasing trend was observed
for the percentage of treated hypertensives (trend
test P-value = 0.02).

The percentage of controlled persons fluctuated
during the period, with the worst situation between
1998 and 1999 (Table 3). During this period, the
percentage of hypertensives who were eligible for
treatment but untreated was highest. The proportion
of treated hypertensives with uncontrolled blood
pressure and the proportion of untreated hyperten-
sives who were eligible for treatment was lowest
from 2000 to 2002. However, none of these differ-
ences were statistically significant.

Determinants of untreated and treated but
uncontrolled hypertension

Determinants of undertreatment, defined as eligible
for treatment but not receiving antihypertensive
medication, are reported in TFigure 1la. Subjects
who used cholesterol lowering medication and
subjects screened during the years 1998 and 1999

were less likely to be untreated (Odds ratio <1).
Males, current smokers, subjects on a low salt diet,
and physically active hypertensives were more
likely to be untreated (Odds ratio =1).

Determinants of treated but uncontrolled hyper-
tension are reported in Figure 1b. The use of
cholesterol-lowering medication was significantly
associated with a lower probability of uncontrolled
hypertension (Odds ratio <1) and having asthma or
allergy with a higher probability of uncontrolled
hypertension.

We also performed an analysis with a higher
SBP cutoff (=160mmHg) and/or DBP culoff
(295mmHg). The association between determi-
nants and treatment status was similar compared
to the analysis with lower blood pressure cutoffs.
Although the following factors showed the same
trend, they were no longer signilicant: year of
screening  (1998-1999 vs 1996-1997 OR =0.43,
95% CI=0.16-1.16) and being physically active
(OR=1.96, 95% CI=0.96-3.99). The place of
residence became significant (Maastricht vs Doe-
tinchem OR =0.28, 95% CI=0.08-0.78; Amsterdam
vs Doetinchem OR =0.25, 95% CI = 0.09-0.84). The
association between determinants and uncontrolled
blood pressure was also similar compared to the
analysis with a lower blood pressure cutoff level.
However, vear of screening (2000-2002 vs 1996—
1997 OR =0.20, 95% Cl = 0.05-0. 82) and older age
were  significantly associated (OR=0.93, 95%
CI=0.86-0.99). Asthma or allergy was no longer
significant (OR = 1.69, 95% CI =0.62-4.57).

Discussion

Approximately 21% of the men and 15% of the
women aged 30-59 years were hypertensive. Ap
proximately 18% of the hypertensive men and 39%

of the hypertensive women were receiving antihy-

Table 3 Prevalence of hypertension (= 140/90 mmHg), treated and undertreated hypertension for different time periods, weighted by age
and gender distribution of the general Dutch population in 1999 and adjusted for within-person variability

Respondents Hypertension Patients (reafed Patients treated — Patients untreated  Palients unirealed
(% of (n (% of but uncontrolled” (n (% of but should be
population)] hypertensive)] (n (% of those hypertensive]) treated” (i (% of
treated]) those untreated))
1996-1997
Amsterdam 2421 389 (15.8) 133 (32.3) 38 (54.2) 256 (67.6) 62 (14.5)
Maastricht 2089 440 (16.7) 57 (38.0) 82 (62.8) 283 (62.0) 68 (25.3)
Doetinchem 2518 427 (21.4) 91 (20.7) (65.2) 336 (79.3) 77 (23.0)
1998-1999
Doetinchem 1446 349 (21.3) 94 (27.2) 535 (67.6) 255 (72.8) 78 (23.0)
2000-2002
Doetinchem 2346 571 (20.6) 171 (28.5) 89 (56.3) 400 (71.5) 80 (14.9)

c)'Bl" =140 mmHg and/or DBP =90 mmHg.

PUntreated should be treated refers to the subjects not treated for h\ppripnsmn who should be treated according to the CBO consensus

Hypertension because their risk for developing a cardiovascular discase is more then 20%

status, and presence of diabetes, or cardiovascular diseases.
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Figure 1 (a) Determinants of untreated and uncontrolled hypertension according to CBO consensus Hypertension. All odds ratio are
adjusted for demographic variables, cardiovascular risk factors, and medication use.
‘Lvidence for cardiovascular disease=myocardial infarction, cerebrovascular disease, coronary artery bypass, PTCA, and/or heart

catherisation.
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pertensive medication. According to the Dutch
guidelines, only 21.9% of the untreated hyperten-
sive men and 13.6% of the untreated hypertensive
women were eligible for pharmacological treatment.
Of the treated persons, 67.6% of the men and 51.9%
of the women had uncontrolled blood pressure
levels despile pharmacological treatment. A possi-
ble explanation for the differences found in men and
women could be the higher rate of patient—physi-
cian contact ol women and the higher compliance of
women in our study population. Unfortunately, we
did not have information on these variables and
were therefore unable to investigale these factors.
The prevalence of hypertension decreased and the
prevalence of treatment increased between 1996 and
2002 in Doetinchem.

The prevalence ol hypertension in the Nether-
lands is similar compared to other Western-Eur-
opean studies. In England, the prevalence is
approximately 24% in men and 22% for women
(aged 30-59 years);'” in France, it is 16% for men
and 9% for women [wod 18-50);"" and in Germany
39% f01 men and 25% for women (aged 25-64
years).' The percentage of treated hypertensives in
West-Ilurope is around 60% and the percentage of
uncontrolled hypertensives around 20%. Recently,
Wolf-Maier et al” published that the prevalence of
hypertension was 44 % in six European countries
and that only 8% of the hypertensive persons had
their blood pressure controlled [aged 35-64 years).
However, because of differences in study design,
such as ¢ 1g0 range, vears of screening, and method for
blood pressure measurement it is difficult to
compare the results. In most studies, treatment and
control of hypertension is betler in women than in
men, '

The results from the multivariate analysis show
that females, being not physically active, not having
been screened at the beginning of the follow-up, low
intake of salt, and use of cholesterol-lowering
medication are significantly positively associated
with the treatment of hypertension. Also, in other
European studies, females and non-smoking are
positively associated with the treatment of hyper-
tension, while results for age and evidence for
cardiovascular diseases are not the same.”=** This
is probably caused by the difference in age range. In
our study, subjects who are physically active or
having a low sall diet are less likely to receive
treatment. This might have occurred because these
subjects were borderline hypertensive and were
advised by their doctors to be more active in order
to reduce their blood pressure or eat a low salt diet.
The use of cholesterol-lowering medication and
having asthma or allergy are factors associated with
a better control of blood pressure. A possible
explanation is that patients who already use
medication besides blood pressure-lowering drugs
have a higher compliance. In other European
studies, female gender and evidence for cardiovas-
cular disease are associated with a better control of

Journal of Human Hypertension

blood pressure.® " The results of our study are
wrmlm although the differences in study do@wnq

makes it difficult to compare the results.

Treatment considerations

At the moment, two different treatment guidelines
are used in the Netherlands.'”** The CBO consensus
is the most recent guideline and is the result of a
consensus between various health-care profes-
sionals, whereas the NHG guideline is less recent
and is an advice from the Dutch General Practi-
tioners Association. The NHG guideline still uses
blood pressure =160/95mmHg as a delinition for
hypertension, and recommends treatment goals
below 160mmHg SBP and 90mmHg DBP. This
may explain the poor control of blood pressure
since 1996 and improvement during the most recent
vears. Nonetheless, even in the most recent years,
treatment and control rates of hypertension were far
from optimal. Recently, the Joint National Commit-
tee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood pressure even recommended
starting antihypertensive drug treatment in patients
with blood pressure =140/90 mmHg, irrespective of
their cardiovascular risk factor profile.*

One possible nxplandlmn for the lack of control of
blood pressure among treated h\eperteuslves might
be the lack of aggressiveness in trealing persons.
Another reason for not achieving the target blood
pressure is poor patient compliance with the
antihypertensive medication. According to several
studies, about 50-60% of hypertensives adhere well
to antihypertensive medication.”®*” Lack of treat-
ment among those eligible for drug treatment may be
caused by a lack of detection of hypertension,
physician noncompliance with treatment guide-
lines,*** or reluctance of persons to receive drug
treatment.”***

Unfortunately, despite various interventlion stra-
tegies of different aspects in the management of
hypertension, only a few of these interventions have
been effective in achieving improved control of
blood pressure.*” Multiple interventions at the level
of patients, health-care providers are probably more
effective than a single interaction by a health-care
provider alone.”

The WHO reported in 1999 that there are worrying
signs that the control rates had stabilised or even
declined in some cases."" This study demonstrates
that the prevalence of hypertension has decreased
and thal the number of hypertensives (realed has
increased between 1996 and 2002 in Doetinchem. Tt
is, however, difficult to compare the results from
Doetinchem with the general Dutch population. The
results from the multivariate analysis show that
hypertensives living in Doetinchem were less likely
to be treated and to be controlled compared to
hypertensives living in Amsterdam or Maastricht
between 1996 and 1997, So, even in a small country



such as the Netherlands there are regional differ-
ences in (reatment probability, which may be related
to differences in lifestyle.

Strengths and limitations

A potential bias is that patients are classified as
hypertensives based on measurements, which were
obtained on a single occasion, although averaged
over two readings. However, we adjusted for within-
person variability in blood pressure and total
cholesterol. Ignoring this variability would have to
incorrect classification of persons with normal
blood pressure as hypertensives and therefore,
influence prevalence estimates. Also, a higher blood
pressure (=95/160 mmHg) cutoff was used for the
analysis of determinants of hypertension, since this
could minimise the number of falsely assigned
hypertensives. The results are, however, similar.

Another limitation is that we used self-reported
data and did not include an examination of the
subjects’ medical records. The influence of misclas-
sification is difficult to assess because over- and
under-reporting of cardiovascular risk factors and
diseases occur.”” The use of information from self-
reported medication has most likely, not influenced
our prevalence estimates, because agreement be-
tween self-reported antihypertensive drug use in
this survey and the pharmacy records of antihyper-
tensive drug dispensings is excellent.™

The Doetinchem cohorl was a re-examination. It is
possible that persons who participate in the re-
examination are more conscious of their health (eg
better compliance with drugs, better lifestyle, more
vigits to a physician). If this is the case we under-
estimated the number treated and controlled hyper-
tensives in the general population.

We decided to consider only subjects with risks of

developing a cardiovascular disease within the next
10 years exceeding 20% as “‘untreated but should be
treated”. However, according to the CBO guide-
lines' when the cardiovascular risk is between 10
and 20%, drug treatment is cost-effective and may
therefore be considered. So, the eligible group for
treatment is most likely larger than that considered
in this study. We did not include this group in our
analysis because the guidelines leave this to the
individual choice of t}w physician and patient.

Conclusions

Overall, the results suggest that approximately 14%
of the Dutch population aged 30-59 vyears has
hypertension (blood pressure =140/90 mmHg).
The situation is better for women than for men.
There remains a considerable proportion of hyper-
tensives who are eligible for treatment but are
untreated (18%) and treated patients whose blood
pressure is not controlled (46%). Although treat-
ment improved slightly during the study period in
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Doetinchem, control of hypertension in our study is
far from optimal. Owing to the strong association
between blood pressure and cardiovascular disease,
it is necessary to improve treatment and control
rates of hypertension in the Netherlands. To im-
prove the management of hypertension, physicians
may focus on the subgroups, that are identified in
this study.
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