Diabetologia
© Springer-Verlag 2002
DOI 10.1007/s00125-002-0914-6

Article

Trends in hypertension management in Type |
diabetes across Europe, 1989/1990 — 1997/1999

S. S. Seedamah-Muthu (UJ) - H. M. Colhoun + H. Abrahamian - N. N. Chan - R. Mangili - G.
P. Reboldi - J. H. Fuller - the EURODIAB Prospective Complications Study Group

S. S. Soedamah-Muthu
EURODIAB, Department of Epidemiology and Public-Health, Royal Free and University College
London Medical School, 1-19 Torrington Place, London, WCI1E 6BT, UK

S. S. Soedamah-Muthu - H. M. Colhoun - N. N. Chan - J. H. Fuller
Department of Epidemiology and Public-Health, Royal Free and University College London
Medical School, London, UK

H. Abrahamian
Medical department, Hospital Vienna Lainz, Vienna, Austria

R. Mangili
Divisions di Medicina, Instituto Scientifico San Raffaele, Milan, Italy

G. P. Reboldi
Dipartimento di Medicina Interna e Scienze, Endocrine e Metaboliche, Perugia, Italy

O S.S. Soedamah-Muthu
E-mail: sabita@public-health.ucl.ac.uk

Received: 24 January 2002 / Revised: 3 June 2002 / Published online: 7 September 2002

Abstract Aims/hypothesis Our aim was to examine the change in the management of hypertension
in patients with Type I (insulin-dependent) diabetes mellitus in Europe, between 1989-1990 and
1997-1999.

Methods Seven-year changes in hypertension treatment and control (defined as blood pressure
<130/85 mmHg) were examined in a large sample of Type I diabetic patients recruited from 26
centres involved in the EURODIAB Prospective Complications Study. Hypertension was defined
as a systolic and/or diastolic blood pressure greater than 140 and/or 90 mmHg respectively, and/or

use of blood pressure lowering drugs.



Results Of 1866 Type I diabetic patients, 412 had hypertension at baseline and 631 at follow-up.
A greater proportion of hypertensive patients were treated at follow-up (69% vs 40%, p<0.0001),
which persisted after adjustment for age or centre. Of those who were treated, a modest increase
in the proportion of those controlled for hypertension was found (41% vs 32%, p=0.048), which
disappeared after adjustment for age. Among hypertensive patients with albuminuria, the proportions
treated also increased, from 35% to 76% (p<0.0001) in microalbuminuric and 64% to 95%
(»<0.0001) in macroalbuminuric patients. Control of hypertension in albuminuric patients did not
change significantly and was below 50%. The use of more than one anti-hypertensive drug increased
over a 7-year period, from 19% to 33% (p<0.0001), and a marked increase was shown in the
proportion of those taking an ACE inhibitor (from 57% to 82%, p<<0.0001).

Conclusion/interpretation The management of hypertension in Type I diabetic patients across
Europe has improved over a 7-year follow-up period. Optimal levels of blood pressure treatment

and optimal levels of control have not yet been achieved.
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In Type I (insulin-dependent) diabetes mellitus, raised blood pressure has been shown to be related
to an increased risk of retinopathy [1, 2, 3], and cardiovascular disease [4, 5] in several prospective
studies independent of other risk factors. It is estimated that 30 to 75% of diabetic complications
can be attributed to hypertension, which is twice as common in diabetic patients than in non-diabetic
people [6].

Several BP lowering trials have shown a reduction in microvascular and macrovascular
complications in patients with Type II (non-insulin-dependent) diabetes mellitus [7, 8]. Other
recent trials have shown that, independent from BP lowering effects, the progression of diabetic
nephropathy can be reduced by angiotensin II receptor blockers in Type II diabetic patients with

hypertension and albuminuria [9, 10, 11]. In Type I diabetes, the progression of retinopathy [12]



and nephropathy [13, 14] has also been reduced with the use of ACE inhibitors in normotensive
subjects.

Since the overall risk of developing cardiovascular complications in diabetic patients is higher
than in non-diabetic people and, given the importance of increased BP in the pathogenesis of
diabetic complications, several expert groups have made specific recommendations on the
management of hypertension in diabetic patients (Table 1 ). All these guidelines stress that a
diagnosis of hypertension should be based on repeated measurements, management decisions
should consider the presence of cardiovascular, renal and retinal end-organ damage, and that a
trial period of non-pharmacological intervention is appropriate in those with mild hypertension.
The guidelines recommend treating diabetic patients to a lower target BP than in the non-diabetic
population, especially in the presence of proteinuria.

[Table 1. will appear here. See end of document.]

Previous studies on hypertension treatment and control in non-diabetic cohorts in Europe and
in the United States [15, 16, 17, 18, 19, 20, 21] have shown improvements over time, but inadequate
management of hypertension. However, few studies have examined the management of hypertension
specifically in diabetic patients [22, 23].

The purpose of our study is to evaluate the impact of hypertension guidelines on the management
of hypertension in Type I diabetic patients in the EURODIAB Prospective Complications Study.
We have previously published data on the management of hypertension at baseline in the
EURODIAB IDDM Complications Study cohort [24]. This study examines how hypertension
management has changed after a 7-year period and to what extent this is independent of the cohort

getting older.

Subjects and methods

Study design and subjects. Full details of the design, methods and recruitment in the EURODIAB
PCS have been published elsewhere [25, 26, 27]. The baseline cross-sectional clinic-based study
was carried out in 1989—1991. It was set up to explore risk factors for diabetic complications in
3250 randomly selected people with Type I diabetes of 15 to 60 years of age and attending 31
diabetic clinics in 16 European countries. Sampling was stratified by age, sex and diabetes duration.
Type I diabetes was defined as diabetes diagnosed before the age of 36 years with a continuous

need for insulin within 1 year after diagnosis. Of those invited 85% participated. Those with



diabetes for less than 1 year and pregnant women were not recruited into the study. At each clinic
informed consent from all subjects and ethics committee approval for the study was obtained.
Follow-up. Approximately 6 to 8 years after the baseline examinations the study participants
were traced and invited back for re-examination. Of the 3250 subjects at baseline, 460 were from
centres who did not participate at follow-up. Five centres did not participate in assessments on the
management of hypertension at follow-up. Of the remaining 2790 subjects, 2334 subjects were
traceable, 99 had died and 357 were lost at follow-up, 1880 had vital status data, of which 1866
subjects were examined for hypertension related assessments, from 26 diabetic clinics in 14
European countries (France, Poland, Croatia, Italy, Finland, Portugal, Austria, Germany,
Luxembourg, Belgium, the Netherlands, England, the Republic of Ireland and Greece).
Measurements. The same methods were used at baseline and at follow-up. Patients were asked
whether they had had high BP, angina, a heart attack or stroke at any time in the past, diagnosed
by a doctor or a nurse. Blood pressure was measured by a random zero sphygmomanometer
(Hawskley, Lancing, UK). Using an appropriately sized cuff, two BP readings were taken from
the right arm with the patient in a seated position after resting for 5 min. Readings were taken
from the top of the meniscus and measurement was recorded to the nearest 2 mmHg. Diastolic BP
was recorded at the disappearance of sound (Korotkoff phase V). Data presented here are based
on the mean of two measurements. Hypertension was defined as a systolic BP of 140 mmHg or
more, or a diastolic BP of 90 mmHg or more, and/or the current use of BP lowering drugs. Patients
were considered to be treated for hypertension if they were currently taking BP lowering drugs as
assessed from clinical records by local investigators. Control was defined as having a systolic BP
of less than 130 mmHg and a diastolic BP of less than 85 mmHg.

A single-timed 24-h urine collection was done to calculate albumin excretion rate after excluding
proteinuria due to urinary tract infection. Urinary albumin was measured in a single laboratory by
an immunoturbidimetric method (Sanofi Diagnostics Pasteur, Minneapolis, Minn., USA) [28].
Albumin excretion rate was categorised as normoalbuminuria at 20 pg/min or less, microalbuminuria
between 20 and 200 pg/min and macroalbuminuria at 200 pg/min or more. At baseline, albumin
excretion rates were measured once, whereas at follow-up these were measured twice, with the
mean taken as data. If only one measurement was available then the result of just that one collection
was used, but this was only the case in 11% (170 out of 1594) of the total number of patients.
Statistical analysis. The statistical packages SAS (SAS, Cary, N.C., USA) and STATA (STATA
6.0, Tex., USA) were used to carry out all statistical analyses. Chi-square and Student’s ¢ tests

were used to test for differences in baseline risk factors between those included and those lost at



follow-up. Mc-Nemar and paired ¢ tests were used to analyse differences in risk factors between
the baseline and follow-up sample. The crude proportions of patients with hypertension, those
who were on treatment and who were controlled were calculated both at baseline and at follow-up.
These proportions were presented by 10-year age bands (using the baseline age) and by albuminuric
status. Trends with age (age bands) in hypertension parameters were tested for using chi-square
tests for trend. The 95% confidence intervals were calculated for the proportions (of the total) and
the chi-square test or Mc-Nemar tests (if denominators were exactly similar) were used to test for
differences in the proportions between baseline and follow-up. To test if changes over time in the
proportions of hypertensives, treated and controlled for hypertension were independent of age,
further conditional or logistic regression models were conducted, fitting time (as a dummy variable
baseline or follow-up) and age (age at baseline or follow-up) for the subjects who were included
at both timepoints. Likelihood ratio tests were used to test differences between models on
hypertension, treatment or control, fitting time alone and models with both time and age. Similarly,
the effects of centre on changes in hypertension, treatment and control over time were tested with
likelihood ratio tests, to compare logistic regression models fitting time and centre (fitted as a
dummy variable) with models fitting time alone. In addition, possible risk factors related to control
of BP were analysed by using chi-square tests for categorical variables or ¢ tests for continuous

variables. A p value of less than 0.05 was considered to be statistically significant.

Results

The mean age at baseline was 33 years (age ranged from 14.9—60.7 years) and the mean duration
of diabetes was 15 years (SD=9) (Table 2 ).The baseline characteristics of those included in this
analysis (n#=1866) and those lost to follow-up (n=1384) were mostly similar, except for a slightly
higher proportion of current smokers (chi-square p=0.002) and a higher frequency of retinopathy
(chi-square p=0.02), albuminuria (chi-square p=0.01), hypertension (chi-square p=0.001) and
cardiovascular disease (chi-square p=0.001) in those who were lost at follow-up (Table 2 ). Patients
who were lost at follow-up reported slightly more use of BP lowering drugs and were less
well-controlled than those included in the study, but these findings were not statistically significant.
[Table 2. will appear here. See end of document.]

Sample characteristics changed between baseline and follow-up. By the time of follow-up,
patients were on average 7 years older (mean age: 40 years, range from 22.6-67.6 years) and

subsequently had a longer duration of diabetes (Table 2 ). In addition, there was a higher proportion



of patients with cardiovascular disease (McNemar p=0.001) and retinopathy at follow-up (McNemar
p=0.001). All other risk factors were similar between baseline and follow-up.

Proportion of hypertensive patients. The (crude) proportion of hypertensive patients (systolic
BP >140 mmHg or diastolic BP >90 mmHg or current use of anti-hypertensive drugs) increased
from 22% (412/1866) at baseline to 34% (631/1866) at follow-up (McNemar p=0.001, Table 2 ).
Of those who were hypertensive at baseline, 73% were still hypertensive at follow-up. As expected
the proportion of hypertensive patients increased with age, for both men and women (chi-square
test for trend p=0.001, Table 3 ). To show whether this increase over time was greater than expected
from the ageing of the cohort, the data is presented by baseline age bands (Table 3 ). An increase
in hypertension prevalence was found across all age groups. However, further modelling with
conditional logistic regression models showed that there was no increase in hypertension over
time when adjusted for age (Likelihood ratio-test p=0.51). Further adjustment for centre did not
alter these results. Hence, after adjusting for age, the proportion of hypertensive patients was
similar between baseline and follow-up.

[Table 3. will appear here. See end of document.]

Treatment of hypertension. Of those with hypertension, the crude proportion who were treated
with BP lowering drugs increased from 40% (163/409) at baseline to 69% (434/628) at follow-up
(chi-square p<0.0001) (Table 2 ). Of those on BP lowering drugs at baseline, 93% were reported
to be still on drugs at follow-up. The proportions treated at baseline and at follow-up varied with
age (chi-square test for trend p=0.01, Table 3 ). Treatment significantly improved comparing
baseline and follow-up assessments across all age-bands (chi-square p<0.001). Further modelling
with logistic regression analysis showed that the increase in treatment with BP lowering drugs
over time remained significant, after adjustment for the ageing effect (likelihood ratio-test
p<0.0001). Adjustment for centre did not change these findings.

Control of hypertension. Control of hypertension (defined as a systolic BP <130 and diastolic
BP <85 mmHg) increased from baseline 32% (51/161) to follow-up 41% (176/434), in hypertensive
patients who were on treatment, but was borderline significant (chi-square p=0.048) (Table 2 ).
Of those controlled at baseline, only 59% were controlled at follow-up. A trend with age in control
of hypertension was found (chi-square test for trend p=0.02). There were improvements in control
of hypertension between baseline and follow-up by age-bands, but these were not statistically
significant (Table 3 ). Further modelling with logistic regression analysis showed that there was
no significant increase in the control of hypertension over time (likelihood ratio-test p=0.09) after

allowing for the ageing effect. Adjustment for centre did not alter these results.



Factors associated with poor control of hypertension at follow-up. Baseline risk factors related
to control of hypertension at follow-up (#=176 controlled, 258 not controlled) in treated hypertensive
patients were analysed. There were no differences in sex, smoking status, albuminuria status,
concentrations of glycated haemoglobin, fasting triglycerides and HDL-cholesterol between those
controlled and those not-controlled. Those not controlled were more likely to have had complications
at baseline, including retinopathy (78% vs 67%, chi-square p=0.07) and cardiovascular
complications (19% vs 11%, chi-square p=0.03) compared to well controlled patients. They were
also older (baseline age 39 vs 35 years, p<0.0001), had longer duration of diabetes (21 vs 18 years,
t test p=0.001), and had higher systolic and diastolic BP (137/84 vs 124/78 mmHg, ¢ test p<<0.0001),
BMI (24.8 vs 23.9 kg/m’, ¢ test p=0.005), WHR (0.87 vs 0.85, ¢ test p=0.05), total cholesterol (5.8
vs 5.5 mmol/l, ¢ test p=0.003) and LDL-cholesterol (3.8 vs 3.4 mmol/l, ¢ test p=0.002).
Management of hypertension in albuminuric patients. Unadjusted proportions of the frequency,
treatment and control of hypertension are shown by albuminuria status (Table 4 ). The proportion
of hypertensive patients, those treated and controlled increased with albuminuric status. From
baseline to follow-up, there was an increase in the proportion of hypertensive patients across all
albuminuric groups, which was not statistically significant after adjusting for age. The proportion
of those with microalbuminuria and macroalbuminuria treated for their hypertension increased
from baseline to follow-up, from 35% to 76% (chi-square p<0.0001) and from 64% to 95%
(chi-square p<0.0001), respectively. For control of hypertension in albuminuric patients who were
hypertensive and who were treated with BP lowering drugs, non-significant increases were shown
from 35% to 47% (chi-square p=0.18) in those with microalbuminuria and from 22% to 36%
(chi-squared p=0.06) in those with macroalbuminuria.

[Table 4. will appear here. See end of document.]

Number and type of BP lowering drugs used among those on treatment. A larger proportion of
all diabetic patients were treated with BP lowering drugs at follow-up (23%, 435/1866) compared
to baseline (17%, 310/1866) (Mc-Nemar p<0.0001). The use of ACE-inhibitors increased from
baseline (57%) to follow-up (82%) (chi-square p<0.0001) (Table 5 ). At baseline, 81% were on
one drug, whereas at follow-up, this proportion had decreased to 67%. More patients were treated
with multiple drugs in 1997 to 1999 (33%) than at baseline (19%) (chi-squared p<0.0001). An
ACE-inhibitor and a calcium antagonist was the predominantly used combination among those
receiving two BP lowering drugs at both time-points and increased from 1989-1990 to 1997-1999.
Similar patterns in the use of BP lowering drugs were shown for patients with albuminuria. About

77% of those treated for hypertension, but not controlled, were taking one drug at follow-up.



[Table 5. will appear here. See end of document.]

Discussion

We have shown in this EURODIAB PCS cohort of Type I diabetic patients that hypertension
treatment has improved over a 7-year follow-up period. However, the number of patients treated
and well controlled is still not optimal, especially in patients with both hypertension and
albuminuria. Poor control at follow-up is related to a more atherogenic risk profile and a higher
frequency of complications at baseline. There is still a long way to go before target BP levels,
according to new and more stringent guidelines, will be reached. We have also shown an increase
in the use of ACE-inhibitors, a decrease in the use of monotherapy and an increase in the use of
multiple drugs from baseline to follow-up.

Clinical trials with BP lowering drugs. Convincing evidence exists of the beneficial effects of
reducing BP in Type II diabetic patients, summarised in several reviews [7, 8]. Lower target levels
(<130/80 mmHg) were indicated [29, 30, 31] and greater risk reductions were reported in diabetic
patients than in non-diabetic subjects [32, 33] Different anti-hypertensive treatments have been
examined, including ACE inhibitors [31, 34, 35, 36], diuretics or beta-blockers [32, 36, 37, 38]
and CCB’s [33, 35, 36, 37, 38] which all have been shown to be beneficial compared to placebo
or conventional treatments. To achieve lower BP goals in diabetic patients with hypertension, the
use of ACE inhibitors (or angiotensin II receptor blockers if ACE inhibitors cannot be tolerated)
as first-line therapy and the use of multiple agents has been shown to be advantageous [29, 30].
The benefits of angiotensin II receptor blockers [9, 10, 11] on nephropathy has been shown in
Type II diabetes. To date, there are no BP lowering trials reporting on microvascular and
macrovascular events in Type I diabetes, even though reductions in the progression of retinopathy
[12] and nephropathy [13, 14] were reported with the use of ACE inhibitors in normotensive
subjects.

Hypertension management guidelines. Several national and international guidelines have been
published on the management of hypertension in diabetes. These guidelines, which include
recommendations for specific populations such as diabetic patients, could have contributed to the
improvement of the hypertension treatment over time. On the other hand, the complexity of the
guidelines and the absence of proper guidelines for Type I diabetes could have discouraged
physicians from applying them, leading to suboptimal management of hypertension. Most

guidelines, but not all, recommend a systolic BP target of less than 130 mmHg and a diastolic BP



target of less than 85 mmHg and recommend earlier intervention in Type I diabetic patients,
especially in those with albuminuria.

Observational studies on hypertension treatment and control. Substantial evidence from European
and American studies has confirmed improvements in treatment and control of hypertension but
still with suboptimal BP levels in non-diabetic subjects, from cross-sectional [39, 40, 41, 42, 43,
44, 45, 46] and prospective studies [15, 16, 17, 18, 19, 20, 47, 48, 49, 50].

In the EUROASPIRE I and II studies (1995-1996 to 1999—2000) in patients with coronary
heart disease, the proportion of hypertensive patients was high at both timepoints (55% vs 54%),
but the proportion of patients on BP lowering drugs achieving a target of <140/90 mmHg was low
and did not change over time (44% vs 45%). In the same study, there was a slight increase in the
use of BP lowering drugs (84% to 89%), and an increase in the use of beta-blockers (54% to 66%)
and ACE inhibitors (from 30% to 43%) [17].

In the United States, using data from the National Health and Nutrition Examination Survey
(NHANES) more than 7000 non-diabetic subjects, increases in the treatment and control of
hypertensive patients but with suboptimal levels of management, were shown from 19761980
(NHANES II) to 1991-1994 (NHANES III phase 2) [16]. With the same definition of hypertension,
the proportion of hypertensive patients treated with blood pressure lowering drugs increased from
31% to 53%, which is similar to our data (increases from 40% to 69%). Control of hypertension
(<140/90 mmHg) increased, as a proportion of the hypertensive patients (from 10% to 27%) which
is similar to our data (from 12% to 28%) [15, 16]. For control of hypertension using treated
hypertensive patients as the denominator, an increase was seen from 32% to 55% (NHANES phase
1 1988-1991), corresponding with our data (32% to 41%) [49].

In Type I diabetes, the Pittsburgh (USA) Epidemiology of Diabetes Complications Study,
showed an increase in control of hypertension from 38% in 1986—1988 to 49.5% in 1996—1998
in those treated and aware of hypertension [23].

Possible explanations for poor hypertension control. Multiple factors could explain suboptimal
levels of treatment and control of hypertension but both the patient and physician are important.
From the patients’ perspective, male sex [39, 46], obesity [39, 40], alcohol [ 18] and patient education
[51] have been suggested to explain poor control. In our study, we also found that increased age,
duration of diabetes, BP levels, lipid concentrations and the presence of more complications, as
well as obesity at baseline partly explained the reasons for poor control at follow-up. In addition,

costs and side-effects of drugs, the complexity of the regimen including multiple drugs and dosages,



lack of patients’ adherence to medication and lifestyle modifications could contribute to poor
control.

From the physicians’ point of view, inappropriate or ineffective treatments, lack of acceptance
or knowledge of hypertension treatment guidelines, costs and side-effects, and dosing schedules
of drugs have been suggested to play a role in poor management [52, 53, 54]. As aresult physicians
have been shown to initiate treatment at higher BP thresholds than existing guidelines, are less
attentive to controlling BP because they are satisfied with the existing BP, seldom intensify drug
therapy for BP above target levels and are more likely to treat or control increased diastolic BP
than systolic BP [53, 54, 55].

Limitations of the EURODIAB PCS. The EURODIAB PCS provides a useful European-wide
summary as the same standardised methods for BP measurements and albumin excretion rate
assessments were used in each centre. However, there are some limitations. This is a clinic-based,
and not a population-based study, and is therefore not fully representative. The definition of
hypertension used in most studies is a problem because a person treated with BP lowering drugs
is considered to be hypertensive, which could lead to an overestimation of the proportion of
hypertensives. The apparent increase in the proportion of hypertensives over time is explained by
the age, as well as a higher proportion of patients being treated. By examining this sample of Type
I diabetic patients in 1989 to 1990 the physicians would have been alerted to put patients on
treatment for their hypertension therefore influencing the measurements in 1997 to 1999. As BP
was measured on a single occasion, it could also have led to overestimations in the proportion of
hypertensives, although two recordings were taken. Underestimations in our results were possibly
caused by those patients lost at follow-up who had a higher frequency of complications (retinopathy,
cardiovascular disease and hypertension) compared with the baseline sample.

The compliance with BP lowering treatment, the actual indication for taking the BP lowering
drugs and non-pharmacological lifestyle interventions could not be assessed in this study. Despite
the standardization of methods, there are possible differences between countries in the management
of hypertension, however, the results did not change after adjustment for centre.

In conclusion, despite the publication of various guidelines, optimal levels of treatment and BP
control have not been achieved in hypertensive Type I diabetic patients over a 7-year period. There
is more scope for improvement. Factors that are limiting the widespread use of multiple drug

therapy to reduce raised BP levels need to be examined.
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