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Summary

BACKGROUND: Recommendations for blood pressure
goals have considerably changed across time, in particu-
lar for high-risk patients with diabetes mellitus and/or renal
dysfunction. Before 2009, Swiss Society of Hypertension
(SSH) guidelines recommended lowering blood pressure
to <135/85 mm Hg and after 2009 to <130/80 mm Hg
in high-risk patients. It remains unclear whether guideline
changes for blood pressure targets are associated with re-
ductions in blood pressure in hypertensive patients treated
in primary care. The objective was to report the associa-
tion between guideline change and blood pressure target
achievement, as well as the prevalence of blood pressure
target achievement according to guidelines and to identi-
fy factors associated with blood pressure target achieve-
ment in a Swiss primary care sample of treated hyperten-
sive patients.

METHODS: We used longitudinal data from the Swiss Hy-
pertension Cohort Study, which was a prospective, obser-
vational study conducted by the Centre for Primary Health
Care of the University of Basel from 2006 to 2013. Gen-
eral practitioners (GPs) enrolled 1003 patients attending
their practice with a pre-existing diagnosis of arterial hy-
pertension or office blood pressure measurement ≥140/90
mm Hg and assessed office blood pressure, cardiovascu-
lar risk factors, subclinical organ damage, diabetes mel-
litus, and established cardiovascular and renal disease.
Mixed-effects regression models were used to estimate
the associations of (1) the change in hypertension guide-
lines in 2009 with blood pressure and antihypertensive
therapy in high-risk patients, and (2) cardiovascular risk
factors with blood pressure target achievement in patients
with complicated and uncomplicated hypertension. Mod-
els were adjusted for sociodemographic and health-relat-
ed covariates. Missing data were imputed using a “multi-
ple imputation by chained equation” approach.

RESULTS: At baseline, hypertensive patients were on av-
erage 65.9 ± 12.5 years old and 55% were male. Blood
pressure targets were achieved in 47% of patients with un-
complicated hypertension and in 13% of high-risk patients

at baseline. In multivariable analyses adjusted for potential
confounding factors, a visit by high-risk patients after 2009
was associated with decreased systolic office blood pres-
sure (−5.40 mm Hg, 95% confidence interval [CI] −8.08 to
2.73) and a trend towards an increased use of pharmaco-
logical combination therapy (odds ratio [OR] 1.85, 95% CI
0.94 to 3.63; p = 0.073) compared with a visit before 2009.
Neither a reduction of diastolic blood pressure nor an in-
crease of blood pressure target achievement in high-risk
patients was observed after 2009. High-risk patients were
slightly more likely to achieve blood pressure targets at lat-
er follow-up visits than at baseline (OR 1.35, 95% CI 0.98
to 1.86; p = 0.068). In patients with uncomplicated hyper-
tension, factors associated with the likelihood to achieve
blood pressure goals were the increased use of pharma-
cological combination therapy (OR 1.19 per combination
increase: e.g., dual therapy vs monotherapy, 95% CI 1.02
to 1.40), left ventricular hypertrophy (OR 0.58, 95% CI
0.36 to 0.93), older age (OR 1.19 per 10 years, 95% CI
1.02 to 1.40) and the number of follow-up examinations
(OR 1.44 per follow-up visit, 95% CI 1.21 to 1.72).

CONCLUSION: Overall, blood pressure goal attainment
remains low for treated hypertensive patients followed up
by primary care physicians in Switzerland. Independent of
known confounding factors for blood pressure, the 2009
guideline change in high-risk patients was associated with
a reduction in systolic office blood pressure together with
an increase in pharmacological combination therapy.
These results highlight primary care physicians’ efforts to
implement blood pressure guidelines. Further, blood pres-
sure goal attainment was more likely to be achieved in lat-
er follow-up visits, indicating that it takes time and regular
follow-up visits with the GP to meet blood pressure goals.

Keywords: guidelines, hypertension, complicated hyper-
tension, blood pressure target, diabetes mellitus, renal
dysfunction, prospective cohort study

Introduction

In Switzerland and other countries in the western world hy-
pertension affects around a quarter to a third of the adult
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population and is one of the most common conditions seen
in primary care [1–5]. Hypertension is one of the ma-
jor risk factors for cardiovascular and renal morbidity and
mortality [6–8]. In patients with diabetes, hypertension af-
fects more than 60% [9]. In particular, hypertensive pa-
tients with diabetes and renal dysfunction have a higher
risk for cardiovascular morbidity and mortality than those
without [10, 11]. Convincing evidence suggests that de-
creasing blood pressure below recommended target levels
reduces cardiovascular morbidity and mortality [12]. Nev-
ertheless, worldwide data suggest that blood pressure tar-
get levels are rarely reached [13]. In Switzerland, a cross-
sectional study of hypertensive primary care patients
indicated that half of all hypertensive patients and only one
fifth of patients with diabetes, chronic kidney disease or
proteinuria achieved recommended blood pressure target
levels [14, 15].

Blood pressure goal recommendations have substantially
changed during recent years [16]. In 2003, guidelines of
the Swiss Society of Hypertension (SSH) for the manage-
ment of arterial hypertension aimed at blood pressure val-
ues below <135/85 mm Hg for hypertensive patients with
complicated hypertension (e.g., diabetes mellitus) [17]. In
2009, SSH guidelines recommended lowering blood pres-
sure to <130/80 mm Hg in hypertension complicated by
other diseases, such as diabetes mellitus or renal disease.
In 2015, SSH guidelines were revised [18] again based on
the 2013 guidelines of the European Society of Hyperten-
sion (ESH) / European Society of Cardiology (ESC) [19].
The revised 2015 guidelines recommended a blood pres-
sure target of <140/85 mm Hg in hypertensive patients
with diabetes and/or renal dysfunction. The revised blood
pressure treatment goals were due to a lack of solid evi-
dence from randomised controlled trials for an aggressive
blood pressure lowering approach [20]. In particular, with
more aggressive goals (<130 mm Hg, as recommended in
2009) target organ heterogeneity was observed, with a de-
creased risk of stroke, but no advantage regarding the risk
of other macrovascular or microvascular events such as
microalbuminuria, overt nephropathy, end-stage renal dis-
ease / dialysis, doubling of serum creatinine, neuropathy
and retinopathy, and the risk of serious adverse events even
increased [21, 22]. In 2018, the Swiss guidelines recom-
mended a further loosening of blood pressure goals with a
blood pressure reduction <140/90 within 3 months for all
patients (uncomplicated hypertension and hypertensive pa-
tients with diabetes and/or renal dysfunction).

The aim of this article was to evaluate whether SSH guide-
line changes in 2009 had an effect on blood pressure mea-
surements and on the practice of antihypertensive therapy
among high-risk patients with hypertension complicated
by diabetes mellitus and/or renal dysfunction. Further, we
evaluated the association of demographic, lifestyle, clinical
and therapeutic characteristics with blood pressure goal at-
tainment among high-risk patients and uncomplicated hy-
pertensive patients.

Materials and methods

Study design and procedures
This was a prospective cohort study assessing hypertensive
patients visiting their general practitioner (GP) in the

north-western part of Switzerland. The Swiss Hypertensive
Cohort Study started in 2006 and ended in early 2013. GPs
were part of the Primary Care Network Northwest Switzer-
land. Eligible patients were approached during routine vis-
its to their GPs. One thousand and three patients were
recruited by 87 GPs. The data were recorded via an in-
ternet-based database. Data were collected at baseline and
thereafter at a minimum annually during routine consulta-
tions. All participants gave written informed consent, and
the institutional ethics committee approved the study pro-
tocol.

Study patients
The following inclusion criteria were applied: a minimum
age of 18 years, with an established diagnosis of arterial
hypertension or newly diagnosed arterial hypertension.
Newly detected hypertension was defined as mean
through-sitting office blood pressure measurement ≥140/
90 mm Hg. Diagnosis relied on the judgment of the treat-
ing physician, and treatment could be pharmacological
and/or non-pharmacological (lifestyle modifications). Ex-
clusion criteria encompassed: (1) acute coronary syndrome
(myocardial infarction or unstable angina), stroke or tran-
sient ischaemic attack in the previous 3 months; (2) percu-
taneous transluminal coronary angioplasty, coronary artery
bypass grafting in the previous 3 months; (3) acute hepatic
or renal disease in the previous 3 months; (4) inability to
provide informed consent; (5) other severe concomitant
disease such as terminal illness, if life expectancy was <1
year.

Subgroups of interest were defined as follows:

1. Complicated hypertension: hypertensive patients with
diabetes mellitus and /or with microalbuminuria (al-
bumin-creatinine ratio ≥2.26 mmol/l or a urinary dip-
stick test ≥2+) and/or impaired renal function (estimat-
ed glomerular filtration rate [eGFR] <60 ml/min/1.73
m2).

2. Uncomplicated hypertension: hypertensive patients
without the above mentioned conditions.

Blood pressure measurement
The average of a minimum of two blood pressure readings
were obtained in sitting position after at least 5 minutes of
rest using calibrated aneroid or mercury sphygmomanome-
ters or validated automatic devices, depending on avail-
ability in the GP practice.

Assessment of clinical data
During the baseline visit, GPs assessed demographic char-
acteristics such as age, sex, weight, height and waist cir-
cumference. Information on socioeconomic and marital
status and several lifestyle factors were recorded. The latter
included tobacco smoking, alcohol use and physical ac-
tivity. Alcohol consumption was classified into four cate-
gories: none, occasional, moderate (≤2 units of alcoholic
beverages per day on average) and high (>3 units per day
on average). Similarly, physical activity was classified ac-
cording to three categories at the discretion of the GPs: lit-
tle, medium and high. Clinical history, physical examina-
tion, routine laboratory profile and urine specimens were
obtained. If possible, heart rate, 12-lead electrocardiog-
raphy and transthoracic echocardiography were obtained.
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Also, information on socioeconomic characteristics, fami-
ly history of cardiovascular events, presence of target or-
gan damage and cardiovascular risk factors was collected.
Lifestyle modifications, antihypertensive drug therapy and
concomitant treatments were documented.

Definition of cardiovascular risk factors variables
The variable “established cardiovascular disease” included
a history (>3 months) of cerebrovascular disease, coronary
heart disease, cardiac failure, symptomatic lower extremity
peripheral artery disease and advanced retinopathy. Judg-
ment on the presence of established diseases was at the dis-
cretion of the physician involved. Diabetes mellitus was
defined at the discretion of the GPs (as use of insulin or
oral antidiabetics or by laboratory values [blood glucose
levels over 7 mmol/l, postprandial blood glucose levels
over 11 mmol/l or glycated haemoglobin over 6.5%]) [23].
Dyslipidaemia was defined as total cholesterol over 4.9
mmol/l and/or low-density lipoprotein (LDL) cholesterol
over 3.0 mmol/l, and/or high-density lipoprotein (HDL)
cholesterol in men <1.0 mmol/l (40 mg/dl) and in women
lower than 1.2 mmol/l and/or triglycerides over 1.7 mmol/
l (150 mg/dl). Microalbuminuria was defined on the basis
of semi-quantitative dipstick testing or the albumin/creati-
nine ratio in spot urine samples (as albumin-creatinine ra-
tio ≥2.26 mmol/l or a urinary dipstick test ≥2+) [24, 25].
Left ventricular hypertrophy (LVH) was based on crite-
ria on the 12-lead electrocardiogram or echocardiography
and was defined as a positive Sokolow-Lyon index (SV1
+ RV5/V6 ≥3.5 mV) or a positive Cornell Index (RaVL
+ SV3) >2440 mV3*ms. Echocardiographic LVH was de-
fined as a left ventricular mass (LVM) index >115g/m2 in
men, and >95 g/m2 in women. The eGFR was based on
serum creatinine laboratory values using the estimated cre-
atinine clearance rate (eCCr) and Cockcroft-Gault formu-
la: eCCr = ((140−age) × mass (in kg) × [0.85 if female]) /
(72 × serum creatinine (in mg/dl)). Impaired eGFR was de-
fined as an eGFR below 60 ml/min/1.73 m2 [26] and was
used as a proxy for renal dysfunction. Body mass index
(BMI) was defined as the body mass divided by the square
of the body height (kg/m2).

Blood pressure goal attainment
The target blood pressure for the general population was
defined as blood pressure <140/90 mm Hg according to all
Swiss guidelines (2003, 2009, 2015 and 2018). According
to 2003 SSH guidelines, blood pressure goals for patients
with complicated hypertensiion patients was <135/85 mm
Hg for those with diabetes mellitus and <130/80 mm Hg
for patients with renal dysfunction [17]. According to 2009
SSH guidelines, blood pressure goal for patients with di-
abetes mellitus and/or renal dysfunction was <130/80 mm
Hg. All guidelines considered the target blood pressure for
isolated systolic blood pressure in the elderly to be <150/
90 mm Hg.

Data collection and management
The database used in HccH was developed by the Centre
for Primary Health Care in cooperation with GPs and host-
ed by IBM SPSS Switzerland. Data entry was by GPs
participating in HccH via a password protected website.
Anonymised data collection was ensured by using individ-
ual patient codes known only by the treating GP. Complete

patient datasets were transferred via a secured channel to
the study centre.

Statistical analysis
Statistical analyses were conducted using R version 3.6.2.
Continuous and categorical variables were expressed as
mean ± standard deviation (SD), as median and interquar-
tile range (IQR) for ordinal variables and as number and
percentage (%) of participants, respectively.

To investigate the multivariable association of blood pres-
sure with guideline change (years before/after 2009), linear
and logistic mixed-effects regression models were fitted.
We used the linear regression for systolic and diastolic
blood pressure and the generalised linear model with a log
link from the binomial family for blood pressure target
achievement. We used mixed‐effects models with subject
random intercepts in order to account for the correlation of
repeated measures within subjects. For this purpose, the R
functions lmer and glmer from the package “lme4” were
used. We ran separate models for patients with uncom-
plicated hypertension and patients with complicated hy-
pertension (diabetes mellitus / renal dysfunction). In sec-
ondary analyses, we investigated the relationship between
guideline change and antihypertensive pharmacological
therapy type via a cumulative link model with one random
term to account for the correlation of repeated measures
within subjects using the R function clmm from the R
package “ordinal”.

The principal dichotomous explanatory variable was
guideline change (before/after 2009). Multivariable mod-
els were adjusted for the number of follow-up examination
(baseline, and first and second visit), age, sex, blood pres-
sure (systolic if the outcome was diastolic blood pressure,
diastolic if the outcome was systolic blood pressure, none
if the outcome was blood pressure target achievement, or
both if the outcome was antihypertensive pharmacological
therapy), total cholesterol, fasting plasma glucose, BMI,
LVH, diabetes mellitus, years with hypertension diagnosis,
established cardiovascular disease, antihypertensive ther-
apy type, lipid lowering therapy, physical activity, alco-
hol consumption and smoking. Linear models additional-
ly included the following non-pharmacological therapies:
weight reduction, increased physical activity, smoking ces-
sation, alcohol reduction.

Two regression models were fitted for each of the four out-
come measure (systolic and diastolic blood pressure, blood
pressure target achievement (yes/no) and type of antihy-
pertensive combination therapy (mono, duo, triple, quadru-
ple or more)): firstly, “univariable” models including the
predictor guideline change adjusted for the variable fol-
low-up visit, second, the multivariable models with the ad-
justed measures. Eight models were thus fit in total. Statis-
tical significance was a 2-sided p-value of less than 0.05.

In secondary analyses, we investigated the relationship
between demographic characteristics, cardiovascular risk
factors, diabetes mellitus or subclinical organ damage,
pharmacological therapy and blood pressure target
achievement using multivariable mixed-effects logistic re-
gression separately within the group of uncomplicated hy-
pertensive patients and the group of high-risk patients.
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Missing data
The study population consisted of 1003 participants with
a total of 2237 observations. Of these, 1886 (84%) had
missing values in one or more variables, with missing
data ranging from 0% (systolic blood pressure) to 60.3%
(eGFR) at baseline (supplementary table S1 in appendix
1). We decided to exclude variables with more than 40%
missing data at baseline from further multivariable analy-
ses (eGFR and positive family history) because as the per-
cent of missing data increases, the root-mean-square devi-
ation of multiple imputation also linearly increases [27].
To account for missing data of the other variables our
primary analyses were conducted on an imputed dataset
where missing values were generated using multiple im-
putation by chained equations (MICE) [28]. In the MICE
procedure, a series of regression models are run whereby
each variable with missing data is modelled conditional
upon the other variables in the data [29]. Imputed datasets
were generated under the missing at random assumption,
that the probability of data being missing is dependent on
the observed data [30]. The imputation model included all
variables of interest including the outcome variables. Lin-
ear regression was used for imputation of continuous vari-
ables, logistic regression for dichotomous variables and
multiple logistic regression for categorical variables with
more than two categories. MICE estimated a high fraction
of missing information for LVH (51%), years with hy-
pertension diagnosis (46%), physical activity (37%), cho-
lesterol (37%), fasting plasma glucose (22%). The other
variables of interest were below 6%. Following recom-
mendations by van Buuren [31], 100 datasets were imput-
ed and combined according to Rubin’s rules [32]. We also
performed a complete case sensitivity analysis without im-
puted data.

Results

Cohort characteristics
Table 1 describes the demographic, lifestyle, clinical and
therapeutic characteristics of the study population at base-
line and follow-up visits. Overall, 87 GPs provided data on
hypertensive patients attending their practices. A total of
1003 hypertensive patients were included in the cohort.

We included first and second follow-up examinations with
a loss to follow-up of 25% and 52%, respectively. Differ-
ences between completers and non-completers are reported
in appendix 1 (tables S1 and S2). Among the whole sam-
ple, the first follow-up visit was in average 1.64 (SD 0.87)
years after baseline and second follow-up visit 2.84 (SD
0.87) years after baseline. At baseline, mean age was 64.47
(SD 13.17) years and 56% of patients were male (see table
1).

Across the whole sample, systolic blood pressure de-
creased from 145 mm Hg at baseline by an average of
−3.17 (95% CI −3.87 to −2.47) mm Hg per follow-up ex-
amination, and diastolic blood pressure decreased from 85
mm Hg by an average of −1.99 (95% CI −2.42 to −1.57)
mm Hg per follow-up examination. The percentage of par-
ticipants achieving target blood pressure increased from
34% at baseline to 46% at second follow-up (see table 1).
Blood pressure target achievement increased across fol-
low-up visits in both subgroups. In uncomplicated hyper-

tension 46.85% achieved blood pressure goals at baseline,
61.39% at first follow-up, 61.92% at second follow-up. In
complicated hypertension 12.53% achieved blood pressure
goals at baseline, 19.71% at first follow-up and 18.99%
at second follow-up. Table 2 summarises demographic,
lifestyle, clinical and therapeutic characteristics at baseline
according to type of hypertension /complicated/uncompli-
cated). There were 367 (37%) of patients at baseline with
complicated hypertension. Of these, 267 had diabetes, 157
had renal disease and 57 had both.

Associations of guideline change in 2009 and blood
pressure in high-risk patients
Table 3 summarises univariable and multivariable regres-
sion results for guideline change in 2009 predicting blood
pressure measurements and pharmacological treatment
type. The guideline change in 2009 was significantly asso-
ciated with systolic office blood pressure in high-risk pa-
tients, namely by reducing systolic office blood pressure
from 147 mm Hg at baseline by 6.85 mm Hg (95% CI
−9.92 to −3.77) or adjusted for confounding variables by
5.4 mm Hg (95% CI −8.08 to −2.73) (table 3 and fig. 1).
Diastolic office blood pressure in high-risk patients was
83 mm Hg at baseline and decreased by −2.49 mm Hg
(95% CI −4.35 to −0.63) after 2009. However, after ad-
justment for confounding variables, the association disap-
peared in diastolic office blood pressure (β = 0.26, 95%
CI −1.25 to 1.77). Similarly, the cumulative probability
of combination pharmacological treatment increased sig-
nificantly after 2009 in the univariable model (OR 2.22,
95% CI 1.15 to 4.29), but did not remain significant after
adjusting for covariates (OR1.85, 95% CI 0.94 to 3.63;
p = 0.073). Achievement of blood pressure targets were
not significantly associated with guideline change in high-
risk patients. Results from multivariable analyses regard-
ing systolic/diastolic blood pressure and pharmacological
treatment in complicated and uncomplicated hypertension
are reported in the supplementary tables S3–S7 in appen-
dix 1.

Results and inferences from the multivariable complete
case sensitivity analyses in patients with complicated hy-
pertension with n = 116 were comparable to those found
using the imputed data (supplementary tables S8–S11), ex-
cept for antihypertensive combination therapy with oppo-
site odds ratios.

Factors associated with blood pressure control
In patients with uncomplicated hypertension we found in-
dependent significant covariates of blood pressure achieve-
ment in the multivariate model; patients with LVH were
42% less likely to achieve blood pressure goals (OR 0.58,
95% CI 0.36 to 0.93), older patients were more likely to
achieve blood pressure goals (1.19 per 10 years, 95% CI
1.02 to 1.40), patients with an increased use of pharmaco-
logical combination therapy were more likely to achieve
blood pressure goals (OR 1.19 per combination increase:
e.g., dual therapy vs monotherapy, 95% CI 1.02 to 1.40)
and patients at later follow-up examinations were more
likely to achieve blood pressure goals (OR 1.44 per follow-
up visit [e.g. first follow-up visit vs baseline], 95% CI 1.21
TO 1.72) (table 4). The latter association was also observed

Original article Swiss Med Wkly. 2020;150:w20279

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 4 of 12



in high-risk hypertensive patients but was not significant
(OR 1.35, 95% CI = 0.98 to 1.86; p = 0.068). In high-
risk patients, we found no variables significantly associat-
ed with blood pressure target achievement.

Discussion

The analysis of patients enrolled for Swiss Hypertensive
Cohort Study provided detailed information on the effect
of the revision of Swiss clinical practice guidelines on

blood pressure and its control in a primary care setting. In
this “real life setting”, the Swiss Society of Hypertension
guideline changes resulted in a reduction of systolic blood
pressure and increased use of antihypertensive combina-
tion therapy among patients with diabetes mellitus or re-
nal dysfunction. Despite antihypertensive treatment of the
great majority for an average of 10 years, blood pressure
targets were reached in only 34% of all patients (13% in
complicated and 47% in uncomplicated hypertensive pa-
tients). Blood pressure target achievement in complicat-
ed hypertensive patients was not associated with guideline

Table 1: Characteristics of study participants at baseline and follow-up examinations.

Characteristics Missing % Baseline First follow-up Second follow-up

n % n % n %

n 1003 100 753 75.07 481 47.95

Years after baseline (mean, SD) 0 0 1.64 0.87 2.84 0.87

Demographic data

Sex male 0 558 55.63 409 54.32 264 54.89

Age (years) (mean, SD) 0.1 64.47 13.17 67.07 12.82 68.73 12.92

Blood pressure variables

SBP (mm Hg) (mean, SD) 0 145.45 17.38 139.26 15.61 138.93 15.83

DBP (mm Hg) (mean, SD) 0 85.12 11.19 81.85 10.63 80.55 10.97

Blood pressure target achievement 0 344 34.30 346 45.95 221 45.95

Laboratory values

Total cholesterol (mmol/l) (mean, SD) 12.76 5.25 1.12 5.06 1.01 5.28 1.14

Total cholesterol >4.9 mmol/l 12.76 538 61.49 218 52.91 146 61.09

Non-HDL cholesterol (mmol/l) 25.92 3.88 1.09 3.68 0.97 3.8 1.14

LDL (mmol/l) (mean, SD) 37.49 3.12 1.01 2.98 0.96 3.12 1.08

HDL (mmol/l) (mean, SD) 25.62 1.38 0.43 1.37 0.41 1.48 0.49

Triglycerides (mmol/l) (mean, SD) 21.14 1.79 1.06 1.74 1.19 1.68 0.89

Fasting plasma glucose (mmol/l) (mean, SD) 22.83 5.94 1.54 6.29 2.56 6.05 1.42

eGFR (ml/min/1.73 m2) (mean, SD) 60.32 77.88 32.58 77.22 37.77 76.16 38.43

Clinical features

BMI (kg/m2) (mean, SD) 0 28.08 5.03 28.2 5.21 27.62 4.97

Dyslipidaemia 12.26 670 76.14 302 73.12 170 70.54

LVH 21.24 100 12.66 36 15.45 16 13.11

DM 0 267 26.62 212 28.15 140 29.11

Renal dysfunction 57.03 157 36.43 110 45.83 59 37.82

DM and/or renal dysfunction 0 367 36.59 279 37.05 179 37.21

Positive family history 46.66 222 41.5 188 46.19 107 44.96

Years with hypertension diagnosis (mean, SD) 34.7 10.25 8.21 11.23 8.22 12.71 8.46

Established CV disease 0.1 209 20.86 158 20.98 103 21.41

Therapy

No antihypertensive therapy 1.99 52 5.29 29 3.88 27 5.68

Antihypertensive therapy type (no therapy = 1, mono = 2,
duo = 3, triple = 4, quadruple = 5) (median, IQR)

1.99 3 2 3 2 3 2

Lipid lowering therapy 0 299 29.81 245 32.54 156 32.43

Insulin therapy 0 42 4.19 36 4.78 20 4.16

Oral antidiabetic therapy 0 167 16.65 136 18.06 93 19.33

Compliance good 6.92 NA NA 632 84.49 316 75.96

Non-pharmacological therapy

Weight reduction 0 280 27.92 124 16.47 49 10.19

Increased physical activity 0 227 22.63 98 13.01 53 11.02

Smoking cessation 0 59 5.88 26 3.45 10 2.08

Alcohol reduction 0 43 4.29 21 2.79 13 2.70

Lifestyle factors

Smoking 0.1 163 16.27 113 15.03 71 14.79

Alcohol (none = 1, occasionally = 2, frequent = 3, exces-
sive = 4) (median, IQR)

0.1 2 0 2 0 2 0

Physical activity (little = 1, medium = 2, high = 3) (medi-
an, IQR)

39.68 2 1 2 2 2 1

BMI = body mass index; CV = cardiovascular; DBP = diastolic blood pressure; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; HDL = high-density lipoprotein;
IQR = interquartile range; LDL = low-density lipoprotein; LVH = left ventricular hypertrophy; Missing = percent of missing values at baseline; NA = not available; SBP = systolic
blood pressure; SD = standard deviation
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changes, but with established cardiovascular disease. At
follow-up examinations, patients were more likely to have
achieved blood pressure targets than at baseline in both
groups. Namely, they were twice as likely to have achieved
blood pressure goals at the second follow-up visit as at
baseline.

In general, clinical guidelines are intended to support and
assist clinicians to appropriately manage specific condition
such as high blood pressure. The main objective of guide-
lines is to improve the quality of care received by patients
based on the requirements of evidence-based medicine. Al-
though there is evidence that clinical practice guidelines
can improve quality of care [33], the implementation of
specific guidelines into daily practice remains challenging.
Our results show this difficulty; the guideline change in

2009 was associated with systolic blood pressure reduc-
tions and increased use of pharmacological combination
treatment; however changes in diastolic blood pressure and
higher blood pressure achievement could not be detected.
As pointed out by Woolf et al., practice guidelines clear-
ly have the potential to improve health outcomes, but there
are possible limitations or even harm [34]. Further, the fact
that guidelines are largely developed by specialists for one
specific condition and are supposed to be implemented by
generalists /general practitioners is a matter of debate, par-
ticularly in patients with multimorbidity [35]. Fragmenta-
tion of health care, challenges in delivering patient-centred
care and shared decision making are crucial issues, partic-
ularly in the multimorbid population.

Table 2: Differences between the groups with complicated and uncomplicated hypertension at baseline.

Uncomplicated hypertension
(n = 636)

Complicated hypertension
(n = 367)

n % n %

Demographic data

Sex male 286 61.9 165 44.96

Age (years) (mean, SD) 59.33 12.83 69.69 12.34

Blood pressure variables

SBP (mm Hg) (mean, SD) 142.56 17.49 146.95 19.52

DBP (mm Hg) (mean, SD) 88.58 11.24 82.86 11.52

Blood pressure target achievement 298 46.85 46 12.53

Laboratory values

Total cholesterol (mmol/l) (mean, SD) 5.39 1.08 5.06 1.17

Total cholesterol >4.9 mmol/l 264 67.18 176 53.66

Non-HDL cholesterol (mmol/l) 4.06 1.06 3.66 1.09

LDL (mmol/l) (mean, SD) 3.29 0.98 2.91 1.03

HDL (mmol/l) (mean, SD) 1.38 0.41 1.37 0.47

Triglycerides (mmol/l) (mean, SD) 1.79 1.14 1.79 0.96

Fasting plasma glucose (mmol/l) (mean, SD) 5.3 0.66 6.88 1.99

eGFR (ml/min/1.73 m2) (mean, SD) 88.65 26.3 64.6 31.22

Clinical features

BMI (kg/m2) (mean, SD) 27.83 4.65 28.33 5.59

Dyslipidaemia 312 78.79 239 72.64

LVH 30 8.43 51 17.06

DM 0 0 267 72.75

Renal dysfunction 0 0 157 68.86

DM and/or renal dysfunction 109 41.6 71 39.89

Positive family history 8.76 7.1 11.72 8.69

Years with hypertension diagnosis (mean, SD) 61 13.23 113 30.79

Established CV disease

Therapy 37 8.25 8 2.19

No antihypertensive therapy 3 1 3 2

Antihypertensive therapy type (no therapy = 1, mono = 2, duo =
3, triple = 4, quadruple = 5) (median, IQR)

89 19.26 154 41.96

Lipid lowering therapy 0 0 42 11.44

Insulin therapy 0 0 167 45.5

Oral antidiabetic therapy

Compliance good 168 26.42 112 30.52

Non-pharmacological therapy 143 22.48 84 22.89

Weight reduction 42 6.60 17 4.63

Increased physical activity 28 4.40 15 4.09

Smoking cessation

Alcohol reduction 81 17.57 57 15.53

Lifestyle factors 2 0 2 0

Smoking 2 1 2 1

BMI = body mass index; CV = cardiovascular; DBP = diastolic blood pressure; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; HDL = high-density lipoprotein;
IQR = interquartile range; LDL = low-density lipoprotein; LVH = left ventricular hypertrophy; Missing = percent of missing values at baseline; NA = not available; SBP = systolic
blood pressure; SD = standard deviation
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A population with high cardiovascular risk due to diabetes
and/or renal disease needs particular attention and close
clinical follow-up. Indeed, our results showed a trend for

better blood pressure goal achievement after each follow-
up examination. As stated by Kjeldsen et al., more “per-
sonalised medicine” might be the effective way to manage

Table 3: Pooled multivariable mixed-effects regression results of guideline change (2009 and after vs. before 2009) predicting (1) systolic blood pressure, (2) diastolic blood
pressure, (3) the likelihood of blood pressure target achievement and (4) the cumulative probability of pharmacological therapy type using imputed data in complicated hyperten-
sion (n = 367).

Predictor: year of examination (2009
and after vs before 2009)

Univariable model 1* Multivariable model 2†,‡

Outcome: β estimates 95% CI p-value β estimates 95% CI p-value

1. Systolic blood pressure† −6.85 −9.92 −3.77 <0.001 −5.40 −8.08 −2.73 <0.001

2. Diastolic blood pressure† −2.49 −4.35 −0.63 0.009 0.26 −1.25 1.77 0.735

OR 95% CI p-value OR 95% CI p-value

3. Bloodpressure target achievement‡ 1.26 0.43 3.69 0.667 1.28 0.65 2.53 0.481

4. Antihypertensive pharmacological
therapy§

2.22 1.15 4.29 0.017 1.85 0.94 3.63 0.073

BMI = body mass index; CI = confidence interval; OR = adjusted odds ratio * Adjusted for follow-up visit † Model adjusted for either systolic or diastolic blood pressure, sex, age,
follow-up visit, cholesterol, fasting plasma glucose, BMI, left ventricular hypertrophy, diabetes mellitus, years with hypertension diagnosis, established cardiovascular disease,
number of antihypertensive medications, lipid lowering therapy, smoking, alcohol, physical activity, non-pharmacological treatment such as reducing weight, increased activity,
smoking cessation, alcohol reduction. ‡ For blood pressure target achievement the model was adjusted for sex, age, follow-up visit, cholesterol, fasting plasma glucose, BMI, left
ventricular hypertrophy, diabetes mellitus, years with hypertension diagnosis, established cardiovascular disease, number of antihypertensive medications, lipid lowering therapy,
smoking, alcohol, physical activity. § For antihypertensive pharmacological therapy the model was adjusted for sex, age, follow-up visit, systolic and diastolic BP cholesterol,
fasting plasma glucose, BMI, left ventricular hypertrophy, diabetes mellitus, years with hypertension diagnosis, established cardiovascular disease, number of antihypertensive
medication, lipid lowering therapy, smoking, alcohol, physical activity.

Figure 1: Change in mean blood pressure over time in patients with complicated hypertension and patients with uncomplicated hypertension.
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high-risk hypertensive patients until more comprehensive
evidence on blood pressure goals in this specific popula-
tion are available [36]. Reasonable adherence to clinical
practice guideline by GPs as a guide for the management
of hypertensive patients is undoubtedly indispensable. For
the GP in daily clinical practice this uncertainty regarding
blood pressure goals in high-risk patients remains a diffi-
cult issue. Although the prevalence of blood pressure target
achievement in hypertensive patients with diabetes mel-
litus and/or renal disease must have risen in accordance
with new Swiss guidelines with the goal of <140/90 mm
Hg for all patients after 3 months [37], the majority of
these patients may still not achieve blood pressure targets.
Walther’s population-based cohort study on high blood
pressure emphasised the problem of medical inertia and the
need of continual GP education [4]. It showed in particu-
lar that a full quarter of surveyed patients were treated with
beta-blocker monotherapy although this was no longer an
acceptable indication for first line beta-blockade [38].

Similar to previous studies, in this study only half of un-
complicated hypertensive primary care patients reached
goals for blood pressure and even fewer high-risk hyper-
tensive patients reached the more stringent goals prevailing
during the study [14, 39–41]. A similar Swiss cross-sec-
tional visit-based survey of ambulatory hypertensive pa-
tients also found that blood pressure control (<140/90 mm

Hg) was significantly better in patients with uncomplicated
hypertension (59%) compared with 19% in complicated
hypertension (<130/80 mm Hg) [14]. Another Swiss study
reported that in people with doctor-diagnosed hyperten-
sion, 82% received drug treatment but only 41% had blood
pressure control (<140/90 mm Hg) [4]. A cross-sectional
study examined the treatment and goals attainments related
to cardiovascular risk factors within chronic kidney disease
stages in type 2 diabetic patients followed up by primary
care physicians in Switzerland [15]. This found that 18%
reached the Swiss or American Diabetes Association 2013
blood pressure goals (<140/80 mm Hg). The results of
a German study assessing the prevalence and control of
hypertension indicated that 43% of primary care patients
did not have blood pressure control despite treatment [40].
Another German population-based cohort study evaluating
hypertensive patients over 5 years found that 42% of pa-
tients with uncomplicated hypertension reached blood
pressure targets (<140/90 mm Hg) and 22% of patients
with any risk comorbidity reached the target blood pres-
sure of <130/80 mm Hg [42]. In a survey on GPs’ decision
to treat hypertension in oldest-old across 29 countries,
GPs’ choice to treat/not treat was explained by differences
in country-specific health characteristics [43]. The authors
reported that GPs in countries with a high cardiovascular
disease burden were three times more likely to treat their

Table 4: Pooled multivariable logistic mixed-effect regression results describing the association between blood pressure goal attainment and demographic/health-related vari-
ables in (1) patients with complicated hypertension (n = 367) and (2) patients with uncomplicated hypertension (n = 636).

OR 95% CI p-value

Predictors for patients with complicated hypertension (n = 367)

Follow-up visit 1.35 0.98 1.86 0.068

Year of examination (2009 and after vs before 2009) 1.28 0.65 2.53 0.481

Sex (male vs female) 1.16 0.54 2.51 0.702

Age (per 10 years) 1.35 0.96 1.88 0.082

Cholesterol 0.79 0.55 1.15 0.206

Fasting plasma glucose (mmol/l) 0.96 0.82 1.12 0.577

BMI (per 5 kg/m2) 0.98 0.72 1.34 0.890

LVH 0.81 0.34 1.94 0.631

DM 0.69 0.30 1.58 0.381

Years with hypertension diagnosis (per 10 years) 1.01 0.58 1.78 0.961

Established CV disease 2.24 1.16 4.35 0.017

Number of antihypertensive medication 0.89 0.65 1.22 0.472

Lipid lowering therapy 0.90 0.47 1.72 0.756

Smoking 0.76 0.32 1.85 0.550

Alcohol 1.32 0.82 2.14 0.252

Physical activity 0.88 0.58 1.35 0.564

Predictors for patients with uncomplicated hypertension (n = 636)

Follow-up visit 1.44 1.21 1.72 <0.001

Year of examination (2009 and after vs before 2009) 1.21 0.89 1.64 0.224

Sex (male vs female) 0.89 0.64 1.24 0.495

Age (per 10 years) 1.32 1.15 1.52 <0.001

Cholesterol 0.87 0.71 1.08 0.188

Fasting plasma glucose (mmol/l) 1.03 0.82 1.29 0.815

BMI (per 5 kg/m2) 1.03 0.87 1.21 0.733

LVH 0.58 0.36 0.93 0.025

Years with hypertension diagnosis (per 10 years) 0.79 0.63 0.99 0.044

Established CV disease 1.31 0.81 2.12 0.266

Number of antihypertensive medication 1.19 1.02 1.40 0.032

Lipid lowering therapy 1.29 0.87 1.92 0.198

Smoking 0.97 0.63 1.49 0.895

Alcohol 1.18 0.92 1.52 0.197

Physical activity 1.09 0.88 1.34 0.431

BMI = body mass index; CI = confidence interval; OR = Adjusted odds ratio;
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patients, but this was not the case in countries with high
life expectancy. Switzerland has a comparatively low car-
diovascular disease burden combined with a relatively high
life expectancy at age 60 compared with other countries,
which might also contribute to lower prevalence of blood
pressure goal attainment.

Among high-risk patients, better blood pressure control
was found in our study in those with established coronary
heart disease. This finding is in agreement with other stud-
ies [44, 45] and may reflect increased attention of both
physician and patient with regard to risk factor manage-
ment in secondary prevention [46]. Compared with pa-
tients with controlled uncomplicated hypertensive, high-
risk patients not at goal more frequently had LVH and were
diagnosed with hypertension for a longer time. The lat-
ter may reflect the effect of vessel stiffening resulting in
difficulties achieving blood pressure targets [47]. Previous
studies have shown that LVH increases with age [48]. Fur-
ther, data from a longitudinal cohort study of very elderly
hypertensive women indicated a high prevalence of LVH,
which appeared to be related to levels of systolic blood
pressure [49]. Thus, increases in arterial stiffness might be
reflected by increased pulse pressure and favour the de-
velopment of LVH [50, 51]. A study from France showed
that patients with not‐at‐goal hypertension in primary care
had a heavy burden of cardiovascular diseases [52], with
15% current smokers, 26% obese, 23% with diabetes mel-
litus, 35% with dyslipidaemia, 12% with left ventricular
hypertrophy and 5% with renal insufficiency. Similarly, a
cardiovascular risk stratification across the whole sample
of our study population [53] has shown that 79% of pa-
tients presented with either more than three additional car-
diovascular risk factors, diabetes mellitus or subclinical or-
gan damage, whereas 44% of patients had a high or very
high overall cardiovascular risk. On the one hand, such pa-
tients at high cardiovascular risk need adequate treatment
of arterial hypertension. On the other hand, patients with
not‐at‐goal hypertension may benefit from effective coun-
termeasures to those concomitant cardiovascular risk fac-
tors to reach blood pressure targets [52].

Some thoughts on strengths and limitations of the present
study must be considered. The present study reflects “real-
life” data from primary care practices assessing a reason-
able number of GPs and patients with arterial hyperten-
sion in busy clinical practice. It was a specific goal of the
Swiss Hypertension Cohort Study to investigate a “real-
life” situation in a typical primary care setting. Some lim-
itations of this study should be considered. First, missing
data led to the rejection of some important variables for
the assessment of cardiovascular risk factors, such as mi-
croalbuminuria. A recent study by Abdel-Kader et al. re-
vealed that one in four primary care physicians are reluc-
tant to quantify urine albumin in non-diabetic hypertensive
patients with eGFR <60ml/min due to lacking impact on
further management [58]. Second, 95% of the patients in-
cluded in the current cohort were pharmacologically treat-
ed for arterial hypertension. Therefore, cardiovascular risk
factors were likely to be underestimated compared with an
untreated population. Third, there could be a possible se-
lection bias of patients since the hypertensive patients in-
cluded were not selected in a consecutive way but at the
discretion of the GPs. However, patient characteristics at

baseline were comparable with a Swiss study consecutive-
ly including hypertensive patients attending the practices
of GPs for blood pressure follow-up [14]. Therefore, we
feel that our population is likely to be comparable to pre-
viously studied cohorts. Fourth, the Swiss Society of Hy-
pertension guidelines did not specify adaptations of blood
pressure target levels for elderly patients as did the ESH
guidelines for patients ≥80 years of age with a blood pres-
sure target <150/90 mm Hg [18]. To our knowledge and
according to the literature there are very sparse recom-
mendations on blood pressure target levels in elderly pa-
tients with diabetes [59]. Thus, blood pressure targets for
this specific subpopulation should be addressed in future
Swiss guidelines more explicitly. Moreover, the Swiss So-
ciety of Hypertension guidelines did not specify the treat-
ment goal for patients who present with combined condi-
tions, namely isolated systolic hypertension and diabetes
mellitus and/or renal dysfunction. Thus, we applied a tar-
get blood pressure of <150/90 mm Hg for patients with iso-
lated systolic hypertension without diabetes mellitus and/
or renal dysfunction for the current study. Fifth, several
parameters were not standardised (e.g., blood pressure de-
vices were different depending of the GP practice; physi-
cal activity was classified at the discretion of the GPs; the
presence/absence of established diseases was also at the
discretion of the GP). As described above this was a real-
world observational study from primary care and therefore
it is difficult to standardise parameters as in a randomised
clinical trial. Randomised clinical trial have restrictive in-
clusion and exclusion criteria; thus, they are not fully rep-
resentative of an unselected real-world population. Limi-
tations of real-world observational studies, however, can
include low internal validity, lack of quality control regard-
ing data collection and vulnerability to several sources of
bias for comparing outcomes [60].

In conclusion, the revision of Swiss clinical practice guide-
lines on hypertension in 2009 with the goal of <130/80 mm
Hg in hypertensive patients with diabetes mellitus or re-
nal dysfunction was associated with a significant reduction
of systolic blood pressure and a trend towards increased
use of pharmacological combination therapy. These results
indicate the efforts of primary care physicians to imple-
ment 2009 guidelines in their practices. However, the rate
of blood pressure target achievement remained at the same
(low) level after 2009. This was mainly owing to high sys-
tolic blood pressure at baseline (146 mm Hg) and a rel-
atively small reduction of 6 mm Hg, which was not suf-
ficient to achieve blood pressure targets of <130 mm Hg.
The newest 2018 SSH blood pressure targets of <140/90
within 3 months might be more realistic to achieve in pa-
tients with complicated hypertension. It seems important
to note that all hypertensive patients were more likely to
achieve blood pressure goals at later follow up visits com-
pared to baseline indicating the need of regular follow-up
visits to meet blood pressure goals.
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Appendix 1 Supplementary tables

The appendix is available as a separate file at
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