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ABSTRACT
Objective: To compare the assessments of 10-year probability by patients and their physicians
of cardiovascular complications of hypertension with actual outcomes.
Design: Patients with uncomplicated hypertension treated with at least one antihypertensive
drug at inclusion were followed for 10 years through mandatory national health registers.
Setting: 55 primary health care centres, 11 hospital outpatient clinics in Sweden
Patients: 848 patient, 212 physicians.
Main outcome measures: Patients and physicians estimated the probability of hypertension-
related complications with treatment (death, heart failure, acute myocardial infarction/AMI, and
stroke) for each patient in 848 pairs. Estimates were compared with the clinical outcomes
10 years later using data from the Mortality Register and the National Patient Register.
Results: Patients were significantly better (p< 0.001) than their physicians in estimating the
average probability of heart failure compared with actual outcome data (14% vs. 24%, outcome
15%), AMI (16% vs. 26%, outcome 8%), and stroke (15% vs. 25%, outcome 11%). Patients were
significantly worse (p< 0.001) at estimating the average probability of death (10% vs. 18%,
actual outcome 20%). Neither the patients nor the physicians were able to distinguish reliably
between low-risk and high-risk patients after adjustment for age and sex.
Conclusions: Patients were better than their physicians in estimating the average probability of
morbidity due to hypertension. Both the patients and their attending physicians had difficulty in
estimating the individual patient’s risk of complications. The results support the use of evi-
dence-based tools in consultations for assessing the risk of cardiovascular complications associ-
ated with hypertension.

KEY POINTS

� Shared decision making relies on a common understanding of risks and benefits. Tools for risk
assessment of hypertension have been introduced in the last two decades.

� Without tools for risk assessment, both patients and physicians had difficulties in estimating
the individual patient’s risk of cardiovascular morbidity.

� Patients were better than physicians in estimating actual average cardiovascular morbidity due
to hypertension during a follow-up of 10 years.

� The results support the use of evidence-based tools in consultations for assessing the risk of
cardiovascular complications associated with hypertension.
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Introduction

High blood pressure is a leading risk factor for cardio-

vascular disease (CVD) worldwide with an increased

prevalence in low-income countries in South Asia and

sub-Saharan Africa [1]. Decision-making by general
practitioners in countries with high CVD burden and
low life expectancy at age 60 were most likely to treat
hypertension in oldest-old based on case-vignettes [2].
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Poor adherence to antihypertensive treatment is a sig-
nificant healthcare challenge [3,4] since low adherence
increases the risk of cardiovascular complications [5,6].

Lack of understanding of the relationships between
blood pressure, symptoms, and lifestyle may contrib-
ute to poor outcomes of antihypertensive treatment
[7]. In a recent large study of patients with hyperten-
sion treated in primary health care in Sweden, about
half did not achieve recommended treatment goals
(48% of 88,945 reached BP < 140/90) [8].

Shared decision-making during the consultation is
considered important as a means of achieving
improved adherence to treatment [9,10]. An essential
goal of a consultation is thus to be able to use the
best possible risk assessment of the medical condition
and to achieve a balance between benefits and risks
of different treatment alternatives. Self-reporting by
the patient combined with increased patient–health
care professional interaction during follow-up consul-
tations can support patients in understanding the
blood pressure value in relation to their daily life [11].

Assessing the individual benefit-risk profile of treat-
ment is essential not only when prescribing treatment,
but also to ensure that the patient understands the
goal of the treatment. This assessment is more
straightforward when treating a manifest disease with
readily identifiable symptoms that can be influenced
by the treatment than when providing treatment to
prevent future events such as complications of hyper-
tension. To support shared decision-making in such a
situation, the physician needs not only to know the
benefits and risks of the alternatives but also needs to
develop the ability to discuss this with the patient
effectively [12].

One goal of personalised cardiovascular risk assess-
ment is to shift focus from the blood pressure level to
the absolute risk level/reduction, thus avoiding under-
treatment of elderly and patients with other risk fac-
tors [13–15]. Setting a mutual goal for an optimal
blood pressure level to reach the desired reduction in
cardiovascular risk is a common goal of clinical consul-
tations [5]. However, a recent review found that the
majority of participating patients overestimated the
benefit of an intervention, and underestimated the
possible harm [16].

Decision support systems using personalised cardio-
vascular risk assessment have been validated against
actual outcomes [17,18] and might improve with new
machine-learning systems [19]. Reviews have reported
effects of clinical decision-support systems on the per-
formance of physicians [20,21], but the evidence on
improved clinical outcomes remains sparse [21].

Different guidelines and scoring systems might differ
in the assessment of absolute risk [22]. The prognostic
models in such decision-support systems ought to be
validated for the patient populations where the deci-
sion-support systems are to be implemented [23].

This study is a follow-up of an earlier study [24,25]
where concordance between patients’ and physicians’
estimates of the risks of hypertension and benefits of
treatment during a regular follow-up appointment was
studied. The main finding was a high degree of incon-
sistency, patients assessing risks of untreated hyper-
tension to be higher than their physicians did. The
patients also estimated the reduction of risk or bene-
fits of treatment more positively than did their physi-
cians. The objective of this study was to compare the
individual 10-year risk assessments of hypertension
when treated, both for mortality and morbidity (acute
myocardial infarction, stroke, and heart failure), by
patients and attending physicians with the actual out-
comes 10 years after the consultation studied.

Material and methods

The study is a long-term follow-up of an earlier
reported study [24,25] through longitudinal data from
mandatory national health data registers. The Swedish
national health registers have high coverage, and low
loss of data, due to the mandatory use of a unique
personal identity number (PIN) recorded every time a
person meets a Swedish healthcare professional [26].
The Swedish National Patient Register (NPR) is a man-
datory register with more than 99% of all somatic and
psychiatric hospital discharges registered with disease
classification according to the Swedish version of
International Classification of Disease (ICD) system
since 1987. The sensitivity of diagnoses for hospital
discharges in NPR varies between conditions and over
time with high sensitivity for stroke (> 90%) and myo-
cardial infarction (77–92%), but considerably lower for
angina pectoris (44%) [26]. The diagnosis of stroke,
acute myocardial infarction and heart failure is almost
always associated with a hospitalisation period, while
minor kidney failure might be diagnosed, and the
patient treated in outpatient care. Thus, before data
analysis, the decision was made not to include kidney
failure as an outcome

Data from the Causes of Death Register (all causes
of mortality), the National Patient Register (in- and
outpatient diagnoses for ICD10 I00–I99þN00–N19, for
ICD9 390–459þ 580–589), and the Swedish Population
Register at Statistics Sweden for 2006 were extracted
and linked to the original research database. The
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resulting file was pseudonymized by the National
Board of Health and Welfare.

In the original study [25], patients with a regular
follow-up appointment for hypertension who were
being treated with at least one antihypertensive drug,
and with hypertension as the primary diagnosis were
included. The 10-year probabilities of different compli-
cations of hypertension were estimated separately by
both the patient and his or her attending physician
through a visual analogue scale (with anchor points
no risk to be affected ¼ 0 and will be affected ¼
100%, see supplemental material).

The study was performed with care as usual. The
patients were recruited from 55 primary healthcare
centres and 11 hospital clinics of internal medicine
during 1996. At each centre, a nurse listed 10–25 con-
secutive patients for inclusion in the study, and these
were then asked to answer a questionnaire together
with a nurse before seeing their physician at a regu-
larly scheduled appointment. The questionnaire
included visual analogue scales to assess the probabil-
ity of different outcomes with and without medication
(Supplementary Figure S3).

There were no changes in recruitment, workflow or
questionnaire between the pilot and the consecutive
full study. For this follow-up study, both the 1013
patients from the original study and the 92 patients in
the pilot study were included. The total number of
participants was thus 1105 patients.

In all, 138 patients had to be excluded at the 10-
year follow-up due to incomplete or illegible PIN, leav-
ing 967 patients accessible for follow-up. The final

analysis is based on the 848 patients for whom both
the patient and the attending 212 physician had esti-
mated the probability of death within 10 years (on
average four patients per physician) (Table 1).

The patients were stratified in deciles depending
on the risk assessment for the four outcomes studied.
The stratification was done separately for the assess-
ments by the patients and their physicians. A patient
could thus be in separate deciles for the assessments
by patients and physicians, respectively. Assessments
with the same numerical value were placed in the
lower corresponding decile by STATA version 14.1,
StataCorp. The average outcomes for patients in each
decile (as assessed by patients or physicians) were
identified. Z-test was used to compare proportions.
Linear regression analysis was used to estimate the
association between patient and physician regarding
the overall 10-year mortality. In addition, we used
logistic regression to compare the actual outcome
depending on the estimated 10-year probability in
deciles. A p-value of 0.05 was considered significant.
Stata MP version 14.1, StataCorp LLC, College Station,
TX, USA was used for all statistical analysis.

Results

The patients were significantly better (z-test compar-
ing proportions, p< 0.001) than their attending physi-
cians at estimating the average probability of heart
failure (patients 14% vs. physicians 24%, actual out-
come 15%), acute myocardial infarction (16% vs. 26%,

Table 1. Background data at inclusion for participating patients (n¼ 848) per healthcare setting.
Primary healthcare centres Secondary or tertiary healthcare

(n¼ 674) (n¼ 174)

Age 1996, years, mean (range) 63 (28–87) 56 (19–83)
Male, n (%) 268 (40%) 110 (63%)
Female, n (%) 406 (60%) 64 (37%)
Education
Up to secondary education 478 (72%) 86 (50%)
High school 116 (18%) 41 (24%)
University 67 (10%) 46 (26%)

BMI kg/m2, mean (range) 27.8 (18.4–51.6) 27.7 (19.8–49.4)
SBP mmHg, mean (range) 156 (110–235) 150 (104–210)
DBP mmHg, mean (range) 87 (50–123) 90 (66–140)
Complications from hypertension 90 (13%) 59 (34%)
Duration of hypertension in years, mean (range) 12 (0–61) 12 (0–46)
Hypercholesterolemia 158 (24%) 45 (26%)
Not known 176 (27%) 35 (20%)

Smoking 101 (15%) 17 (10%)
Lack of data 32 (5%) 15 (9%)

Diabetes 57 (8%) 13 (8%)
Lack of data 12 (2%) 2 (1%)

Left ventricular hypertrophy 63 (9%) 29 (17%)
Lack of data 141 (21%) 10 (6%)

Family history of cardiovascular disease 471 (70%) 132 (76%)

Data documented by attending nurse, except for left ventricular hypertrophy reported by physician.
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actual outcome 8%), and stroke (15% vs. 25%, actual
outcome 11%) (Figure 1, filled lines; Table 2).

In contrast, the patients were worse (p< 0.001) at
estimating the average probability of death due to all
causes (patients 10% vs. physicians 18%, actual out-
come 20%). In general, patients treated at secondary
or tertiary health units tended to be younger, male,
more educated and with more complications at the
initiation of the study (Table 1). The results were simi-
lar for primary healthcare (n¼ 674) and hospital-based
outpatient clinics (n¼ 174), respectively (Table 2).

There was no correlation between the estimates by
individual patients and the estimates by their attend-
ing physicians, either for the 10-year-probability of
death, Figure 2, or for heart failure, acute myocardial
infarction, or stroke (Supplementary Figure S1(a–c)).

The average of probabilities per decile estimated by
patients and physicians respectively are presented in
Tables 3 and 4 and Supplementary Figure S2.

Logistic regression of odds ratio (OR) for actual out-
come depending on estimated 10-year probability in
deciles is presented in Table 4. Neither the patients
nor the physicians could distinguish patients at high
risk from those at low risk of dying after adjusting the
odds ratios for age and sex. Patients were not able to
distinguish between risk levels adjusted for age and
sex for the three conditions, except for the decile with
the highest risk of acute myocardial infarction.
Physicians managed to identify patients belonging to
the two deciles with the highest risk, adjusted for age
and sex of developing heart failure, and to the decile
with the highest risk of stroke but failed to identify
those with a high risk of acute myocardial infarction.

Discussion

Principal findings

Patients treated with antihypertensive drugs estimated
on average the 10-year unadjusted probability for
three different complications (heart failure, acute myo-
cardial infarction, and stroke) better than their attend-
ing physicians did when compared with actual
outcomes (Figure 1). A recall bias among physicians
could be a partial explanation for this counter-intuitive
outcome [27]. Patients with complication will probably
be overrepresented overtime at the healthcare centres,
thus skewing the apparent probability for complica-
tions due to hypertension. On the other hand, physi-
cians were better at estimating the average 10-year
survival. A possible explanation for this is that physi-
cians have extensive medical experience of general
survival patterns in different age groups while patients
might be reluctant to predict their death within the
next 10 years.

Neither patients nor their attending physicians
were able to perform a correct individualised assess-
ment of the long-term risk of morbidity in the majority
of the patients (Tables 3 and 4). After adjustment for
age and sex, the physicians, but not patients, man-
aged to partly distinguish individual patients with a
high risk of heart failure or stroke from those with low
risk. Patients managed to partly distinguish a high risk
of acute myocardial infarction from with low risk. The
logistic regression contains multiple instances of
hypothesis-testing; thus, these findings have to be
interpreted with caution. If true, a possible partial
explanation might be actual knowledge among

Table 2. Assessment of 10-year probability, versus actual outcome, of mortality and hypertension-related morbidity for 848
patient–physician pairs (z-test comparing proportions).

All patients (n¼ 848) Primary healthcare centres (n¼ 674) Secondary/tertiary healthcare (n¼ 174)

Physician Patient Physician Patient Physician Patient

Heart failure (n¼ 117)
Estimated without treatment 0.54 (0.51–0.57) 0.67 (0.63–0.70) 0.54 (0.51–0.57) 0.64 (0.60–0.69) 0.58 (0.50–0.66) 0.71 (0.66–0.77)
Estimated with treatment 0.24 (0.23–0.26) 0.14 (0.12–0.15) 0.24 (0.22–0.26) 0.13 (0.11–0.14) 0.25 (0.22–0.31) 0.14 (0.13–0.19)
Outcome 0.15 0.13 0.23
Outcome vs. estimated with treatment p< 0.001 p¼ 0.38 p< 0.001 p¼ 1.000 p¼ 0.32 p¼ 0.02
Acute myocardial infarction (n¼ 66)
Estimated without treatment 0.54 (0.51–0.57) 0.75 (0.73–0.78) 0.55 (0.51–0.58) 0.72 (0.69–0.76) 0.51 (0.44–0.59) 0.78 (0.72–0.81)
Estimated with treatment 0.26 (0.25–0.29) 0.16 (0.14–0.18) 0.27 (0.25–0.29) 0.15 (0.13–0.17) 0.25 (0.19–0.31) 0.17 (0.15–0.23)

Outcome 0.08 0.08 0.10
Outcome vs. estimated with treatment p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001
Stroke (n¼ 90)
Estimated without treatment 0.57 (0.54–0.59) 0.74 (0.71–0.76) 0.57 (0.53–0.59) 0.74 (0.71–0.76) 0.58 (0.54–0.64) 0.8 (0.77–0.82)
Estimated with treatment 0.25 (0.24–0.27) 0.15 (0.14–0.17) 0.25 (0.24–0.27) 0.15 (0.13–0.17) 0.27 (0.20–0.30) 0.16 (0.13–0.21)

Outcome 0.11 0.10 0.14
Outcome vs. estimated with treatment p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p¼ 0.32
Death due to all cases (n¼ 162)
Estimated without treatment 0.45 (0.39–0.47) 0.70 (0.65–0.74) 0.45 (0.39–0.49) 0.67 (0.62–0.71) 0.43 (0.33–0.49) 0.78 (0.72–0.83)
Estimated with treatment 0.18 (0.16–0.20) 0.10 (0.09–0.11) 0.19 (0.16–0.21) 0.10 (0.09–0.11) 0.15 (0.12–0.21) 0.11 (0.08–0.17)

Outcome 0.19 0.20 0.19
Outcome vs. estimated with treatment p¼ 0.12 p< 0.001 p¼ 0.49 p< 0.001 p¼ 0.29 p¼ 0.005
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physicians about risk factors for heart failure in the
individual case, or even a clinical suspicion of early
heart failure based on reported symptoms. Also, pre-
dicted high risk for complications would constitute an
incitement for more aggressive intervention in order
to lower the risk. Thus, an early assessment of high
individual risk could lead to improved treatment of
multiple risk factors leading to a reduced level of
actual complications.

The risk assessments by both patients and physi-
cians consist of two components – assessment of the
risk associated with untreated hypertension and the
assessment of the benefits of treatment. The fact that
patients, on average, assessed the actual outcome
after 10 years better than the physicians might be a

result of different mechanisms. It could be a better
assessment by patients of one or both factors. It could
also be a result of, for instance, the patients overesti-
mating the risk associated with the treatment, but
also overestimating the benefits of treatment even
more [16,28].

Strength and weaknesses

A strength of the study is the inclusion of patients
from both general practice and hospital-based out-
patient clinics. Another strength is that the analysis
was predefined at the time of the original study. Also,
data on outcomes of morbidity and mortality were

Table 3. Outcome per decile of 10-year probability of hypertension-related morbidity and total mortality as assessed by patients
and physicians.

Deciles according to assessment by the patients Deciles according to assessment by the physicians

Decile

Upper limit in
assessed
probability

Assessed
probability –
average
per decile

Actual average
outcome
per decile

Upper limit in
assessed
probability

Assessed
probability –
average
per decile

Actual average
outcome
per decile

Heart 1 2% 1.1% 12.3% 6% 3.7% 6.7%
failure 2 4% 3.6% 14.3% 10% 8.5% 8.8%

3 7% 5.9% 16.8% 15% 13.2% 10.0%
4 9% 8.4% 10.9% 19% 17.4% 7.4%
5 14% 12.0% 10.7% 24% 22.1% 7.2%
6 18% 16.4% 13.4% 31% 28.2% 15.5%
7 26% 22.3% 13.6% 40% 35.3% 16.7%
8 37% 32.0% 13.5% 51% 46.6% 19.1%
9 49% 44.1% 13.8% 64% 57.8% 23.2%
10 98% 66.2% 20.0% 100% 76.2% 26.0%

AMI 1 2% 1.1% 4.0% 7% 3.5% 3.1%
2 5% 4.1% 10.2% 11% 9.3% 3.9%
3 7% 6.5% 5.4% 17% 14.6% 4.4%
4 11% 9.4% 9.0% 22% 19.9% 4.1%
5 16% 13.9% 10.3% 27% 24.8% 8.5%
6 21% 18.7% 7.4% 32% 29.7% 7.7%
7 30% 26.1% 10.8% 41% 37.0% 8.5%
8 44% 37.1% 3.5% 51% 47.0% 7.7%
9 53% 48.6% 2.4% 63% 56.7% 7.6%
10 98% 71.4% 15.2% 96% 76.1% 11.5%

Stroke 1 2% 1.1% 7.5% 5% 2.9% 5.5%
2 4% 3.4% 11.0% 11% 8.6% 5.9%
3 7% 6.1% 11.4% 15% 13.6% 4.2%
4 10% 9.0% 8.8% 19% 17.4% 7.7%
5 15% 12.9% 8.0% 25% 22.8% 10.2%
6 21% 18.3% 10.2% 30% 27.9% 7.9%
7 30% 26.3% 15.5% 38% 34.2% 9.0%
8 42% 36.1% 12.4% 50% 45.3% 17.2%
9 54% 48.3% 11.9% 64% 56.9% 16.7%
10 98% 73.1% 7.8% 100% 75.8% 23.7%

Death 1 1% 0.5% 9.8% 3% 1.9% 10.7%
2 3% 2.4% 16.5% 6% 5.1% 6.4%
3 5% 4.4% 18.8% 9% 7.9% 12.5%
4 7% 6.5% 21.5% 13% 11.2% 12.7%
5 10% 8.9% 15.7% 18% 15.8% 12.4%
6 16% 13.4% 13.5% 25% 21.8% 14.6%
7 25% 20.7% 17.3% 33% 29.3% 23.5%
8 39% 31.7% 25.6% 47% 39.5% 29.4%
9 53% 47.0% 28.6% 62% 53.1% 28.4%
10 100% 74.8% 25.9% 100% 77.9% 44.9%

n¼ 848 patient–physician pairs. See also Supplementary Figure S2.
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collected from national health registers with high
coverage and high data quality.

In this study, the estimated individual probability of
a hypertension-related complication, given that the
patient is treated, is compared with the actual out-
come for each patient. Patients with primary hyperten-
sion with treatment with at least one drug were
included, but we do not know from the data set
whether or not the patient continued with the
pharmacological treatment during the studied period.
However, the comprehensive national healthcare sys-
tem in Sweden with a low annual maximum individual
cost for drugs and consultations has low barriers for
healthcare consultations, and thus a low level of loss
to follow-up of patients.

The use of a visual analogue scale, VAS, with no
intermediate anchoring points for estimating the prob-
ability, is another weakness since different groups
(patients versus physicians, younger versus older)
might interpret the VAS differently. In order to com-
pare the groups, the analyses of the individual pairs of
patients and physicians were performed on ranking
within each group into deciles, instead of the absolute
value of probability. Psychological fallacies might also
have influenced the results, such as an otherwise

healthy individual finding it hard to imagine or
express his/her death or a severe complication, as a
possible outcome within 10 years.

Different patients and patients from different cul-
tures may be used to different ways of presenting
absolute and relative values. Percentages and visual
analogue scales are different (numerical and graphical)
ways of presenting fractions. Absolute values
expressed as percentages are the preferred presenta-
tion in risk prediction tools such as the risk chart of
the European Society of Hypertension [29], Score/
HeartScore [30] or QRISK3 [31]. Other formats such as
odds might be an alternative in a given situation to
communicate a probability for a given outcome. The
relevant measure for most of the patients is however
probably not the average expected risk of a given out-
come, with or without treatment, but rather the
reduced probability of a negative outcome with treat-
ment [12]. Risk reduction can be expressed either as a
relative change calculated as a fraction or percentage,
or an absolute reduction in probability measured in
percentage points. Both perspectives can also be com-
bined into the number of patients needed to be
treated over a specified period to avoid one negative
outcome (number needed to treat) or to experience a

Table 4. Logistic regression of odds ratio (OR) for actual outcome depending on estimated 10-year probability in deciles
(increasing estimated probability), by patients and physicians, for death or hypertension-related morbidity in 848 patient–physi-
cian pairs.
Deciles according to assessment by the patients

Adjusted for age
and sex

Heart failure (n¼ 832) AMI (n¼ 840) Stroke (n¼ 838) Death (n¼ 848)

Decile OR p Value 95% CI OR p Value 95% CI OR p Value 95% CI OR p Value 95% CI

1 1.00 1.00 1.00 1.00
2 1.06 0.90 0.44 – 2.58 2.65 0.12 0.79 – 8.89 1.35 0.58 0.47 – 3.88 1.22 0.66 0.50 – 3.02
3 1.28 0.54 0.59 – 2.78 1.10 0.90 0.23 – 5.22 1.54 0.40 0.57 – 4.15 1.53 0.36 0.61 – 3.85
4 0.73 0.55 0.26 – 2.04 2.31 0.19 0.66 – 8.06 0.96 0.95 0.30 – 3.06 1.41 0.48 0.54 – 3.66
5 0.78 0.56 0.33 – 1.82 2.48 0.15 0.72 – 8.49 1.13 0.84 0.36 – 3.57 0.83 0.71 0.32 – 2.16
6 0.98 0.97 0.40 – 2.45 1.70 0.43 0.46 – 6.36 1.27 0.65 0.44 – 3.64 0.94 0.90 0.35 – 2.54
7 1.05 0.90 0.45 – 2.44 2.51 0.14 0.73 – 8.61 2.00 0.17 0.75 – 5.39 1.06 0.90 0.42 – 2.71
8 1.09 0.85 0.45 – 2.63 0.84 0.82 0.18 – 3.90 1.39 0.53 0.49 – 3.92 2.25 0.07 0.93 – 5.46
9 0.97 0.95 0.41 – 2.30 0.47 0.39 0.08 – 2.65 1.40 0.53 0.50 – 3.91 1.75 0.21 0.73 – 4.20
10 1.61 0.24 0.73 – 3.58 3.38 0.05 � 1.02 – 11.21 0.86 0.80 0.27 – 2.72 1.49 0.38 0.61 – 3.61

Deciles according to assessment by the physicians

Adjusted for age
and sex

Heart failure (n¼ 843) AMI (n¼ 842) Stroke (n¼ 842) Death (n¼ 848)

Decile OR p Value 95% CI OR p Value 95% CI OR p Value 95% CI OR p Value 95% CI

1 1.00 1.00 1.00 1.00
2 1.23 0.71 0.41 – 3.69 0.94 0.95 0.18 – 4.91 0.91 0.88 0.26 – 3.12 0.43 0.12 0.15 – 1.24
3 1.29 0.63 0.46 – 3.66 0.89 0.89 0.19 – 4.24 0.51 0.37 0.11 – 2.24 0.83 0.70 0.31 – 2.20
4 0.91 0.88 0.27 – 3.04 0.79 0.79 0.15 – 4.17 1.00 1.00 0.29 – 3.49 0.80 0.65 0.30 – 2.10
5 0.82 0.73 0.26 – 2.58 1.73 0.44 0.43 – 7.02 1.21 0.74 0.38 – 3.89 0.49 0.15 0.19 – 1.28
6 1.88 0.20 0.72 – 4.94 1.51 0.58 0.35 – 6.48 0.96 0.95 0.29 – 3.23 0.67 0.38 0.27 – 1.64
7 2.24 0.12 0.82 – 6.08 1.37 0.67 0.32 – 5.94 1.07 0.92 0.32 – 3.61 1.06 0.89 0.46 – 2.45
8 2.33 0.09 0.89 – 6.14 2.04 0.32 0.51 – 8.16 1.98 0.22 0.66 – 5.97 1.21 0.66 0.52 – 2.78
9 2.91 0.03 � 1.12 – 7.56 2.47 0.19 0.63 – 9.62 1.80 0.30 0.59 – 5.52 1.11 0.81 0.48 – 2.58
10 3.35 0.01 � 1.30 – 8.69 2.63 0.17 0.67 – 10.33 3.07 0.04 � 1.04 – 9.08 1.88 0.14 0.82 – 4.33

See also Supplementary Figure S2.
AMI: acute myocardial infarction; CI: confidence interval.�p< 0.05.
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Figure 1. Estimated probability for different cardiovascular complications and death within 10 year by physicians (grey) and
patients (white) compared with actual outcomes (black). Dotted line statistical analysis presented in the initial publication [18].
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Figure 2. Estimated mortality within 10 years among 848 patient–physician pairs.
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specified adverse drug reaction (number needed to
harm). Visual aids can help overcome the difficulties in
presenting the possible effects of different treatment
alternatives [32].

A discussion of the risks associated with a disease
and the treatment is a normal part of a consultation,
especially when initiating treatment. The inclusion cri-
teria for the study included a diagnosis of primary
hypertension already treated with at least one drug. If
the patient introduced the subject, then patients and
physicians could discuss the risk assessments during
the consultations based on the patient’s experience
with the questionnaire. This could have influenced the
risk assessments made by the physicians since these
were recorded after the consultation. However, the
risk assessments differed sharply in the patient-phys-
ician pairs as demonstrated by the scatterplots in
Figure 2 and the supplemental material and this
would indicate that in most interactions no such dis-
cussion took place, or at least was not successful in
influencing the physician.

Relation to other studies

The analysis in this study is valid only for Sweden and
for the period during which the study was carried out
(1995–2006) before physicians had access to digital
risk prediction tools. The use of a risk prediction algo-
rithm would not only provide the patient and phys-
ician with an estimation of the probabilities of
different outcomes but would also over time increase
the ability of physicians to assess the risk for an indi-
vidual patient. Risk assessment tools are also more or
less adapted to specific patient populations and show
slightly different results [33] and are continuously
developed and improved [34]. Also, the epidemiology
of hypertension has changed over time [1], as has an
increased number of treatment options and the intro-
duction of more ambitious treatment goals. Because
of this, the probability of experiencing complications
due to hypertension has decreased compared with
what was estimated and reported in this study.

It is, however, unclear to what extent such a predic-
tion tool, either as a digital tool or simplified printed
risk cards, is used together with the patient in ordin-
ary healthcare today in Sweden. Risk score tools focus
on one specific or a combined set of outcomes [18],
and even an intermittent use would probably intro-
duce a learning effect. This would then improve the
ability of physicians to predict outcomes for different
patient groups correctly. To what extent these tools
are used in routine clinical care today and how they

have influenced how risk is assessed by patients and
physicians ought to be studied.

The study focused only on one common risk factor
of cardiovascular disease, relatively well-known in the
general population. It is thus not possible to general-
ise the results to other situations with high probabil-
ities of serious adverse outcomes, for instance,
in oncology.

Meanings of this study

We conclude that both patients and physicians need
evidence-based tools to perform a valid risk assess-
ment of hypertension [16,18,28] in order to support
clinical decision making and to support shared deci-
sion making. The study was performed before risk pre-
diction algorithms were widely available and used.
However, even today, the use of such tools is not rou-
tine in day-to-day healthcare. They are designed to
present the risk in a specific situation to facilitate the
decision to treat the patient, not always to support
communication of the risk reduction possible with
drug treatment.

This study supports the use of risk assessment tools
to improve risk assessment. The findings are relevant
for the development of strategies aiming to improve
communication between patient and the treating
physician about cardiovascular risk.
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