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Introduction

Hypertension is a major modifiable risk factor for car-
diovascular disease (CVD) that affects about 1.13 bil-
lion people worldwide and accounts for about 42% of 
deaths in Europe annually [1]. The World Health 
Organization has specified targets for countries to 
reduce the prevalence of hypertension by 25% by 2025 
to prevent premature deaths due to hypertension-
related diseases [1]. In Norway, the proportion of pre-
mature deaths (before the age of 70) from CVD 
declined from 50% to 20% between 1970 and 2015 
[2]. While studies in Norway have already highlighted 

secular decreases in hypertension and other CVD risk 
factors during this time, detailed analyses summarising 
the treatment and control of high blood pressure have 
not been previously characterised [3-6]. Prospective 
studies, including serial surveys of CVD risk factors 
over several decades, are likely to be particularly 
informative for assessing changes in CVD risk factors 
within and between populations over time. Using data 
from the Tromsø Study, we assessed differences in age- 
and sex-specific mean levels of systolic blood pressure 
(SBP), prevalence of hypertension and use of antihy-
pertensive treatment by calendar year in northern 
Norway over the last four decades.
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Methods

Study design and participants

The Tromsø Study is a prospective study of 45,473 
individuals that assessed mean levels of CVD risk 
factors in seven sequential surveys between 1974 and 
2016 (Table I) [7]. Individuals were recruited from 
birth cohorts and population registries, with response 
rates varying between 66% and 77% at successive 
surveys. Details of the recruitment criteria, study 
methods and population characteristics have been 
previously published [7]. Ethics approval for partici-
pation in the study was provided by the Regional 
Committee of Medical and Health Research Ethics 
and the Norwegian Data Protection Authority. All 
participants provided written informed consent.

Data collected

Data on past medical history (including prior CVD), 
lifestyle factors and use of blood pressure-lowering 
antihypertensive medication were collected by inter-
viewer-administered questionnaires. All participants 
had measurements of height and weight recorded 
(which were used to estimate body mass index; BMI). 
Blood pressure (BP) was measured once in 1974 and 
twice in 1979 using a mercury sphygmomanometer 
(ERKAmeter; ERKA, Bad Tölz, Germany) after 1 
min at rest in the seated position. From 1986–2016, 
BP was measured on three occasions using automatic 
devices at all other visits (from 1986–2002: Dinamap 
Vital Signs Monitor, Critikon Inc, Tampa, FL, and 
2007–2008: Dinamap ProCare 300 monitor, GE 
Healthcare, Oslo, Norway).

Statistical analysis

Individuals with missing data, for example sex, or 
data outside the age range of 30–79 years or implau-
sible BP measurements (SBP ⩾ 220 mmHg or ⩽ 80 
mmHg; diastolic blood pressure (DBP) ⩾ 120 mmHg 
or ⩽ 40 mmHg) were excluded. Data collected dur-
ing the first survey in 1974 were excluded from the 
present analyses since BP was only measured once 
and no information was collected on women [7]. In 
all other surveys used in the analyses, BP was recorded 
twice after 1 min between readings and the mean of 
both readings was used in the analyses. If only a single 
SBP and DBP measurement was recorded (n = 430) 
then this single value was used in the analyses. 
Individuals were classified as having hypertension if 
SBP was 140 mmHg or greater or DBP was 90 
mmHg or greater, or they reported current use of 
antihypertensive medication. Use of antihypertensive 
medication involved self-reported use of any 

BP-lowering medication at each survey. Controlled 
hypertension was defined if individuals had SBP 
< 140 mmHg and DBP < 90 mmHg. Prior CVD was 
recorded if participants had reported a current or pre-
vious history of heart attack, angina pectoris or 
ischaemic heart disease at any of the surveys.

Mean levels of age, BMI, SBP and DBP and prev-
alence of prior CVD were determined at each survey 
(Supplementary Table I). Mean levels of SBP and 
DBP were estimated in 10-year age groups separately 
in men and women at each survey and standardised 
for the age and sex structure of participants in the 
1994 survey (since this included the widest age 
range). The prevalence of hypertension, the propor-
tion with hypertension who were on treatment, and 
the proportion of those treated who had their BP 
successfully controlled were estimated separately in 
men and women.

Linear mixed models were used to estimate the 
mean level of SBP by calendar year of survey and 
included interaction terms for age, sex and calendar 
year of survey. The present analyses focused on SBP 
as this is most strongly associated with risk of CVD 
[8-10]. To estimate differences in the prevalence of 
hypertension or use of treatment or control at succes-
sive surveys, generalised estimation equations (GEE) 
with age group and sex interaction terms, calendar 
year, and clustering on individuals were used.

Sensitivity and complete-case analyses were con-
ducted to assess the reliability of estimates by adjust-
ing for BMI and prior CVD diagnosis as model 
covariates (Supplementary Table II). All analyses 
were conducted using Stata version 14.2. Items were 
displayed using Excel 2013 and R version 3.5.1.

results

After exclusions, a total of 38,825 unique partici-
pants were available for the present analysis of which 
51% were women (Table I). Among these, 21% (n = 
7963) had participated in at least three surveys and 
3.7% (n = 1436) had participated in all six surveys 
(Supplementary Table I). The median age of partici-
pants varied by survey between 39 and 59 years in 
men and 37 and 58 years in women (Table II). The 
mean levels of BMI (kg/m2) increased from 1979 to 
2015 (25 (SD 3) to 28 (SD 4) kg/m2) and were higher 
in men than in women in 2015 (23 (SD 3) kg/m2 to 
27 (SD 5) kg/m2), respectively (Table II). A prior 
diagnosis of CVD was more common in men than 
women and increased in both men and women until 
2001, after which it declined (Table II).

At each survey, the mean SBP for men and women 
increased with age by an approximate factor of 22 
mmHg in men and 39 mmHg in women from the 
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youngest to oldest age groups (from age 30–39 years 
to age 70–79 years) (Figure 1). Among distinct cohorts 
of adults aged 40–49 years at the time of the six sur-
veys, the mean levels of SBP declined by 8 mmHg 
among men and 13 mmHg among women between 
1979 and 2015 (Table II). Likewise, the prevalence of 
hypertension among those aged 40–49 years at each 
survey almost halved between 1979 and 2015 in men 

(46% to 25%) and more than halved in women (30% 
to 14%) (Table III, Figure 2).

The proportion of individuals with hypertension 
who reported current use of antihypertensive treat-
ment increased progressively with age in each dec-
ade, with the greatest increases occurring after 1986. 
From 1994 to 2001, the proportion of individuals 
with treated hypertension increased twofold for men 

Table II. Age- and sex-standardised levels of systolic blood pressure and diastolic blood pressure by age group at survey. 

Sex SBP/DBP Age (year) Mean levels of BP by year of survey

1979 1986 1994 2001 2007 2015

Men SBP 30–39 131 130 131 128 129 -
 40–49 134 132 133 137 135 126
 50–59 138 138 139 142 142 131
 60–69 - 142 148 149 147 136
 70–79 - - 153 148 152 140
 DBP 30–39 84 77 75 72 76 80
 40–49 87 81 80 78 79 79
 50–59 89 85 84 84 82 79
 60–69 - 85 86 83 82 76
 70–79 - - 85 82 79 70
Women SBP 30–39 121 119 120 114 112 -
 40–49 129 125 126 120 118 116
 50–59 - 133 136 134 128 123
 60–69 - - 149 142 141 133
 70–79 - - 159 152 152 144
 DBP 30–39 79 73 71 69 70 -
 40–49 84 78 75 75 73 73
 50–59 - 81 80 79 75 74
 60–69 - - 83 80 76 74
 70–79 - - 84 81 76 74

SBP: systolic blood pressure (mmHg); DBP: diastolic blood pressure (mmHg); BP: blood pressure.

- denotes the missing data

Table III. Prevalence of hypertension, treatment among hypertensives, and hypertension control, by age group at survey. 

Sex and age at survey

 Men Women

 30–39 40–49 50–59 60–69 70–79 30–39 40–49 50–59 60–69 70–79

Prevalence of hypertension, (%) 1979 36 46 48 - - 14 30 - - -
1986 23 31 47 60 - 8 19 37 - -
1994 24 32 49 67 78 - 19 39 61 80
2001 20 27 43 62 74 7 16 33 56 76
2007 22 30 47 65 76 8 18 36 59 78
2015 - 25 40 59 71 - 14 31 53 73

Treatment among hypertensives, (%) 1979 2 5 8 - - 3 7 - - -
1986 3 7 12 19 - 4 10 13 - -
1994 4 8 14 23 28 5 12 16 21 58
2001 8 15 25 37 44 10 22 27 35 44
2007 12 22 34 48 56 15 31 37 46 55
2015 - 31 46 60 67 - 42 48 58 66

Control of hypertension, (%) 1979 9 8 7 - - 18 13 - - -
1986 33 32 27 23 - 53 43 31 - -
1994 32 32 26 22 17 52 42 30 21 13
2001 46 44 39 34 28 66 57 44 33 22
2007 50 49 44 38 31 70 61 48 37 25
2015 - 64 59 52 46 - 74 63 51 38

Hypertension is SBP/DBP ⩾ 140/90 mm Hg, treatment is proportion initiated on antihypertensives among hypertensives and control is proportion among 
treated hypertensives achieving SBP/DBP < 140/90 mmHg. The data were calculated from GEE models after adjustment for age and sex.

- denotes the missing data
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Figure 1. Mean systolic blood pressure (a, b), proportion of hypertensives (c, d), proportion of hypertensives on treatment (e, f), and pro-
portion of treated hypertensives achieving blood pressure control (g, h) in men (left panels, red) and women (right panels, blue) by 10-year 
age categories. Continuous estimates are from a linear mixed model and categorical estimates are from a GEE. All estimates are adjusted 
for age and sex.
Hypertension is SBP/DBP ⩾ 140/90 mm Hg, treatment is proportion initiated on antihypertensives among hypertensives and control is proportion among 
treated hypertensives achieving SBP/DBP < 140/90 mmHg.
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aged 30–59 years. During this same period, the pro-
portion of individuals with hypertension who were 
treated increased by 11% in men aged 50–59 years, 
14% in men aged 60–69 years and 16% in men aged 
70–79 years (Table III, Figure 2). From 1994 to 
2001, the proportion of individuals with hyperten-
sion treated increased by 10% in women aged 40–49 
years, 11% in women aged 50–59 years, 14% in 
women aged 60–69 years and 16% in women aged 
70–79 years (Table III, Figure 2).

The proportion of adults with hypertension who 
were successfully controlled increased in all age groups 
between 1979 and 2015 and control rates were stable 
between 1986 and 1994 (Table III, Figure 2). Overall, 
the prevalence of hypertension and the proportion 
treated, but uncontrolled, decreased during each dec-
ade of follow-up. Among individuals aged 40–49 years, 
the prevalence of hypertension decreased from 1979 
to 1994 and remained relatively stable before decreas-
ing further until 2015 (Figure 2). The prevalence of 
hypertension declined in men from 46% in 1997 to 
25% by 2015 and in women from 30% in 1979 to 
14% by 2015.

The proportion of middle-aged treated hyperten-
sives remained stable from 1979 to 1994, and subse-
quently increased until 2015 (Table III, Figure 2). 
The proportion of men with treated hypertension 

increased sixfold from 5% to 31% between 1979 and 
2015. The proportion of women with treated hyper-
tension also increased sixfold from 7% to 42% 
between 1979 and 2015. The proportion of adults 
with hypertension who were successfully controlled 
increased from 1979 to 1986, remained stable until 
1994, and increased again until 2015 (Table III). 
Overall, between 1979 and 2015, there was a 56% 
increase in the proportion of adults with hyperten-
sion that were controlled in men and 61% increase in 
women aged 40–49 years (Figure 2).

Discussion

This study has demonstrated substantial reductions 
in mean SBP and the prevalence of hypertension and 
an increase in the use of BP-lowering treatment and 
control of hypertension over the last four decades in 
Norway. Between 1979 and 2015, the mean levels of 
SBP declined by 10 mmHg, the prevalence of hyper-
tension was halved and the proportion of adults with 
hypertension who were treated increased sixfold 
among people aged 40 to 49 years. Moreover, the 
prevalence of control among those with hypertension 
who were successfully controlled also increased 
about sixfold in men and women between 1979 and 
2015.

Figure 2. The prevalence of hypertension (full bar) among men (a) and women (b) aged 40–49 years throughout the survey years. The 
bottom black bar represents the proportion of hypertensives not on treatment, the middle bar represents the proportion of treated hyper-
tensives without blood pressure control, and the top bar represents the proportion of treated hypertensives achieving blood pressure control. 
Estimates are derived from GEE models adjusted for age and sex.
Hypertension is SBP/DBP ⩾ 140/90 mm Hg, treatment is proportion initiated on antihypertensives among hypertensives and control is proportion among 
treated hypertensives achieving SBP.
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The magnitude of the reduction in mean levels of 
SBP observed in the present study were comparable 
with estimates from previous reports in Norway for 
people aged 40–60 years [5,6] and from pooled anal-
yses of high-income countries (HICs) including the 
UK and USA, especially for older people [11,12]. In 
most countries, men had higher mean levels of SBP 
than women, which is consistent with the findings in 
the present study [11-13].

The approximate halving of the prevalence of 
hypertension is consistent with estimates in other 
HICs between the 1980s and the 2000s [12,13]. The 
findings of the present study are also consistent with 
trends reported in 12 HICs, which reported the 
greatest reduction in the prevalence of hypertension 
occurring between the 1990s and the mid-2000s 
[14]. However, in contrast with these countries, the 
prevalence of hypertension in Norway did not atten-
uate, but continued to decline from 2007 to 2015. 
[13] The prevalence of hypertension in Norway was 
lower than in Italy (77%) but was higher than Canada 
(61%) for men and women aged 70–79 after 2010 
[14]. From 2005 to 2017, reductions in hypertension 
prevalence were comparable to those observed in the 
USA, but greater than those observed in Australia 
and in New Zealand among participants aged 50–59 
years [9]. Nevertheless, a substantial burden of 
uncontrolled hypertension was still observed among 
men and women aged 60 years and older (>50%), 
which is higher than estimates for Denmark and 
Sweden [13-17].

The increasing proportions of treated hyperten-
sives are consistent with those observed in middle-
aged people in HICs [12]. Increases in the use of 
treatment were more extreme in Norway for middle-
aged women compared with rates in the USA, UK 
and Japan [13,14]. The proportion of treated hyper-
tensives was similar to individuals in the UK aged 
50–69 years (45%‒59%), but lower in individuals 
aged 40–49 and 70–79 years (36% and 73%, respec-
tively) in 2016 [14]. Current estimates of hyperten-
sion treatment were at least 10% higher in 2015 than 
those calculated in a previous analysis of Tromsø 
data from 2007, however, these differences are 
inflated as the previous analysis calculated hyperten-
sive treatment among the entire cohort and not as a 
proportion of hypertensives [4,6]. Consistent with 
the findings of the present study, the use of treatment 
was higher in women than in men in most HICs [13].

We have reported increasing proportions of BP 
control that are consistent with other HICs [13,14]. 
In the 1980s to early 1990s, the proportion of age- 
and sex-specific BP control was less than 25% in 
most countries, which is consistent with men aged 
50–59 years in the present study [11-13]. Control 

rates in Norway were at least 10% higher for men 
and women than estimates in the UK and at least 
15% higher than in Australians for those aged 40–79 
years in 2015 [14]. Despite higher levels of treatment 
in South Korea and China, participants in the pre-
sent study achieved >30% higher control rates than 
in Chinese and South Korean populations aged 40–
49 years [13,14]. In contrast with most countries, the 
proportions of control in the present study decreased 
in the older age groups and were highest among mid-
dle-aged men and women (aged 40–60 years) [13,14]. 
The higher control rates in women than in men 
below 60 years are consistent with other HICs [14].

In addition to BP treatment, changes seen in hyper-
tension treatment and control in this report may be 
attributed to greater primary prevention efforts and 
population modifications of hypertension risk factors. 
While these variables were available for the present 
analysis, previous studies have also characterised some 
of these trends. Research that was also based on the 
Tromsø cohort has demonstrated that smoking rates 
have declined substantially in Norway over the last 
half century [18-22]. Additionally, while the consump-
tion of alcohol has remained steady during this time, it 
is currently among the lowest in Organisation for 
Economic Co-operation and Development countries 
[23]. In neighbouring Finland, where both behaviours 
are common, the prevalence of hypertension has 
remained high [13,23,24].

Changes in the proportion of hypertension treat-
ment and control may in part reflect targeted increases 
in prescriptions of antihypertensives, higher intensity 
of treatment, and earlier initiation of treatment. Over 
the last few decades general European risk prediction 
scores were replaced with Norwegian-adapted mod-
els, firstly NORRISK1 and subsequently NORRISK2, 
which aimed to capture the risk of both fatal and non-
fatal CVD events [25]. Recent analysis of the two risk 
scores in the Tromsø cohort has demonstrated that the 
proportion eligible for initiation is higher using 
NORRISK2, including an additional 3% on preven-
tion and treatment for BP alone [26]. Improved con-
trol and treatment of hypertension may also reflect 
greater access to more effective antihypertensive med-
ications. While antihypertensives are considered nec-
essary medications and are reimbursed by Norwegian 
pharmacies, policies in the 1990s shifted reimburse-
ments to exclusively cover specific antihypertensives 
(thiazides) as a first line of treatment [27]. This law 
concurrently encouraged multi-drug prescriptions, 
resulting in a sixfold increase in prescriptions for both  
angiotensin-converting-enzyme inhibitors and thi-
azides within 2 years of its ratification [27]. Further 
research investigating the relationships between pre-
scription policies and intensity of treatment, 



8  T. Desai et al.

and lifestyle changes including smoking and alcohol 
consumption are needed to understand the determi-
nants of the trends observed in this report.

The strengths of this study include its large sam-
ple size and the use of serial measurements of BP 
over almost four decades. This study documented 
age- and sex-specific trends over 40 years, which 
could guide public health policies on implementa-
tion of effective strategies for prevention and treat-
ment of hypertension in age- and sex-specific 
subgroups in the Norwegian population. Although 
the cohort is regionally representative, the demo-
graphic characteristics of Tromsø are comparable to 
those living elsewhere in Norway, hence, the analy-
ses from this cohort could be used to inform national 
policies [7]. Future research should explore addi-
tional covariates that affect BP beyond those exam-
ined in the present analysis, including seasonality 
and lifestyle behaviours [14]. The findings from the 
present analysis nonetheless provide strong support 
for further investigations of trends in mean levels of 
SBP, prevalence of hypertension, use of treatment 
and control.

Hypertension is a leading risk factor for CVD that 
contributes substantially to morbidity and mortality 
in Europe [1]. Previous studies have demonstrated 
substantial changes in CVD-related mortality in 
Norway over the last four decades; the present analy-
sis of sequential survey data on BP over four decades 
has demonstrated marked and sustained reductions 
in SBP over this time period. Appreciation of the 
importance of public health strategies to improve 
detection, treatment and control of SBP is highly rel-
evant to developing public health strategies to reduce 
the proportion of premature deaths from CVD, whose 
burden is increasing in many parts of the world [13]. 
The favourable trends in prevalence, treatment and 
control of BP observed in the Tromso cohort suggest 
that could be an exemplar for what could also be 
achieved elsewhere in Europe and beyond.
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