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Abstract

Background Previous studies have suggested that Sami
have a similar risk of myocardial infarction and a possible
higher risk of stroke compared with non-Sami living in the
same geographical area.
Design Participants in the SAMINOR 1 Survey (2003–
2004) aged 30 and 36–79 years were followed to the
31 December 2016 for observation of fatal or non-fatal
events of acute myocardial infarction (AMI), coronary
heart disease (CHD), ischaemic stroke (IS), stroke and a
composite endpoint (fatal or non-fatal AMI or stroke).
Aim Compare the risk of AMI, CHD, IS, stroke and the
composite endpoint in Sami and non-Sami populations,
and identify intermediate factors if ethnic differences in
risks are observed.
Methods Cox regression models.
Results The sex-adjusted and age-adjusted risks of AMI
(HR for Sami versus non-Sami 0.99, 95% CI: 0.83 to 1.17),
CHD (HR 1.03, 95% CI: 0.93 to 1.15) and of the composite
endpoint (HR 1.09, 95% CI: 0.95 to 1.24) were similar
in Sami and non-Sami populations. Sami ethnicity was,
however, associated with increased risk of IS (HR 1.36,
95% CI: 1.10 to 1.68) and stroke (HR 1.31, 95% CI: 1.08 to
1.58). Height explained more of the excess risk observed
in Sami than conventional risk factors.
Conclusions The risk of IS and stroke were higher
in Sami and height was identified as an important
intermediate factor as it explained a considerable
proportion of the ethnic differences in IS and stroke. The
risk of AMI, CHD and the composite endpoint was similar
in Sami and non-Sami populations.

Introduction
Through 2001 to 2014, the incidence of
non-fatal acute myocardial infarction (AMI)
and fatal coronary heart disease (CHD)
declined in Norway in both sexes,1 even
among people aged 25–44 years.1 Between
1994 and 2012, a decline was observed in the
incidence of CHD2 and stroke3 in the largest
city in Northern Norway, which is close to the
regions included in the present study. The
decline in the incidence of CHD and stroke
was mainly driven by the improvement of

Key questions
What is already known about this subject?
►► Previous studies have found similar risk of coronary

heart disease and a possible higher risk of stroke in
Sami compared to non-Sami populations.

What does this study add?
►► In the SAMINOR 1 Survey (2003–2004), the Sami

population has a higher risk of stroke and ischaemic stroke compared with non-Sami. Differences
in height explained more than conventional risk
factors.

How might this impact on clinical practice?
►► Our findings have predominantly public health rel-

evance. The clinical relevance depend on the interpretation of height and ethnicity as risk predictors of
ischemic stroke and stroke.

cardiovascular risk factors3; for fatal CHD,
fewer out-
of-
hospital sudden deaths and
hospitalisations with severe myocardial infarction (MI) contributed to the decline.2
The Sami people live across Norway,
Sweden, Finland and on the Kola Peninsula in the Russian Federation. In Norway,
the Sami are acknowledged as indigenous
people, and the majority live in Northern
Norway, together with the Kven people and
Norwegian majority population. The Kven
people are descendants of Finnish-speaking
immigrants who arrived in the 1700s and
1800s from northern Sweden and Finland.4
As with other indigenous people, the Norwegian government imposed harsh assimilation
policies on the Sami from 1850 until 1960,5
when a revitalisation of Sami culture and
languages began, but many had already given
up using Sami languages. In the 1970 population census, information on Sami and Kven
ethnicities was collected in selected areas of
Northern Norway, and it was estimated that
around 40 000 people in Norway were Sami.6
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Coronary heart disease and stroke in the
Sami and non-Sami populations in rural
Northern and Mid Norway—the
SAMINOR Study
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Methods
The SAMINOR 1 Survey (SAMINOR 1) was conducted
in 2003–2004 and was the first of three population-based
cross-
sectional surveys, which together constitute the
SAMINOR Study. The SAMINOR 1 was initiated due to
limited knowledge about the health of the Sami population, and it was conducted by the Centre for Sami Health
Research at UiT the Arctic University of Norway, together
with the Norwegian Institute of Public Health. There
is no registry of ethnicity in Norway; thus, SAMINOR 1
invited all inhabitants aged 30, 36–78/79 years (birth
cohorts 1925–1967 and 1973 in 2003; birth cohorts 1925–
1968 and 1974 in 2004) residing in 24 selected municipalities of Northern and Mid Norway, all of which had
a considerable Sami population according to the 1970
census6 and local knowledge. SAMINOR 1 included a
clinical examination and self-
administrated questionnaires, which included questions related to ethnicity. In
total, 27 987 individuals were invited and 16 865 (60.3%)
attended SAMINOR 1.19
Clinical examination
Trained staff conducted the clinical examinations,
during which waist circumference was measured at the
umbilicus to the nearest centimetre when participants
were standing. Height in centimetres and weight in
kilograms were measured with an electronic height and
2

weight scale (DS-102, Dongsahn Jenix, Seoul, Korea) to
the nearest 0.1 decimal, with the participant standing
and wearing no shoes. A digital oscillometric device
(DINAMAP-R, Critikon, Tampa, Florida, USA) was used
to measure blood pressure three times at 1-minute intervals, and the average of the last two measurements was
reported. Those who used antihypertensive medications
or had systolic or diastolic blood pressure ≥140/90 mm
Hg, respectively, were categorised as hypertensive. Non-
fasting venous blood samples were taken while participants were resting. The samples were centrifuged within
30 min, separated within 2 hours and sent by overnight
post to Ullevål University Hospital in Oslo, Norway,
where total cholesterol, high-density lipoprotein (HDL)
cholesterol, glucose and triglycerides were measured with
an enzymatic method (Hitachi 917 autoanalyser, Roche
Diagnostics, Switzerland).
Self-administered questionnaires
There is no registry on ethnicity in Norway and health
surveys rely on self-reported ethnic information. There
is no consensus on how ethnicity should be operationalised in health research except that it is recommended
that several markers of ethnicity are applied, as ethnicity
is a multifaceted concept.20–22 The following 11 questions
provided information about ethnicity: (1) What language
do/did you, (2) your mother, (3) your father, (4–7) your grandparents (all four) speak at home? (8) What is your, (9) your
mother’s, (10) your father’s ethnic background? (11) What do
you consider yourself to be? To each of the questions, one or
more of the following alternatives could be ticked: Sami,
Kven, Norwegian and other (specify). Participants who
(1) considered themselves as Sami or ticked ‘Sami’ as
their own ethnic background, and (2) either spoke the
Sami language themselves, or had at least one parent
or grandparent who used it at home, were categorised
as Sami. All others were categorised as non-Sami. Sensitivity analyses were performed using an alternative ethnic
categorisation: (1) high Sami affiliation, that is, reported
Sami to all 11 questions (n=1385), (2) some Sami affiliation, that is, reported Sami in 1–10 questions (n=3168),
and (3) no Sami affiliation, that is, did not answer Sami
in any of the questions (n=9234).
A family history of premature MI was considered present
if first-degree relatives (parents, siblings or children) had
MI before the age of 60 years. Disease status was obtained by
asking if participants had MI, stroke/brain haemorrhage,
angina pectoris and diabetes mellitus, and, if so, then age
at which the condition first occurred. Participants with
self-reported diabetes mellitus or glucose ≥11.1 mmol/L
were categorised as having diabetes. Participants reported
whether they were current, previous, or never users of antihypertensive or lipid-lowering medications. Previous and
never users were merged with those who failed to reply to
the question (missing values for antihypertension medication, n=142) and categorised as non-users.
Information on education and behaviour were
collected through the questions: How many years of
Siri SRA, et al. Open Heart 2020;7:e001213. doi:10.1136/openhrt-2019-001213
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Unlike other indigenous populations,7 the somatic health
in Sami has been shown to be similar to that in the non-
Sami population in the same geographical areas.8
Two studies regarding CHD mortality in Sami, covering
roughly the same time period but different geographical areas, show contradicting mortality rates,9 10 whereas
similar incidence of MI was observed in Sami and non-
Sami in 1973/1974 through 1989 in Finnmark County,
in Northern Norway.11 With regards to stroke, higher
mortality9 and possibly higher incidence11 12 were
observed in Sami compared with their reference populations in the years 1974–1998. Moreover, several studies
observed lower average heights in Sami than in non-Sami
populations,10 13 14 and a possible inverse association
between height and degree of Sami affiliation.13 Moreover, an increase in height has been found to be inversely
associated with CHD and stroke,15 16 which has also been
observed in Finnmark,12 however, for MI, this was only
found in women.11
We have previously reported overall similar levels of
cardiovascular risk factors in Sami and non-Sami populations in rural Northern Norway.17 18 However, it is not
known whether the incidence of cardiovascular disease
(CVD) differs in Sami and non-Sami in this population.
Thus, the aim of this study was to compare the risk of
fatal or non-fatal AMI, CHD, ischaemic stroke (IS), stroke
and a composite endpoint (AMI or stroke) in Sami and
non-Sami populations, and identify intermediate factors
if ethnic differences in risks are observed.

Cardiac risk factors and prevention

Data from national registries
Linkage to the following national registries was done
using each participant’s unique, 11-digit national identity
number: the Norwegian Cause of Death Registry provided
dates and underlying causes of death for 2003–2016; the
Cardiovascular Disease Project25 provided information
on all hospitalisations with CVD as the main or secondary
discharge code for 1993–2009; the Norwegian Patient
Registry provided records from all hospitalisations with
discharge codes including CVD as the main or secondary
diagnoses for 2010–2016; and Statistics Norway provided
information on emigrations.
The five endpoints included the following codes from
the International Classification of Disease, 10th Revision:
(1) AMI: I21–22 as the hospital discharge code, or I20–25
as the underlying cause of death code. (2) CHD: I20–25
as the hospital discharge code or the underlying cause of
death code. (3) IS: I63 as the hospital discharge code or
the underlying cause of death code. (4) Stroke: I60–61
and I63–64 (except I63.6) as hospital discharge code or
underlying cause of death code. (5) Composite endpoint,
representing the NORRISK 2 endpoint: I21–22 and
I60–61, I63–64 (except I63.6) as the hospital discharge
code, or I20–25 and I60–61, I63–64 (except I63.6) as the
underlying cause of death code.24
Study sample
Among the 16 865 individuals who attended the SAMINOR
1, we excluded 87 who did not consent to have their data
linked to registries; 1027 who did not complete one or
both of the questionnaires; 35 who did not attend the
clinical examination; and 51 who had missing information on ethnicity. Furthermore, we excluded 1580 with
self-
reported angina pectoris, MI and stroke (the two
latter have moderate to high agreement in this population
Siri SRA, et al. Open Heart 2020;7:e001213. doi:10.1136/openhrt-2019-001213

when validated against hospital discharge diagnoses)26
and 151 with CHD or stroke as main or secondary hospital
discharge code prior to participation in SAMINOR 1. Due
to missing values in conventional risk factors (n=128) and
height (n=19), the final sample consisted of 13 787 individuals (49.3% of the invited sample).
Statistical analyses
Sample characteristics are given for each stratum of sex
and ethnicity, as mean values with SD or as proportions
with numbers. The instantaneous hazards in Sami and
non-Sami were compared by Cox regression models using
age as the time axis,27 28 whereby each model was adjusted
for age. In model 1, the risk estimates for ethnicity were
adjusted for age and sex. We then adjusted for potential
intermediate factors: first for height per 5 cm (model 2),
and then for conventional risk factors included in the
risk prediction model NORRISK 2 score,24 systolic blood
pressure, total cholesterol, HDL cholesterol, current
smoking, use of antihypertensive medication and whether
one or two family members had a history of premature
MI (model 3). Due to the potential for non-linearity in
risk for the continuous variables,29 we re-ran model 3
(and model 4 in sensitivity analyses) while allowing for
multiple fractional polynomials using the ‘mfp’ function
in STATA, an extension of the conventional polynomial
model allowing for flexible parametrisation of a continuous predictor. The results from these models showed
that only systolic blood pressure could be transformed
using different power and degree of freedom, but only
in models with AMI, CHD and the composite endpoint.
Importantly, the β-coefficients for ethnicity did not differ
in the linear models compared with the models that
included the transformed variable, thus, linear models
were chosen for all endpoints.
For all endpoints, we assessed the presence of interaction
by including product terms with ethnicity and sex, respectively, in separate models for each covariate included in
models 2 and 3. In the presence of interaction (AMI: sex
and antihypertensive medication; stroke and composite
endpoint: sex and height), we included a product term
in the models. The proportional hazard assumption was
assessed by checking if the Schoenfeld residuals were independent of attained age at a 5% significance level, and if
necessary, by visual inspection of log-minus-log graphs. If
a covariate violated the proportional hazards assumption,
then it was included as a time-varying covariate.
Participants in the study were followed from the date of
enrolment in SAMINOR 1 until the date of the first non-
fatal or fatal event of the specific CVD endpoint, death
from other causes, emigration or end of follow-up (31
December 2016), whichever occurred first. A two-sided
p-value <0.05 was considered statistically significant. All
statistical analyses were performed using STATA V.15.1.
source software R
Figure 1 was made using the open-
V.3.6.0 (Foundation for Statistical Computing, Vienna,
Austria).
We conducted the following sensitivity analyses:
3
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education have you completed? Are you currently, or were you
previously a daily smoker? (Response alternatives: currently,
previously, or never – previous smokers and never-
smokers were merged into non-smokers); what was your
alcohol consumption in the last year? (Response alternatives:
never consumed alcohol, not during the last year, a few
times during the last year, one time per month, two to
three times per month, one time per week, two to three
times per week or four to seven times per week). We
created a three-
level category, consisting of (1) never
consumers together with those who did not consume in
the last year, (2) those who consumed less than weekly
and (3) those who consumed at least weekly. Leisure-time
physical activity in the last year was measured using the
‘Saltin-Grimby’ four-level scale.23 Being sedentary during
leisure time was defined as: reading, watching television
or other sedentary activity, whereas the remaining three
alternatives, all of which compromised some physical
activity, were merged to describe those who were physically active during leisure time. The estimated 10-year
risk of fatal or non-fatal AMI or stroke was computed
using the NORRISK 2 score.24

Open Heart

Results
The final sample constituted of 21.7% Sami and more
women (53.7%) than men. The age distribution was
similar in Sami and non-Sami, both in men and women.
The crude mean values for height showed that Sami
men and women in this sample were 6.0 and 5.7 cm
shorter than non-Sami men and women, respectively
(both p<0.001, age-adjusted linear regression, results
not shown). A higher proportion of Sami participants reported a family history of premature MI, and
a higher proportion reported abstaining from alcohol

or a seldom alcohol consumption. A higher proportion
of Sami than non-Sami men reported being current
smokers, and Sami men had a somewhat higher mean
estimated 10-year risk of AMI or stroke. In this sample,
Sami women had a somewhat lower mean systolic blood
Sami women, whereas a higher
pressure than non-
proportion of non-Sami was categorised as hypertensive. Additionally, a lower proportion of Sami women
reported being physically active in their leisure time
(table 1).
The median follow-up time and age for the composite
endpoints were 13.0 and 65.2 years, respectively. The
number of fatal and non-
fatal events by investigated
endpoints were as follows: AMI, 102 and 672; CHD, 89 and
1882; IS, 9 and 423; stroke, 36 and 525; and the composite
endpoint, 129 and 1130, respectively. Among censored
cases, there were 101 participants who emigrated during
follow-up.
For all endpoints considered, we found no statistically
significant interactions between ethnicity and height,
between ethnicity and sex, or between ethnicity and year
of birth. Although the estimates for men and women
were not different in Sami and non-Sami, we included
the sex-
specific and ethnicity specific incidence rates
per 1000 person-years in a supplementary table (online
supplementary table 1).
The number of cases, person-years and incidence rates
(per 1000) by ethnic group are listed in figure 1. For each

Figure 1 Number of cardiovascular events, person-years and incidence rates in Sami and non-Sami people who participated
in the SAMINOR 1 Survey in 2003/2004 and were followed to the end of 2016. The forest plot gives the adjusted risk (HR
with 95% CI) in Sami (n=2990) for different cardiovascular endpoints using non-Sami (n=10 797) as reference and age as the
time axis in Cox regressions models, adjusting for the following covariates: model 1, sex; model 2, sex and height; model 3,
sex, height, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, current smoking (yes/no), use of
antihypertensive medication (yes/no) and if one or two family members had a history of premature myocardial infarction (yes/
no).
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1. We additionally adjusted for waist circumference, diabetes, physical activity in leisure time, alcohol consumption and years of education (model 4), but in a
smaller sample due to missing values in these covariates (n=12 078, results not shown).
2. We performed Fine & Gray competing risk survival
analyses with deaths from other causes as competing
events, as previous studies have found somewhat higher rates of total mortality and violent death in Sami
than non-Sami populations.9
3. Models 1–3 were repeated using the alternative ethnic
categorisations.
4. To account for potential geographical heterogeneity,
we adjusted for regions in all three models, using region 1 (see table 1 for the definition of regions) as
reference.

Cardiac risk factors and prevention

Men

Women

Non-Sami
(n=4971)
Age (years)

52.8 (10.8)

Sami
(n=1408)
52.9 (10.8)

Non-Sami
(n=5826)
52.8 (11.3)

Sami
(n=1582)
52.1 (11.2)

Height (cm)

175.6 (6.9)

169.6 (6.4)

162.5 (6.4)

156.8 (6.0)

Systolic blood pressure (mm Hg)

134.0 (18.0)

133.3 (19.0)

129.2 (20.9)

127.2 (20.9)

Diastolic blood pressure (mm Hg)

78.3 (10.0)

77.9 (9.8)

72.7 (10.2)

72.1 (10.1)

Total cholesterol (mmol/L)

6.02 (1.1)

6.04 (1.1)

5.99 (1.2)

6.01 (1.1)

HDL cholesterol (mmol/L)

1.26 (0.33)

1.27 (0.35)

1.49 (0.38)

1.44 (0.37)

Smoking
 Current smoker

31.5 (1566)

34.7 (488)

32.3 (1882)

33.0 (522)

 Previous smoker

37.7 (1876)

37.0 (522)

30.5 (1777)

28.1 (445)

 Never smoker

30.8 (1529)

28.3 (398)

37.2 (2167)

38.9 (615)

Family history of premature MI*
One family member

19.4 (960)

20.0 (281)

20.1 (1171)

21.4 (337)

Two family members

3.0 (147)

4.5 (63)

4.2 (242)

5.8 (91)

Users of antihypertensive medication†

13.7 (681)

13.5 (190)

16.6 (969)

16.1 (254)

Estimated 10-year risk of fatal or non-fatal AMI or stroke†‡

8.82 (7.9)

9.13 (8.1)

4.76 (6.0)

5.73 (4.4)

Triglycerides (mmol/L)†

1.87 (1.31)

1.87 (1.16)

1.50 (0.86)

1.55 (0.88)

Hypertensive

39.5 (1963)

38.6 (543)

35.7 (2078)

32.1 (508)

Users of lipid-lowering drugs†
Waist circumference (cm)†
Diabetes mellitus
Physically active in leisure time†

7.1 (354)

8.6 (121)

8.7 (506)

8.7 (137)

94.3 (10.3)

92.3 (10.9)

85.1 (11.9)

85.3 (11.9)

3.4 (167)

4.1 (58)

3.5 (202)

3.4 (53)

76.7 (3565)

75.7 (977)

78.4 (4 134)

72.1 (1037)

8.5 (416)

12.9 (177)

17.1 (966)

28.6 (436)

Alcohol consumption†
 Never/not last year
 Less than weekly

58.2 (2843)

61.2 (838)

60.9 (3443)

58.3 (890)

 Weekly or more often

33.3 (1626)

25.9 (354)

22.0 (1241)

13.1 (199)

Years of education†
Region 1: Alta, Loppa, Kvalsund, Lebesby, Lyngen, Storfjord, Kåfjord,
Kvænangen§
Region 2: Kautokeino. Karasjok§

11.5 (3.7)

11.0 (4.0)

11.7 (3.8)

11.6 (4.5)

62.7 (3117)

31.9 (449)

62.6 (3646)

28.2 (446)

1.3 (66)

28.7 (404)

1.5 (89)

33.1 (524)

Region 3: Tana, Nesseby, Porsanger§

10.6 (527)

28.1 (396)

11.0 (639)

29.1 (460)

Region 4: Narvik, Evenes, Tysfjord, Skånland, Lavangen, Røros, Snåsa,
Røyrvik, Namsskogan, Grane, Hattfjelldal§

25.4 (1261)

11.3 (159)

24.9 (1452)

9.6 (152)

*Parents, siblings or children with MI before the age of 60 years.
†Missing values: users of antihypertensive medication, n=142; estimated 10-year risk in men, n=13; triglycerides, n=12; waist
circumference, n=47; education, n=770; users of lipid lowering drugs, n=300; physical activity, n=1185; alcohol consumption, n=358.
‡Estimated 10-year risk is measured with the NORRISK 2 risk score including sex, age, systolic blood pressure, total and HDL
cholesterol, smoking (yes/no), use of antihypertensive medication (yes/no) and if one or two family members had a history of premature
MI (yes/no).
§Included the listed municipalities.
HDL, high-density lipoprotein; MI, myocardial infarction.

endpoint, the HRs and 95% CIs in Sami versus non-Sami
are visualised for model 1 to 3 with a forest plot (figure 1).
We found no ethnic differences in the age-adjusted and sex-
adjusted (model 1) or the multivariable-adjusted (model
2–3) risk of AMI, CHD or in the composite endpoint.
Regarding IS and stroke, Sami had higher age-adjusted and
sex-adjusted risks than non-Sami, with HR of 1.36 (95%
Siri SRA, et al. Open Heart 2020;7:e001213. doi:10.1136/openhrt-2019-001213

CI: 1.10 to 1.68) and 1.31 (95% CI: 1.08 to 1.58), respectively. Adjustment for height attenuated the relationships
between ethnicity and IS, and ethnicity and stroke to HR
1.26 (95% CI: 1.00 to 1.59) and 1.18 (95% CI: 0.96 to
1.44), respectively. Further adjustment for conventional
risk factors (model 3) increased the risk of IS and stroke
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Table 1 Crude sample characteristics for the SAMINOR 1 population (n=13 787) given as means and SD or proportions and
numbers
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Discussion
In this population-based study from Northern and Mid
Norway with a median of 13 years of follow-up, we found
that Sami had a higher risk of IS and stroke than non-
Sami, and a considerable part was explained by differences in height. No ethnic differences were observed
with regards to AMI, CHD and the composite endpoint
consisting of fatal or non-fatal AMI or stroke.
Our findings of higher incidence of IS and stroke in
Sami compared with non-Sami is supported by studies in
Norway and Sweden that indicate a higher incidence11 12 30
and higher mortality of stroke in Sami.9 However, similar
mortality of stroke was found between Sami and non-
Sami in Sweden and Northern Finland.30 31
We observed a similar risk of CHD and AMI in Sami and
non-Sami, which is consistent with the results regarding
MI from a study based on data from 1974/1975 to 1989
that included the population in the Finnmark County.11
A different study, covering the same population and time
period, found lower total mortality, CVD mortality and
CHD mortality in Sami men, whereas no ethnic difference was observed between Sami and non-Sami women.10
Another study followed Sami identified through a population census in Northern Norway from 1970 to 1998 and
found that Sami had higher total mortality, CVD mortality
and CHD mortality than their benchmark population.9
However, as we included both fatal and non-fatal events,
direct comparisons of mortality rates are challenging. In
Finland, lower and similar mortalities have been observed
in Sami,31 32 whereas in Sweden, no overall differences in
incidence and mortality are observed when compared with
reference non-Sami populations.30 Being a member of a
Sami reindeer herding household may, however, be protective.9 30
It seems likely that Sami people have a higher risk of
IS and stroke than non-Sami, and similar risk of AMI
and CHD, as this corresponds well with previous studies.
We note that our age-adjusted and sex-adjusted effect
estimates (model 1) are important from a public health
perspective, as they reflect the actual distribution of
risk in these populations. In our study, we were able to
provide some explanation for the differences in risks, as
the results for IS and stroke were attenuated, becoming
only borderline significant after adjustment for height
6

and conventional risk factors. However, the effect estimates for IS and stroke remained elevated after adjustments (models 2 and 3), which suggests that there might
be other intermediate factors that we have not accounted
for.
When adjusting for height, we most likely adjusted for
factors that are related to health, nutrition and socioeconomic conditions, within and across generations,33 34 and
genetic factors,15 35 which all influence the body height
of an individual. Adjusting for baseline values of conventional risk factors (model 3) had only a small impact on
the associations between ethnicity and IS, and ethnicity
and stroke. This was as expected, given the similar baseline levels of conventional risk factors found in Sami
and non-Sami at two time points.17 18 The Emerging Risk
Factors Collaboration included over 1 million people and
found that after adjusting for height, further adjustments
for long-term exposure to cardiovascular risk factors had
little impact on the mortality-specific risk estimations.16
They suggested that adult height is influenced by factors
that also influence cardiovascular risk through the shared
biological process between genes that determine adult
height and atherosclerosis,16 which has been considered
by others.36 For the risk of CHD, an increase in genetically determined height (6.5 cm) has been associated
with the lower body mass index,37 lower cholesterol36 37
and better lung function,37 38 whereas for stroke, the associations were less certain.37 Some argue that height has a
direct effect as short people have proportionally smaller
coronary arteries that are occluded earlier than in tall
persons by a similar burden of plaque.39 Shorter people
are found to have higher blood pressure40 and increased
heart rate due to a smaller arterial tree41 than in taller
people. The precise mechanism linking short stature with
increased risk of CHD and stroke remains uncertain.
We found no ethnic differences in the risk of AMI and
CHD. CVD is multifactorial in origin, and comparison
groups may differ with regards to unmeasured risk or
protective factors. Poor socioeconomic circumstances
during childhood are found to have a stronger impact
on stroke mortality than CHD mortality,42 which suggests
some differences in the aetiology of stroke and CHD.
Education and healthcare are publicly financed in
Norway, and this has been suggested as the underlying
reason for the rather similar health observed previously
in Sami and their majority population, as opposed to the
situation in other indigenous populations.43 Adjusting
for baseline education and lifestyle factors (model 4
in sensitivity analyses) had a small impact in our study,
and expenditures to secondary healthcare services are
found to be similar in geographical areas that represent
Sami and non-Sami populations.44 Hence, differences in
healthcare utilisation and education are most likely not
an issue in this population.
All inhabitants, within the selected region and birth
cohorts, were invited to the SAMINOR 1, regardless of
ethnicity, which should help control some environmental
confounding factors that can distort comparison between
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somewhat (to HR 1.30 (95% CI: 1.03 to 1.64) and 1.19
(95% CI: 0.97 to 1.47), respectively) (figure 1).
A significant interaction between sex and height was
present in the models for stroke and the composite
endpoint. Sex-stratified analyses revealed that height was
inversely associated with stroke (model 2, HR per 5 cm
increase: 0.84, 95% Cl: 0.76 to 0.94) and the composite
endpoint (model 2, HR per 5 cm increase: 0.89, 95% Cl:
0.82 to 0.96), only in women (online supplementary table
2).
The sensitivity analyses rendered results that were
consistent with those reported above.

Cardiac risk factors and prevention

Strengths and limitations
The use of 11-digit national identity numbers to obtain
complete follow-up to high-quality registries,25 49 and the
possibility to remove prevalent cases at baseline represents the strengths of this study. A limitation is that we
have only adjusted for baseline values and cannot account
for changes in risk factors or in the use of medication.
Potential misclassification of ethnicity is likely to be non-
differential and would have led us to underestimate the
associations. With regards to the reliability of ethnicity,
Sami ethnicity was found to be stable when comparing
information in the 1970 census, that is, language use
in three generations and self-
reported ethnicity, with
corresponding information in SAMINOR 1.50 However,
we do not know if participation differed by ethnicity as
there are no national registries that include this information. Moreover, participants in health surveys tend to be
healthier than the underlying population,51 which can
lead to lower incidence rates.
up, Sami in
In conclusion, over 13 years of follow-
Northern and Mid Norway showed a higher risk of IS
and stroke than non-Sami, and height was identified as
an important intermediate factor, as it explained more of
the excess risk observed in Sami than conventional risk
factors did. Sami and non-Sami participants had similar
risk of AMI, CHD and the composite endpoint (AMI or
stroke).
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