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Ethnicity clusters individuals with shared characteristics and is a common 
variable in epidemiology. Often it is not specified what is meant by a given 
ethnicity or what characteristics ethnicity entails in the different contexts. 
In public health research, ethnicity can be viewed as a non-modifiable risk 
factor of disease because modifying the ethnic composition in a population 
is not meaningful, nor ethical, public health policy. Importantly, ethnicity is 
typically associated with modifiable risk factors that are possible to intervene 
on for improvement of public health, and hence viewed as a risk marker, not 
a risk factor. In the SAMINOR 1 Survey (2003–2004) from Northern and Mid 
Norway, Sami people were on average 6 cm lower than non-Sami people 
that lived in the same rural area. Low height has been associated with a hig-
her risk of coronary heart disease, stroke, and diabetes, lower risk of some 
cancer types, and lower socioeconomic status. This article aims to discuss 
the use and interpretation of ethnicity and height in epidemiologic research 
when comparing Sami to non-Sami populations. Body height is a highly he-
ritable trait in individuals, whereas, at a population level, the average height 
may be a marker of long-term exposure to health and living conditions, and 
hence, a non-modifiable variable for interventions at present. We argue that 
height may be both an important risk factor for chronic lifestyle disease and 
an explanatory variable in studies of chronic lifestyle diseases in Sami vs 
non-Sami populations. For better interpretability of study results, we encou-
rage researchers to express what components or characteristics are assu-
med to comprise Sami ethnicity and height and clarify which variables may 
provide interventions. Furthermore, we urge researchers to be aware of the 
potential for bias when studying health measures influenced by height, such 
as the popular body mass index. 
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Public health and challenges with non-modifiable epidemiological 
variables

Public health is among others the science of preventing disease and monitoring 
and improving the health of populations [1]. Often, it is relevant to disaggregate 
population data on ethnic belonging, as ethnic groups may differ in their distri-
bution of sociocultural determinants of health, e.g., diet, socioeconomic status, 
access to health care, etc. However, in epidemiologic research including ethni-
city as a variable, it is rarely expressed what ethnicity is assumed to comprise 
in terms of sociocultural factors. The use of ethnicity in medical and health re-
search has been criticised as imprecise and vague [2]. An individual’s ethnicity, 
and in particular self-identified ethnicity, is changeable throughout life. Albeit 
being changeable within an individual, ethnicity as a variable in epidemiology 
can be viewed as non-modifiable. The fact that a factor, or social group label, 
changes voluntarily or non-voluntarily in an individual, does not mean that it 
is modifiable from a public health perspective, because changing the ethnic 
composition in a population is not meaningful, nor ethical, public health policy. 
Principally, ethnicity is viewed as a risk marker, not a risk factor, in epidemio-
logy [3]. Hence, ethnicity is rarely a cause of ethnic differences in health outco-
mes, which is why we need to identify the factors related to ethnicity and make 
public health interventions by modifying them.

The fluidity of ethnicity makes it challenging to interpret when included 
in statistical models. It is also challenging to convey meaningful information 
that is useful for public health interventions because we regard ethnicity as 
non-modifiable from a public health perspective. For instance, how can public 
health officials use the information that Sami have a 30% higher risk of cerebral 
stroke? [4]. Researchers usually aim to explain ethnic differences in disease, as 
the explanation of ethnic disparity often is a result of a different distribution of 
known risk factors, both distal and proximal. However, in some cases, explana-
tions for ethnic differences in disease may complicate interpretability further. 
For instance, height explains some of the excess risk of cerebral stroke in Sami 
vs non-Sami [4]. Importantly, because height is yet another non-modifiable risk 
factor at a population level, the public health message is not clear [4]. Neither 
ethnicity nor height can be intervened on to improve the health of people.

Heterogeneity within Sami ethnicity 

To give meaningful interpretations of Sami ethnicity in epidemiologic research, 
it is vital that researchers have an idea about what Sami ethnicity is a marker of, 
i.e., which components comprise Sami ethnicity as a variable. For instance, it 
may comprise exposure from a specific lifestyle, e.g., reindeer herding and tra-
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ditional diet comprising reindeer meat and fatty fish, but only a minute fraction 
of Sami people are involved in traditional reindeer-herding, and there are varia-
tions in diet between and within Sami and non-Sami [5]. Geography and Sami 
ethnicity correlate, and geography correlates with distance to health services 
and higher education. Sami people may be exposed to ethnic discrimination and 
bullying [6], and Sami ethnicity is correlated with lower height [7]. However, all 
these components or characteristics of Sami ethnicity may overlap with non-
Sami and are distributed with variance within the Sami people. Hence, there is 
a potential for heterogeneity of risk within the Sami population. For instance, 
Sami people living in urban cities may have different correlations to the abo-
vementioned components and characteristics than Sami in rural areas, which 
again may differ from reindeer-herding Sami. Importantly, the characteristics 
of Sami ethnicity may vary by time or birth cohort as society changes. Sami 
children growing up in the first half of the 20th Century were sent to boarding 
school as part of the assimilation process [8, 9], and the Sami people have a dif-
ferent status today than during that period [10].

Sami ethnicity may be particularly challenging to use in research as compared 
to other non-indigenous ethnicities, due to the history of unethical racial skull 
measurements [11] and governmental assimilation [9] that stereotyped and stig-
matised the population as inferior to the Norwegian population [11, 12]. There-
fore, researchers that use Sami ethnicity should be careful not to cause further 
harm or stigma of the Sami people or depict Sami ethnicity to be inherently 
inferior or harmful in itself. We acknowledge the ethical challenges attached to 
the use of Sami ethnicity in epidemiologic research; however, in this article, we 
do not discuss these ethical perspectives any further. 

In this article, we aim to discuss the implication and interpretation of ethnici-
ty and height in epidemiologic research where the Sami population is compared 
to the non-Sami population that lives in the same region. We aim for two outco-
mes: 1) a better understanding of the challenges when using non-modifiable and 
multi-dimensional concepts such as Sami ethnicity in epidemiological studies, 
and 2) a discuss the public health challenges that arise from the use of non-
modifiable variables (Sami ethnicity and height). The intention of this article 
is not to be instructive, but to provide some reflections of the interpretation of 
non-modifiable variables such as Sami ethnicity and height, when included in 
statistical models. 

Ethnicity 

Ethnicity has been defined as: “The social group a person belongs to and either 
identifies with or is identified with by others, as a result of a mix of cultural and 
other factors including language, diet, religion, ancestry and physical features 
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traditionally associated with race. All people have an ethnicity—not only mino-
rities”[13]. As such, ethnicity may include several dimensions of human life as 
listed in the definition, including socioeconomic status and culture, where the 
latter have itself many layers [14]. Some of these characteristics may have biolo-
gical implications through their effects on disease and health, making ethnicity 
a relevant and common marker or a proxy variable (i.e., representing something 
else) in modern epidemiology. Ethnicity is not synonymous with race if “race” 
is narrowed down to distinct human genetic clusters, which is controversial and 
scientifically refuted [15, 16]. There is however genetic variation on a continuum 
between and within population groups worldwide [16]. In epidemiology, ethni-
city has surpassed “race” as a label of population group belonging, although 
“race” as a concept is still in use, particularly in the United States, primarily as 
a sociocultural concept [15]. 

Norwegian Sami ethnicity

In 2019, a public health report on data from a random sample of the adult popu-
lation in Troms and Finnmark County in northern Norway (43.5% participation 
rate), showed that approximately 40% had some connection to either Sami or 
Kven ethnicity [17]. Among these, roughly 30% were categorised as Sami, 20% as 
Kven, 16% as both Sami and Kven, and 5% as having Sami speaking grandparents. 
The remaining 25% could not be placed in an ethnic category. This illustrates the 
complicated and mixed composition of ethnicity in this population. Sami and 
non-Sami cannot be viewed as mutually exclusive population groups. Therefore, 
defining ethnicity is no straightforward task. The criteria to the Norwegian Sami 
Parliament electoral roll might also illustrate this: an individual must self-identify 
themselves as Sami, and in addition, must have Sami as the primary language 
spoken at home, or have parents, grandparents, or great grandparents that speak/
spoke Sami, or be a descendant of one that is/was enrolled. In the SAMINOR 
Study, comprising the SAMINOR 1 Survey, the SAMINOR 2 Questionnaire 
Survey, and the SAMINOR 2 Clinical Survey [18-20], information on various 
aspects of ethnicity (language use, ethnic background, self-perceived ethnicity) 
was collected through self-reported questionnaires. In studies using data from 
the SAMINOR Study, participants are typically assigned an ethnicity based on 
replies to the self-reported questions on language use, ethnic background, and 
self-perceived ethnicity. The use of several items in the formal definition of Sami 
ethnic belonging of participants can be justified based on the structural assimila-
tion of the Sami people lasting at least a century. However, which items or aspects 
of ethnicity, i.e., language use, ethnic background, or self-perceived ethnicity, are 
needed to be fulfilled to obtain a given ethnic label differ between studies and 
may be highly dependent on the given research question. The categorisation into 
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ethnic groups is, however, outside the scope of this article. Research shows that 
the choice of criteria for defining Sami ethnicity impacts the final group in terms 
of size, geography, and partly characteristics such as household income and self-
rated health [21]. Evidently, Sami ethnicity is a heterogeneous cluster comprising 
several subgroups with different characteristics. 

Interpretation of the coefficient of ethnicity in statistical models

Sami ethnicity is often used as an exposure variable (independent variable) in 
statistical models. The estimate (often a regression coefficient) in such models 
may be interpreted as the “effect of Sami ethnicity”. However, the “effect of 
Sami ethnicity” is not directly meaningful, as ethnicity is principally used as a 
proxy measure of something else that causes disease. That is, Sami ethnicity is 
itself not a causal factor but associated with factors that are, and hence, Sami 
ethnicity is regarded as an indirect cause of disease. Scholars in the causal infe-
rence field have challenged the idea that there is something inherent with ethni-
city or race that causes disease [22, 23]. Only in very special circumstances, it 
is relevant to refer to the “effect of ethnicity”, e.g., in experimental studies that 
randomise  by ethnic belonging. For instance, in job application studies it is pos-
sible to randomise participants to either having a Sami or a non-Sami-sounding 
name, to estimate the effect of Sami ethnicity on an initial job application, i.e., 
number of positive responses.

In studies using statistical modelling, ethnic groups are compared based on 
the idea of a counterfactual. This offers a conceptual idea of what would have 
happened if all study participants with Sami ethnicity did not have Sami ethni-
city. This is parallel to a randomised controlled trial, where different outcomes 
can be attributed to the different interventions. However, the counterfactual 
imagination of a different outcome might only be meaningful in circumstances 
where an intervention can be specified [23]. Regarding Sami ethnicity, this is a 
variable that is not meaningful to intervene on from a public health perspective 
because 1) it is unethical, and 2) it is rarely that ethnicity itself causes disparity, 
but rather related modifiable risk factors at the individual (e.g. level of physical 
activity, smoking status, dietary habits) and/or societal level (e.g. socioeconomic 
status, access to health care).

The counterfactual of a treatment A is to not have treatment A (it is not to 
have treatment B). Ethnicity does not have a counterfactual, technically spea-
king, as all individuals have an ethnicity. In the given context, those that do not 
have Sami ethnicity, have other ethnicity/-ies, which can be termed non-Sami, 
Norwegian, Kven, or even mixed, and differ in some aspects from the Sami. 
Similarly, the counterfactual to female sex is, technically, not having female sex. 
However, the “opposite” of the female sex is the male sex, which is technically 
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different from “not having female sex”. Hence, both ethnicity and sex do not 
have counterfactuals per se, but rather have different levels within that category, 
which are then compared against each other. Therefore, the interpretation of 
ethnicity, or sex, in a statistical model is the effect or difference in an outcome 
if the group with Sami ethnicity had non-Sami ethnicity (or e.g., if women were 
men). To clarify, it would not be the effect or difference in an outcome if the 
group with Sami ethnicity had removed their Sami ethnicity. The conceptual 
difference is subtle, but important. Moreover, in statistical modelling, the Sami 
category might be viewed as “the exposed”, whereas the comparison group, 
often the non-Sami, is viewed as “the unexposed”. Using counterfactual con-
ceptual thinking may thus tacitly encourage ideas of ethnicity as something that 
is modifiable, possible to intervene upon, or removable. Furthermore, it may 
depict Sami ethnicity as being inferior, or that there is something harmful with 
being affiliated with  the Sami community. Because the conceptual ideas and 
semantics used in statistical models might be less suitable for non-modifiable 
variables such as Sami ethnicity, careful interpretation is needed.

In their article “On the causal interpretation of race in regressions adjusting 
for confounding and mediating variables”, VanderWeele and Robinson [23] sug-
gest using either a strong or a weak interpretation of ethnicity in regression 
models, of which neither expects a counterfactual to ethnicity nor an “effect 
of ethnicity”. The strong interpretation requires several assumptions to hold, 
whereas the weak interpretation requires fewer assumptions [23]. 

Weak interpretation of ethnicity

The weaker interpretation of the coefficient of ethnicity in a statistical model is 
described as the observed health disparity or ethnic difference in an outcome 
(dependent variable), without further explanation of the coefficient of ethni-
city itself [23]. Instead, explanatory variables included in the model are given 
more attention. The weaker interpretation of the ethnicity coefficient (e.g., Sami 
ethnicity) may be interpreted as the remaining ethnic difference given that the 
explanatory variable(s) is equalised across the comparison groups (e.g, between 
Sami and non-Sami). As such, the concept of ethnicity (e.g., Sami ethnicity) per-
sists as an umbrella term for various characteristics that are not described (e.g., 
culture, discrimination, etc.), whereas the explanatory variables entail possible 
interventions (e.g., diet, access to health care, etc.). Importantly, this interpre-
tation presumes that the explanatory variable(s) included in statistical models 
can be manipulated, as ethnicity (e.g., Sami ethnicity) is something that is not 
meaningful nor ethical to modify. Rather than focusing on ethnicity,  attention 
should be given to the explanatory variables included in the analyses or be iden-
tified by directed acyclic graph (DAG). 
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Strong interpretation of ethnicity

VanderWeele and Robinson’s stronger interpretation of the coefficient of ethni-
city is related to causality as opposed to the weak interpretation [23]. This in-
terpretation requires several assumptions to be true, and ideally, researchers 
should draw these assumptions using DAG methodology [24]. Put simply, DAG 
methodology utilises expert knowledge on relationships between variables. 
That is, the relationships between ethnicity (e.g., Sami ethnicity), including the 
various characteristics that are attached to ethnicity (e.g., culture, lifestyle, die-
tary habits, and socioeconomic status), and the outcome, should be visualised, 
including direct and indirect effects, and possible backdoor pathways. From a 
set of mathematical rules, the DAG determines which variables should be ad-
justed for to obtain unbiased estimates [24]. Using DAGs, the direct effect of, 
e.g., Sami ethnicity, is the estimate of the relationship between Sami ethnicity 
and the outcome that is not mediated through other variables, e.g., lifestyle, 
dietary habits, and socioeconomic status. The indirect effect of Sami ethnicity 
in DAGs is the estimated effect of the relationship mediated through mediators, 
and the total effect is the sum of the direct and the indirect effects (figure 1). 
Note that a thorough explanation of DAG concepts is not the aim of this article, 
and the reader is referred to other sources [24]. 

The strong interpretation of the coefficient of Sami ethnicity in a causal mo-
del requires a clear, well-defined, and explicit definition of the various characte-
ristics that comprise, or at least are associated with, Sami ethnicity in the given 
context. It also requires valid data on the various characteristics. Using examp-
les from population surveys in the U.S., VanderWeele and Robinson suggest 
that the characteristics of e.g., black ethnicity could be the joint effects of cul-
ture, dietary habits, skin colour, history (e.g., assimilation), genetic background, 
and exposure to racism, wherefrom it is possible to decompose the total joint 
effect of ethnicity into direct and indirect effects. Using such causal diagrams, 
it is possible to estimate how much of the effect of ethnicity is due to one of the 
components constituting ethnicity, for instance, dietary habits [23]. 

In epidemiologic research on the Sami people, a clarification of the various 
characteristics of Sami ethnicity might also offer insight into specifically whom 
within the Sami community the “effect of Sami ethnicity” is relevant for, and 
what assumptions are required to hold, ideally specified in a DAG. If ethnicity 
is not well-defined in terms of its characteristics, then the interpretation and re-
porting of the public health messages may be challenging. Importantly, because 
Sami ethnicity is non-modifiable from a public health perspective, such causal 
modelling may provide useful information on modifiable risk factors (e.g., li-
festyle, dietary habits, socioeconomic status).
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Another key point is that interpretation of ethnic differences may become even 
more complicated if the explanatory variable - for instance height - is a marker 
or proxy variable that is not clearly defined.
 Adult height is a stable and well-defined variable at an individual level, but at 
the population level, it might be a marker or proxy variable of the living condi-
tions this population has had over time [25-27]. If neither height nor ethnicity is 
modifiable from a public health perspective, these findings fail to guide public 
health officials and health professionals.

Figure 1, panel A shows a DAG that illustrates how the suggested relationship 
between ethnicity and incidence of cerebral stroke was modelled in the paper 
by Siri et al., wherein conventional risk factors and height were the explanatory 
variables. [4]. Figure 1, panel B builds on the DAG in Figure 1A and has added 
complexity regarding the causal relationships. This more complex DAG inclu-
des variables we cannot adjust for because they have not been identified (e.g., 
unmeasured mediators) or are difficult to measure (e.g., history). Hence, the ”ef-
fect” of these variables are all included in the umbrella term ethnicity.
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Figure 1. A simplified DAG of the suggested causal relationships in the paper by Siri et al. [4]. 
E = ethnicity, R = conventional cardiovascular risk factors, He = height, D = cerebral stroke, U 
= unmeasured mediators, Hi = history.  
Panel A: Sami vs non-Sami ethnicity (E) had a hazard ratio (HR) of 1.31 for incidence of cerebral 
stroke (D). Adjustment for the mediator height (He) attenuated this HR to 1.18, and hence explai-
ned some of the excess hazard of cerebral stroke in Sami. Additional adjustment for conventional 
cardiovascular risk factors changed the HR to 1.19 and hence did not illuminate the excess hazard 
any further. Note that the HR of 1.31 refers to the total effect of ethnicity, whereas the adjusted 
HR of 1.19 refers to the direct effect of ethnicity. ”Effect” refers to the difference in cerebral stroke 
incidence between Sami and non-Sami.
Panel B: Principally, ethnicity (E) is not viewed as a cause of disease. Rather, the adjusted HR 
of 1.19 is thought to be mediated through unmeasured mediators (U). The adjusted HR of 1.19 
could also be confounded by unmeasured historical events (Hi), which may both affect ethnicity 
(E) and incidence of cerebral stroke (D). The adjusted HR of 1.19 may also be due to residual 
confounding, as the authors suggest. 
The figure was made using the open software at www.dagitty.net by Textor et al.

In the next paragraphs, we make an effort to explain the implication and inter-
pretation of height as an explanatory factor when interpreting epidemiological 
findings for Sami ethnicity. 

Height

Average population height differs substantially across the world: the highest 
statures are found among European populations and the lowest among South/
Central-American and Asian populations [28]. Height is a phenotype that is a 
highly heritable trait and a polygenetic trait, which means that it is determined 
by a combination of many genetic loci that each has a small effect [25]. Individu-
als inherit a genetic height potential, but whether the height potential is reached 
is partly dependent on environmental factors. Environmental factors during 
growth periods in childhood (i.e., below the age of 2 years) are crucial for va-
riations in individual height [25-27]. Environmental factors that influence the 
final attained height include various nutritional factors, persistent infections, 
chronic diseases, use of medications, psychosocial stress, toxicants, and physical 
environment, wherein nutrition and disease are the most pervasive factors [29]. 
These factors are associated with social, cultural, political, and economic condi-
tions [25, 26], and become markers or proxy measures of childhood social and 
economic conditions [27]. 

Sami ethnicity and height

In Norway, the Sami population has on average lower height than non-Sami 
[30], and this has also been observed in Finland and Sweden [31, 32]. In 1974–
1975, the height difference between “Norse” and “Lappish” in Finnmark Coun-
ty was approximately 9 cm in men and 8 cm in women [7, 30]. In 2003–2004, 
the height difference between Sami and non-Sami in 24 rural municipalities 

http://www.dagitty.net
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in Northern and Mid-Norway was approximately 6 cm in both sexes [4, 33]. 
In 2012–2014, the height difference between Sami and non-Sami in 10 mu-
nicipalities in Northern Norway was approximately 5 cm in both [34]. These 
figures indicate that the average height difference has diminished over time, 
but comparisons must be made with caution due to different geographical areas 
included in the sampling and variations in definitions of Sami ethnicity. 

Several articles have discussed or included height in the context of differences 
in various health measures between Sami and non-Sami, e.g., cerebral stroke [4, 
7], diabetes mellitus [34], and obesity [33]. In a 13-year follow-up study, using data 
from the SAMINOR 1 Survey (2003–2004) conducted in Northern and Mid-
Norway, it was found that Sami had a higher incidence of stroke than non-Sami, 
and that height explained more of the excess risk than conventional cardiovascu-
lar risk factors did [4]. This supports previous findings by Njølstad et al.[7]. 

In a study comparing levels of various metabolic markers (e.g., triglycerides, 
glucose, blood pressure) at the same values of various obesity measures (e.g., 
BMI and waist circumference) in Sami and non-Sami, some ethnic differen-
ces were found after adjusting for lifestyle and prescribed drug use [33]. This 
marginal difference disappeared after adjusting for height. Moreover, the last 
author of this article recently showed that BMI comparisons in Sami and non-
Sami may be invalid due to the negative correlation between BMI and height 
(published in this journal and issue). That is, even though the formula for BMI 
incorporates height (i.e., weight in kilograms divided by height in metres2), there 
is a residual small negative correlation between BMI and height, which biases 
comparisons in groups that differ markedly in average height. These results 
also show that when correctly adjusting the BMI formula for height, there are 
no differences in obesity between Sami and non-Sami. This is potentially an 
important finding, as previous research has declared higher obesity prevalence 
in Sami vs non-Sami [5, 35].

The observation that height differences explain ethnic disparities between 
Sami and non-Sami, has been challenging to explain because it has not been 
clearly specified what Sami ethnicity and height represent in the different stu-
dies. What does it mean that height “explains” excess disease risk? Principally, 
height is both a risk factor for disease independent of ethnic belonging (i.e., in 
both Sami and non-Sami) and an explanatory factor for differences in disease 
rates between ethnic groups. From a life course perspective, height might be re-
garded as an intermediate variable between Sami ethnicity and the outcome that 
is by itself influenced by the historical, social, and political circumstances during 
childhood. When viewed as a risk factor for disease, height could be a marker 
of other exposures that cause disease, e.g., environmental and socioeconomic 
exposures [29], or genetic traits [36]. Height could also be a cause of disease 
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directly through some biological pathways [37, 38]. Importantly, it is unknown 
how and why height correlates with Sami ethnicity, a primarily sociocultural 
construct, and the implication of this in epidemiology. Because adult height is a 
non-modifiable risk factor, it is of limited use in public health. Efforts should be 
made to understand why adult height is an explanatory variable of ethnic health 
differences and the public health implication of this.

Concluding remarks

Sami ethnicity may be referred to as the black box in epidemiologic research 
unless it is clearly defined what Sami ethnicity entails, or what explanatory fac-
tors or markers of these, are causing differences in health parameters between 
Sami and the comparison group. In this article, we have argued that for better 
interpretability of study results, researchers should aim to express which com-
ponents or characteristics are assumed to comprise Sami ethnicity. Moreover, a 
large body of literature shows that low height is associated with Sami ethnicity, 
and that low height is both an important risk factor and an explanatory variable 
in studies of chronic lifestyle diseases in Sami vs non-Sami populations. Howe-
ver, similar to ethnicity, height is a non-modifiable variable that ideally should 
be dissected further to produce meaningful results for public health. Because 
height differs, on average, in Sami and non-Sami, we have argued that resear-
chers need to be aware of the potential for bias when studying health measures 
influenced by height, such as the popular body mass index. 
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