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A B S T R A C T  

Purpose: High dietary salt intake is associated with increased blood pressure (BP) and 

cardiovascular disease (CVD) risk. The migration of Somalis from East-Africa to Norway 

may have altered their dietary habits, making them vulnerable to adverse health outcomes.  

Since little is known about the lifestyle and health status of this population, the purpose of 

our study was to estimate salt intake in Somali adults in Oslo, Norway.  

Methods: A cross-sectional study involving 162 Somali adults (76 men, 86 women) from the 

Sagene borough in Oslo, Norway. Sodium and potassium excretion was assessed through 

the collection of 24-hour urine. Creatinine-based exclusions were made to ensure 

completeness of urine collections.  

Results: Sodium excretion corresponded to estimated dietary salt intake of 8.66 ± 3.33 g/24 

h in men and 7.28 ± 3.59 g/24 h in women (p = 0.013).  An estimated 72% of participants 

consumed > 5 g salt/day.  The Na/K ratio was 2.5 ± 1.2 in men and 2.4 ± 1.1 in women (p = 

0.67). 

Conclusions: Estimated salt intake was, while above the WHO recommendation, within the 

lower range of estimated salt intakes globally and in Western Europe. Further research is 

required to assess the health benefits of sodium reduction in this Somali immigrant 

population 
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1 .  I N T R O D U C T I O N  

Sodium chloride (NaCl), more commonly known as salt, is an essential compound for 

human life. Salt is critical for nerve and muscle function as well as for regulating body 

fluids. It plays a role in the mechanisms maintaining blood volume, blood pressure (BP), and 

pH balance. Salt uptake occurs through dietary consumption, where approximately every 

2.54g of salt consumed yields 1g of sodium. Once salt is dissolved in the body, sodium acts 

as a major serum cation in the body’s extra-cellular fluid (ECF), establishing 

electrochemical gradients across membranes to move water and other ions around, out, and 

into the body. We cannot live without salt – nor, it seems, can we live with too much of it.  

Salt is thought to have long-term health consequences when consumed in large amounts, 

over a long period of time. It is considered a major risk factor for hypertension (1), placing 

elevated strain on the heart and blood vessels. Hypertension has, consequently, been the 

leading risk factor for cardiovascular disease (CVD), death, and disability over the past 

quarter century worldwide (2). The burden of hypertension and CVD has further stimulated 

research on understanding salt and its health outcomes as well as public health campaigns 

aimed at monitoring, evaluating, and reducing salt intake.  

This thesis reports on a cross-sectional study that was conducted between December 2015 

and October 2016. It aims to estimate salt intake among Somali adults in the Sagene district 

of Oslo, Norway using one-time 24-hour urine collection. The assessment of 24-hour 

urinary excretion is the gold standard method for estimating sodium intake. In addition to 

fulfilling the main aim, this thesis secondarily estimates potassium intake and the sodium-to-

potassium (Na/K) intake ratio. It also models the association between socio-demographic 

background variables and 24-hour sodium excretion. As is standard practice among studies 

such as this (3-6), the association between BP and 24-hour urinary sodium and potassium 

excretion will additionally be assessed. 

It is important to note that the focus of this thesis is not on the relations between salt intake, 

BP, and/or CVD. Adequate assessment requires longitudinal design, very large sample size, 

and/or multiple 24-hour urine collections, which are outside the scope of a Master’s project. 
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Providing high quality data to estimate salt intake in an individual population is what can 

feasibly be achieved – still beneficial to the scientific community and public health as we 

work towards improving health and achieving health equity for minority populations.  

This thesis is will first provide a background context through a literature review, followed 

by a rationale and the aims and objectives of the study. Then, the methods used to carry out 

the study will be presented along with methodological considerations. The associated article 

manuscript lies in Appendix, where the results, discussion, and conclusion of the study can 

be found.  
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2 .  L I T E R A T U R E  R E V I E W  

This chapter aims to provide a comprehensive report of the already-established sphere of 

knowledge relevant to the study.  This literature review is organized into themed sub-

sections which highlight the strengths, weaknesses, and gaps of current knowledge, theories, 

and hypotheses surrounding salt consumption as it relates to: adult salt intake, health 

outcomes, immigrant health, health among Somalis in Norway, dietary acculturation, and 

methods for its estimation.   

 

The literature search itself was conducted primarily through PubMed Central


, Ovid 

EMBASE


, and Cochrane Library (Wiley Online Library


).  The United Nations Refugee 

Agency (UNHCR), the Oslo Municipality Statistics Bank and Statistics Norway (SSB) also 

provided informative statistical data, beneficial for understanding the Somali context inside 

and outside of Norway. The literature search was last updated on 28 April 2018. A literature 

search flow chart can be found in Appendix A. 

 

The terms salt and sodium are used interchangeably (although, specifically when referring to 

measurements), according to that used in the literature being addressed.  For all intents and 

purposes, they are equivalent – salt being the form sodium is consumed in, holding dietary 

relevance, and sodium being the physiologically significant component of salt, thought to 

induce health effects. It is the element excreted in the urine which can be used to estimate 

sodium (and thus, salt) intake.    

2.1 Salt in health and disease 

2.1.1  Salt in human physiology 

As one of the most abundant cations in the human body, sodium plays a central role in a 

number of vital functions. Nervous system signalling is allowed by the presence of sodium 

in the ECF to carry out action potentials, facilitating brain function and muscle function. The 

role of salt in the regulation of ECF osmolality, blood volume, and thus BP is primarily 
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achieved through the renal system. Renal regulation of sodium concentration in the ECF is 

critical for the maintenance of arterial BP.  An individual’s uptake of sodium into the 

bloodstream will almost always differ strikingly from hour to hour based on diet. However, 

the ECF concentration of sodium remains within a remarkably narrow range and must do so 

to maintain vital homeostasis (7).  This places a great deal of responsibility on the kidneys to 

appropriately filter or retain sodium and/or water from the blood to maintain body fluid 

volume, and thus BP at every moment, irrespective of sodium or water consumption.  The 

filtrate of this process is urine. (8) 

The kidneys operate under the Renin-Angiotensin-Aldosterone System (RAAS) – a 

hormonal network, which forms a negative feedback loop to decrease BP when certain 

thresholds of sodium concentration and fluid volume are reached. At the lower levels of salt 

intake or detected low BP, healthy kidneys will reabsorb sodium and water to increase blood 

plasma osmolality, which result in water movement into the blood vessels to increase blood 

volume and BP. However, at the extreme highs of salt intake, normal kidneys excrete large 

amounts of sodium in the urine to prevent water retention in the blood vessels (8). 

2.1.2  Recommended salt intake  

Although sodium is an essential dietary mineral, there is no defined minimum requirement – 

a unique quality among all other essential minerals. The minimum amount of salt intake 

required per day is likely to differ between populations due to population/individual 

characteristics (background diet, level of physical activity, genetics) and geographical 

characteristics (climate and altitude) (9).  While it is still possible for humans to consume 

dangerously low amounts of salt, the practical significance of such a guideline has generally 

been deemed unnecessary. The accessibility to salt used in home-cooking, in processed 

foods, and in restaurant foods is universal, with the exception of few ‘unglobalized’ 

populations, constituting less than 0.1% of the human population (10). As such, most agree 

there is virtually no risk of consuming too little salt (11).  

 

The limit of interest, for effectively every existing public health institution, is the maximum 

salt recommendation. While the WHO carries the most well-known guideline, several other 
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more regional recommendations exist and provide a foundation for more local salt reduction 

campaigns. Table 1 displays some of the current salt recommendations. There is wide 

variation, indicative of a level of non-consensus. However, all recommendations are far 

lower than current salt intake in most populations (12).  

 
Table 1. International and national salt intake recommendations for adults  

2.1.3  The blood pressure response to salt    

2.1.3.1 Defining blood pressure 

The pressure exerted by circulating blood on the internal walls of the blood vessels is known 

as BP. Pressure changes drastically throughout the cardiac cycle. Therefore, BP is given the 

operational definition of systolic BP (SBP) over diastolic BP (DBP) – SBP being the 

maximum pressure in the blood stream occurring immediately after contraction of the heart 

ventricles (systole) and DBP being the lowest pressure in the blood stream occurring during 

heart filling and ventricular relaxation (diastole). Normal, healthy blood pressure is 

considered to be 120/80 mm Hg (8).  

In a healthy person, BP is under tight physiological control. As described above, renal 

function plays a major role in short-term regulation by maintaining the delicate salt and 

water balance. Baroreceptor reflexes also detect changes in BP which can adjust the force 

and speed of heart contractions, signal to alter vascular tone, and signal to up- or down-

Institution Maximum recommended (g/day) 

World Health Organization (WHO) (11) 5 

American Heart Association (AHA) (13) 3.8 

Centre for Disease Control (CDC) (14) 5.8 

Nordic Nutritional Recommendations (NNR) (15) 6* 

Norwegian Health Directorate (16) 5 

*Proposed target for Nordic population sodium reduction  
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regulate the RAAS involved in renal function. Regulation of these processes can keep BP 

stable from a second to second basis (8).  

2.1.3.2 Defining hypertension and its global significance 

Hypertension is clinically defined as BP exceeding 140 mm Hg in SBP and/or 90 mm Hg in 

DBP (8). Hypertension increases the risk of vascular complications, thus leading to CVD 

such as stroke, ischemic heart disease, myocardial infarction, and heart failure as well as 

kidney disease (2, 8). According to the Global Burden of Disease Study 2015, hypertension 

has been the leading cause of premature death and disability over the past quarter century (1) 

and is the leading risk factor for CVD, which is responsible for one third of all global deaths 

(2). In a comprehensive review, the global age-standardized prevalence of hypertension was 

estimated to be 31.1% in 2010 (17).  

Hypertension has, historically, been considered to only affect populations in High-Income 

Countries (HICs) due to sedentary lifestyles and affordable access to foods high in salt and 

empty calories. Today however, the burden of hypertension is greatest in low- and middle-

income countries (LMICs) (17). In Africa, the prevalence of hypertension varies across 

studied populations. It is thought to be related to a rapid increase in development, 

differences in urban and rural lifestyles, and different diets, among others (18, 19). There is 

currently no reliable estimate for the prevalence of hypertension among the Somali 

population. 

The level of salt intake is considered by many to be the leading modifiable risk factor for 

hypertension (10, 20, 21). Other prominent modifiable risk factors for hypertension include 

tobacco use, low physical activity, heavy alcohol consumption, and low potassium intake 

(WHO, 2013).  

2.1.3.3 Pathogenesis for sodium-induced hypertension 

The scientific community is in general agreement that the body’s tightly regulated 

BP system and strong appetite for salt is indicative of a long-conserved adaptation to 

retain sodium (7, 22). Despite wide acceptance of the salt-BP relationship, the 

precise mechanisms underlying the relationship between sodium and BP remain 
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somewhat unclear.  However, over the past 25 years many ground-breaking studies 

have begun to elucidate a newly discovered endocrine system involving the central 

nervous system (CNS) and its effect on cardiovascular, renal, and brain function with 

implications for the development of hypertension. The focus and scope of this 

Master’s thesis does not allow for us to delve into its details. In short, several studies 

have found that the CNS houses a hormonal network responsible for the chronic 

increase in BP (7, 23, 24). Blaustein et al. (7) describe this as a “slow neuro-

modulatory pathway”, termed the ‘Aldosterone-Endogeous Ouabain-Angiotensin II’ 

(Aldo-EO-Ang II) pathway, and it is critical for the development of salt-induced 

hypertension (7). The BP set-point, known as the central barostat, is regulated by the 

CNS and modulated by the Aldo-EO-Ang II pathway, leading to a realignment of the 

BP set point at high sodium intake (24). 

Ang II and aldosterone also seem to upregulate the local (hypothalamic) production of the 

steroid, endogenous ouabain (EO) (25).  This hormone has been shown to have high affinity 

for an inhibitory receptor on Na/K-ATPase transport pumps, preventing the transport of 

sodium out of the CSF, thus maintaining high sodium concentration there. It also acts on the 

calcium signalling, leading to further elevation of BP (26).  

Pathophysiological mechanisms for the development of salt-induced hypertension remain in 

its early stages. Overall, modulatory peripheral and CNS control appear capable of altering 

the body’s carefully regulated BP set-point, which in normotensive (i.e. normal BP) humans 

is kept in check by the acute systems (7).  

2.1.3.1 Epidemiology of sodium-induced hypertension  

Epidemiological evidence for the relationship between BP and estimated salt intake can be 

divided into two main types: 1) Evidence for an association in observational cross-sectional 

or prospective studies; 2) Evidence of BP changes when salt intake is actively reduced (i.e. 

effects measured from a sodium reduction intervention). In general, studies demonstrate a 

weak, but significantly positive association between BP and salt intake in the general 

population (10, 20, 27). However, the associations are non-homogeneous across subgroups, 

including ethnicity, age, grade of estimated sodium intake, and health status (20, 27, 28).  
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The INTERSALT study was the first, large-scale epidemiological study to measure the 

association between sodium and BP in several populations worldwide (10). Published in 

1988, they included 52 populations from 32 countries (n=10 079). INTERSALT found a 

significant and positive adjusted association between estimated sodium intake and SBP from 

pooled results between all 52 populations, revealing increased SBP of 1.22 mmHg for 1 

gram/day increase in salt intake. Within-population adjusted analyses revealed significant 

positive associations between sodium intake and BP in 8 of the 52 centres, 25 centres with 

positive associations not reaching significance, and 2 centres reporting a statistically 

significant negative association. The associations for pooled and within-population analyses 

were adjusted for age, sex, body mass index (BMI), and alcohol consumption. They also 

reported that age-related increases of BP became significantly steeper with increased sodium 

excretion.  

Results from INTERSALT have been heavily criticized for ecological fallacy, prone to 

confounding bias, and improper statistical methods (29, 30). When four out of the 52 centres 

were removed, which many considered to be outlier populations, the result was weakened to 

0.48 mmHg increase in SBP for every 1 g/day increase in salt intake (31). These four centres 

represented four ‘un-globalized’ populations that had extremely low salt and alcohol intake, 

low body weight and BP.  

The Prospective Urban and Rural Epidemiological (PURE) Study (n=102 216) is the second 

and most recent large-scale epidemiology study to estimate the association between salt 

intake and BP (27). The study was conducted between 2002 and 2009 in 18 different 

countries. The results from PURE supported findings from INTERSALT, revealing a 

significant positive association between estimated sodium intake and BP, with steeper 

association for increased age. The overall association in PURE was much steeper compared 

to INTERSALT. Additionally, PURE found hypertensive individuals had greater increases 

in BP for each 1 gram increment of estimated sodium intake compared to normotensive 

individuals.  

Although on a smaller scale, Stolarz-Strzypek et al. (32) produced the first longitudinal 

study examining the association between BP and estimated salt intake, based on two 

prospective studies on white-Europeans (total n=4 547). After 6.1 years follow-up, changes 
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in SBP were positively and significantly related to changes in estimated sodium intake(1.7 

mmHg for every 100 mmol increase in sodium (CI: 0.7, 2.6))  

In a recent 2017-updated Cochrane Review, Graudal et al. (28) estimated the BP effect of 

high vs. low sodium intake in randomized control trials on hypertensive and normotensive 

samples (RCTs). They reported a significant, positive relationship between BP and salt 

intake and a steeper slope of association in hypertensives, supporting PURE and 

INTERSALT results. The authors also found the effect was greater in black and Asian 

populations. However, there few studies on racial minorities available for inclusion (28). 

Several publications have criticized the used of short-term RCTs (32, 33), such as in Graudal 

et al. (34), to extrapolate lasting BP changes. In a second Cochrane Review, He et al. (20) 

found longer term modest salt reduction resulted in significantly decreased BP. Again, 

hypertensives and ‘non-whites’ experienced a stronger association than normotensives (20).   

2.1.4  Health outcomes from high sodium intake  

Although hypertension is the leading risk factor for CVD, recent and ongoing scientific 

controversy has not been able to robustly conclude that increased salt intake is associated 

with CVD events. Several recent meta-analyses have reported no evidence or 

inconclusiveness of decreased risk of CVD events and/or mortality due to salt reduction 

from cohort studies and RCTs (35-37). Interestingly, this includes the WHO report in which 

they conducted their own meta-analyses, which was used as justification for their salt 

recommendation (11). Only one large-scale study by Strazzullo et al. (36) – a meta-analysis 

– found a significant association between sodium intake and stroke (36). 

The PURE study identified evidence that the risk for CVD and mortality (just as 

demonstrated with BP) differs between normotensives and hypertensives, with 

hypertensives demonstrating a stronger association with health outcomes (33, 38). They also 

found evidence that low (< 7.62 g/day) and high (> 15.23 g/day) salt intake was associated 

with increased CVD events and mortality (33, 38).  Due to the implications of these recent 

studies challenging this relationship so deeply rooted in public health, further research is 

required to establish consensus across various stakeholder parties. 
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Although less studied, there is some evidence that salt intake is related to other the onset of 

other non-communicable diseases (NCDs), such as kidney disease (39), gastric cancer (40), 

and osteoporosis (41). Additionally, in a meta-analysis conducted in 2017, Moosavian et al. 

(42) reported that high salt intake was associated with increased BMI and waist 

circumference (both indicators for obesity). However these studies were not especially 

conclusive.   

2.1.5  Salt sensitivity  

Part of the difficulty in establishing a safe range of salt intake for the general public is the 

marked heterogeneity of the BP response to salt intake. Some individuals manifest large 

changes in BP in response to altered dietary salt – termed salt sensitive – while others show 

no variation in BP, termed salt resistant (43). Salt sensitivity is estimated to be present in 

51% of hypertensives and 26% of normotensives, explaining the greater response to higher 

salt intake in hypertensives (44). It appears to represent a complex interaction of genetic and 

environmental factors which, independently of altered salt intake, can control susceptibility 

for BP changes and cardiovascular health (45).  

There is growing evidence that genetic mechanisms underlying the BP response to salt are 

critical for salt sensitivity (45). To be brief, the presence of alleles that code for protein 

factors directly and indirectly involving salt transport across cell membranes – such as 

sodium and potassium channels and enzymes – appear to alter the extent of salt and water 

retention as well as arterial compliance (43, 45, 46). It thus lends the argument that certain 

ethnic groups that share a similar gene pool may present greater salt sensitivity than others 

(47). However importantly, phenotypic expression of the allele is often altered by 

environmental factors.  

Little is known about salt sensitivity in the Somali population, residing in the Horn of Africa 

or elsewhere. Only one study was found in the literature search, which reported that Somalis 

exhibited a less efficient baroreceptor reflex compared to “whites” (unknown ethnicity) 

when on a high compared to a low salt diet (48). The authors state this result indicates 

“blacks” are slower to decrease BP to normal levels when subjected to high blood volume. 

However, there were several problematic aspects of this study. Firstly, it was based on a 
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very small sample (20 individuals; 10 Somalis and 10 “whites”). Secondly, long-term effects 

on BP are unknown since the participants were only followed for seven days on the high and 

low salt diet. Thirdly, the term “black” was used to generalize results. However, this is 

misleading, as “black” is not an ethnic group and race has little genetic foundation – 

especially among people of African origin.   

The majority of the research on African populations has been conducted on African 

Americans. While there is evidence they are more salt sensitive than other groups (49) the 

African American gene pool is a unique subset of a native Western African gene pool. 

Therefore, results should not be generalized to other African populations.  

Diet quality is a key modifiable risk factor for salt sensitivity. The Dietary Approaches to 

Stop Hypertension (DASH) diet was introduced in 1995 and involves the consumption 

several portions of fruits, vegetables, and low-fat dairy products daily (50). The DASH diet 

was used in a large RCT (n=456) and found that those who adhered to the DASH diet were 

less salt-sensitive compared to those on a control diet. The DASH diet is considered to be a 

high-quality diet in general due to the concentration of appropriate nutrients, such as 

potassium. Potassium, has over the past two decades, been shown to have an especially 

strong relationship to salt-sensitivity  

2.1.6  Potassium  

Potassium, also an essential dietary mineral, is the most abundant cation in the ECF (8). 

Along with sodium, it is involved in maintaining osmolality of blood plasma, cells, and the 

ECF and in the excitability of axon potentials. Significantly, dietary potassium can exert a 

dose-dependent effect on sodium sensitivity (46, 49, 51). It has shown to have moderate BP 

lowering effects independently and by decreasing sensitivity to salt, as reported by 

INTERSALT (10) and the PURE study (27). Authors involved in the PURE study also 

reported estimated potassium intake of over 1.50 g/day was associated with a significant 

reduction in the risk of mortality and CVD events (38). In a systematic review conducted in 

2011 on the effect of increased potassium intake on cardiovascular risk factors, the authors 

reported that, in addition to reducing BP, higher dietary potassium had a significant inverse 

relationship with incidence of stroke (52). On the basis of the evidence provided by this 
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analysis, the WHO established its first guideline for potassium intake in 2012, 

recommending adults consume over 90 mmol/day (equivalent to 3.51 g/day) (53).  

 

Estimating the sodium-to-potassium (Na/K) ratio in studies has become routine due to their 

opposing relationship to BP changes and the ability to easily estimate the intake of both 

electrolytes when employing a urinary excretion method. Diets based on processed foods 

tend to be sodium-rich and potassium poor (high Na/K ratio), whereas diets based on high 

fruit and vegetable intake tend to be potassium-rich and sodium-poor (low Na/K ratio) (46). 

2.2 Salt intake 

2.2.1  Global status  

Quantification of global, regional, and national levels of dietary salt intake has been a 

cornerstone for the monitoring and implementation of salt reduction interventions – a 

priority for major global and national organizations to reduce the burden of non-

communicable disease (54, 55). In the majority of literature estimating salt intake in various 

populations, salt intake status is compared to the guideline administered by the WHO in 

2012 (11), recommending an upper limit of five grams of salt intake per day. However, other 

more regional guidelines do exist (see Table 1). 

The most recent systematic analysis of global salt intake was conducted as part of the Global 

Burden of Disease (GBD), Injuries, and Risk Factors Study 2010 collection. According to 

the GBD 2010, global mean sodium intake was 3.95 g/day. However the range of sodium 

intakes varied substantially across populations globally – from 1.48 g/day in Kenya to 5.63 

g/day in Uzbekistan, corresponding to 3.63 and 14.3 grams of salt/day, respectively (12). 

The lowest average salt intake was found in populations in Sub-Saharan Africa, Latin 

America, and the Caribbean (12). Wide variation in sodium intake, with relatively low 

uncertainty was identified in Western Europe – ranging from 3.28 (2.99, 3.59) g/day in 

Denmark to 4.43 (4.23, 4.62) in Italy, whereas the highest intake was found in Asian 

populations (5.11 g/day) (12). In all regions, sodium intake was modestly higher for men 

compared to women, in the range of 8.9% higher in South Asia to 10.7% higher in Western 
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Europe. Age differences in sodium intake were small – around a 6% increase from age 25-

29 to 40-44, and plateauing subsequently (12).  

2.2.2  Salt status in sub-Saharan Africa  

In the literature search for estimates of salt intake among populations in sub-Saharan Africa, 

two systematic reviews were identified as relevant, including the GBD 2010 (12). The GBD 

2010 estimated sodium intake of 2.47 g/day, corresponding to 6.27 g/day of salt, in sub-

Saharan Africa, based on 20 studies. Compared to other regions, the estimate from sub-

Saharan Africa had the fewest data points, resulting in high uncertainty. Findings ranged 

from 2.18 (2.05-2.32) in Eastern sub-Saharan Africa to 2.76 (2.58-2.95) in Western sub-

Saharan Africa (12). 

The second relevant source found was a systematic review and meta-regression of salt intake 

estimates in sub-Saharan Africa was published in 2016 by Oyebode et al. (56). They found 

there have been no estimates of salt intake below five grams (the WHO recommended limit) 

reported from Sub-Saharan Africa since the 1990s. Contrary to the two global systematic 

reviews (12, 57), Oyebode et al. found no gender difference in estimated salt intake. From 

this, the authors propose that population-specific research is required since demographic and 

lifestyle risk factors likely differ across populations. Oyebode et al. (56) did not provide an 

average estimated salt intake among regions or across all populations in Sub-Saharan Africa.  

The implementation of salt reduction strategies in sub-Saharan Africa is hindered by the lack 

of national strategies, reflected in the relative scarcity of salt intake estimates in this region 

of the world (58).  

2.2.3  Somali  population salt status  

There were no studies identified from the literature search estimating salt intake in Somalia 

or Somaliland. There was, however, one study found which estimated salt intake among 

Somali immigrants to Florence, Italy (59), and it is also the only study we were able to find 

on salt intake among adult immigrant groups. See Appendix A for search flow chart. 

This single study, conducted in 1992 by Modesti et al. (59), reported salt intakes at baseline 
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(within two days of arrival to Florence) and at six months of residence in Florence. Salt 

intake increased significantly from 2.80 g/day at baseline to 5.67 g/day at six months (59). 

The baseline measurement may be a crude reflection of salt intake among Somali adults 

residing in Somalia or Somaliland since data was collected almost immediately upon their 

arrival to Italy. However, the study is relatively old (over 20 years), sample size was very 

small (n=25) and the method to estimate salt intake (24-hour urinary excretion) is almost 

completely influenced by day-to-day variability of salt in the diet (discussed more in 

Chapter 2.3.2). Their diets may have changed substantially within the one to two days of 

residence in Florence merely due to food availabilities, meaning the baseline estimate would 

reflect the amount of salt eaten over the previous day in Italy as opposed to what was 

recently or habitually eaten in their home country. However, there is no doubt an enormous 

increase in salt intake after six months, which may reflect their habitual salt intake as settled 

Somali residents in Florence, Italy.  

2.2.4  Norwegian population salt status  

The only current estimate on salt intake in the Norwegian population comes from a 

population in Tromsø, in the northern region of Norway. Presented at the EuroPrevent 2017 

conference hosted by the European Society of Cardiology, H. Meyer et al. (60) found men 

consumed 10.2 grams/day and women consumed 7.4 g/day of salt estimated from the 

collection of 24-hour urine.  

Only one other study was found estimating salt intake a Norwegian population, but is not 

recent. Published in 1983, Omvik et al. (61) reported salt intake of 192.5 mmol/day. It 

corresponds to slightly higher salt intake than that found in the Tromsø population.  

2.2.5  Summary 

It appears that nearly every adult population studied within the past 25 years is estimated to 

consume over five grams of salt per day – the upper limit recommended by the WHO. 

Mozzafarian et al. (62) estimated that 99.2% of the global adult population exceed this cut-

off. Nevertheless, there are large regions of the world that have not been studied. Results 
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from the literature search point specifically to knowledge gaps for populations residing in 

the global south as well as immigrant populations.   

2.3 Estimating dietary salt intake 

Regular population estimation of salt intake is critical for monitoring and reporting on salt 

intake targets and recommendations. Currently, a variety of methods are available and used 

for measuring dietary salt intake. However, all methods are met with particular challenges, 

which make precise and accurate estimation of intake in individuals and/or the population 

demanding and often problematic (6, 63). Recognition of these challenges, and thus interest 

in assessing the validity of various methods for measuring salt intake, has increased 

dramatically within the past two decades. They are important discussions to be aware of 

prior to conducting a study of salt intake estimation to appropriately align aims with 

methods and implications with limitations.   

2.3.1  Dietary assessment  

Common dietary assessment methods to estimate salt intake include 24-hour dietary recall, 

dietary record, and the food frequency questionnaire (FFQ). These methods are 

advantageous over urine methods for their potential to collect detailed information on the 

dietary sources of sodium intake as opposed to only a quantification of estimated salt intake 

as a whole (64). Knowledge of the foods most associated with high salt intake within a 

population can inform public health on how to most effectively reduce salt intake based on 

interventions targeting processed food marketing and consumer education (63, 65). 

Food frequency questionnaires (FFQs), in particular, are advantageous for their self-

administration and machine-readability, making them practical and cost-effective (65). They 

also allow relatively long-term, habitual diet to be assessed. On the other hand, dietary recall 

and prospective dietary records can only feasibly track the diet for a few days, are labour 

intensive for participant and researcher, and can be expensive. However, they are more 

precise than FFQs (66).   
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Although dietary assessment has high practical potential, the validity of the method as a tool 

for measuring salt intake in a population is questionable (63). Particularly concerning is that 

significant bias can easily be introduced by both participant response and interpretation by 

the researcher since the methods are highly dependent on accurate and precise quantification 

of foods. Underreporting of general intake and of specific foods/nutrients by participants has 

consistently been found in previous studies, across all studied types of dietary assessment, 

which generally perform poorly in sensitivity analyses (65, 67-69). In particular, the 

tendency for under-reporting of energy intake introduces bias for sodium intake estimation 

since sodium intake is highly correlated with total energy intake (64, 70). In a recent study 

published in 2018, Y. Park et al. (71) found Automated Self-Administered 24-hour recalls 

(ASA24s) 4-Day Food Records (4DFRs), and Food Frequency Questionnaires (FFQs) 

underestimated sodium intake by 15-17%, 18-21%, and 29-34% respectively, when 

compared to the 24-hour urinary sodium biomarker. Other studies generally found similar or 

greater under-reporting of sodium intake.   

2.3.2  Urine assessment  

In contrast to dietary assessment, urine assessment involves the measurement of the 

concentration of sodium ions in the urine, often through an ion electrode. It is estimated 

approximately 98% of sodium in food is absorbed into the blood stream and approximately 

90% is detectable in the urine over a given 24-hour period (72). The 10% loss has been 

attributed to sweat and faeces, and can be variable across seasons (63). Despite these losses, 

the collection of 24-hour urine is considered to be the most valid biochemical indicator of 

daily dietary sodium and thus, widely regarded as the ‘gold standard’ method for sodium 

intake. As per its name, it involves the collection of all urine throughout a 24-hour period, 

thereby enabling the estimation of daily sodium intake. 

However, 24-hour urine has its challenges. Practically, 24-hour urine collection is 

burdensome for participants undertake, which can deter many from recruitment and from 

successful completion of participation, thus lowering the response rate and introducing 

selection bias. This was a particular concern raised at the WHO NCD surveillance 

monitoring and evaluating consultation, held in February 2012 in Oslo, Norway (73). A 
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wide range of response rates have been reported in recent studies – the most successful of 

which hover around the 50% margin. Some studies have reported extremely low response 

rates – around 20% in a study from Australia in 2014 (6) and 10% in a study from 

Switzerland in 2012 (74), when using random sampling methods. Response rates as low as 

these bring representativeness of study samples into question.  As M. A. Land and 

colleagues argue, in these situations “the random sample effectively becomes a volunteer 

sample” (6) when they observed their volunteer sample produced similar findings to a 

random sample in Lithgow, Australia. As such, difficulties in obtaining a representative 

sample population providing 24-hour urine has the potential to introduce bias, 

compromising internal validity and limit the generalizability of findings.  

The burdensome nature of the 24-hour urine procedure has also resulted in under-collection 

and over-collection.  However, there are various methods used to detect incomplete samples. 

Oral administration and urinary recovery of para-aminobenzoic acid (PABA) is a common 

method and considered the gold standard for completeness detection (75).  It is excreted in 

the urine at the same rate as sodium, thereby allowing detection of under-collection.  

However, there are reported issues including decreased excretion with increased age and 

non-adherence to oral administration instructions, greatly reducing its potential as the most 

objective indicator available (76, 77).   

Assessment of 24-hour creatinine excretion, 24-hour urine volume, self-report, or a 

combination of these methods have also been widely used in population studies (3, 4, 6, 78, 

79), including in the INTERSALT study (10). However, as A. Wielgosz and colleagues 

found, there is significant variation in estimates of sodium excretion depending on which 

method is used and which thresholds are chosen when compared against the use of PABA as 

the gold standard (75). They suggest administration of PABA should be used in all 24-hour 

urine studies to estimate population intake. However, as discussed above, PABA has its own 

complications that can undermine standardized detection of completeness. Balancing 

effectivity and feasibility for detecting completeness of 24-hour urine collection is still under 

investigation and currently a topic receiving attention in the field of dietary biomarkers.  

When complete, 24-hour urine is an excellent measure of the sodium ingested by an 

individual over the given 24-hour period. However, it is a less accurate measure of habitual 
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sodium intake. Day-to-day variability in the diet is common. Therefore, 24-hour sodium 

excretion will be as variable as intake (72). As such, the collection of repeated 24-hour urine 

samples is recommended to gain an understanding of habitual (or average) individual 

sodium intake, particularly when studying its relationship to health outcomes (80). However, 

24-hour urine collection can provide a valid estimation of population average and range of 

sodium intake (63, 72, 80). 

Due to concerns of low response rate and the burdensome impracticalities associated with 

the collection of 24-hour urine, the collection of spot (or ‘casual’) urine to estimate 24-hour 

sodium excretion has become increasing popular. Spot urine collection has many advantages 

over 24-hour urine collection. In many cases, it requires only one encounter (providing one 

single urine void) and can be collected on-site, as participants visit a survey centre for 

example. It also requires less training for staff (81). This enables spot urine to be easily 

included in large population health and nutrition studies (63).   

Several equations exist, which aim to convert spot urinary sodium concentration to 

estimated 24-hour sodium concentration.  Three methods are most commonly used – the 

Kawasaki method (82), the INTERSALT method (83), and the Tanaka method (84).  

Validation studies comparing various spot urine methods to the 24-hour urine gold standard 

have, over the past 10 years, been published extensively. 

The efficacy of spot urine to estimate 24-hour sodium excretion still remains under fierce 

investigation (81, 85-87). Spot urinary sodium is likely a reflection of sodium intake 

consumed in the very short term – a few hours prior to urination perhaps (63). This suggests 

that variation of urinary sodium concentration throughout the day is likely highly variable 

depending on the timing of eating and the contents of the diet. Evidence of this diurnal, 

variation at the individual level has been reported, showing that night-time samples tend to 

have lower sodium concentrations than those collected during the day (88).   

In a recent study published by Allen et al. (89), they assessed the validity of four predictive 

equations – Kawasaki, Tanaka, INTERSALT, and Mage – for estimation 24-hour sodium 

excretion from four timed urine samples (overnight, morning, afternoon, and evening) in a 

multi-ethnic sample population from the United States. They found, while the Tanaka 
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equation produced the least bias, none of the equations performed uniformly well across 

varying demographic groups (gender, race/ethnicity). In a similar, recently published study, 

Zhou et al. (90) found the Kawasaki, INTERSALT, and Tanaka methods resulted in very 

high bias for a Chinese, adult population. However, several studies demonstrate that spot 

urine collection using various predictive equations to estimate 24-hour urine is an adequate 

estimation of mean urinary sodium excretion, despite significant individual bias (85, 91).   

2.3.3  Summary  

Two main methods for estimating salt intake were reviewed in this sub-chapter. 

1. Dietary assessment 

2. Urine assessment 

Prospective dietary record, 24-hour dietary recall, and FFQs are considered dietary 

assessment and do not employ a biomarker as an indicator for sodium intake. They rely on 

the participant to report consumption of foods and knowledge of salt content of foods in 

order to estimate sodium intake. While they provide valuable insight to particular food 

groups or foods that may be contributing to high salt intake in a population, dietary 

assessment methods are not the most reliable for estimating salt intake.  

Urine collection, instead employs sodium concentration in the urine as a biomarker for 

sodium intake. The collection of 24-hour urine is considered the gold standard method for 

estimating sodium intake. However, its burdensome nature can compromise response rates 

and thus increase bias. Spot urine collection could provide a solution, as an estimate of 24-

hour urinary sodium. However, predictive equations for estimation have been shown to be 

biased at the individual level. At the population level, the use of spot urine is considered to 

be adequate, but still uncertain due to insufficient research.  

Despite the challenges and potential shortcomings of the 24-hour urine method, the 

overwhelming majority of literature supports 24-hour urine collection as the best indicator, 

and therefore ‘gold standard’ of salt intake. A major conclusion drawn from this section of 

the literature review is that estimating salt intake is challenging, even in HICs.  
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2.4 Somalis in Norway  

2.4.1  General geography and anthropology 

Ethnic Somalis originate from a region on the north-eastern African continent known as the 

Horn of Africa, which today includes the countries of Somalia, Somaliland, Djibouti, 

Ethiopia, and Kenya. For the most part, Somalis share a uniform language, Somali, are 

primarily Sunni Muslim, and belong to a patrilineal society forming clans and sub-clans 

based on Islamic and traditional practice. Such groups are linked to specific geographic 

origin, identify all Somalis and their affiliations, forming the basis for their social structure – 

hierarchy and roles.  

A significant portion of Somalis in the Horn of Africa engage in a nomadic or semi-nomadic 

way of life, with around 25% percent of the population in Somalia defined as nomadic by 

the United Nations Populations Fund (UNFPA) (92). Their non-sedentary, pastoral lifestyle 

has meant that national borders were often crossed, in following natural resources, resulting 

in a people more defined by ethnicity and clan than geographic location or political border. 

While Somalian refers to those of residing in the nation of Somalia, Somali refers to their 

shared ethnic identity, transcending borders, and is the relevant term for this thesis.  

The Somali civil war officially began in 1988 as an armed resistance to the state. Since then, 

state opposition transitioned into inter-clan fighting and further into intra-clan fighting, 

fuelling armed conflict that continues to this day. The widespread poverty and instability 

pushed many Somalis to refugee camps in neighbouring countries and to migrate to Western 

countries, creating a complex diaspora (93). 

According to the United Nations Refugee Agency (UNHCR), there were 870 000 people 

from Somalia registered as refugees in the Horn of Africa and Yemen at the beginning of 

2018, the majority of which reside in refugee camps in Kenya and Ethiopia (94). However, 

these numbers are likely greater if taking into account all ethnic Somalis in the Horn of 

Africa who may be affected by the unrest. Many have also migrated en-masse to Europe, 

North America, and the Middle East where numbers are steadily increasing as displaced 

Somalis seek asylum, often via dangerous routes. The number of ethnic Somalis worldwide 
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remains somewhat uncertain, but estimated to be around two million by the UN Populations 

Division (UNDP) in 2015 (95).  

Somalis therefore constitute a substantial diaspora, plagued by recent and current hardships. 

As a group, they can be challenging to define as an outsider, unlinked to nationality. Long-

term mass migration due to war and famine can negate their ties to the Somali state (as many 

are born in refugee camps or abroad), further complicated by their persisting quasi-

borderless nomadic lifestyle. Ethnic Somalis are a rapidly changing global distribution and 

truly a people spread across borders.  

2.4.2  Settlement in Norway –  demographics  

Norway is an HIC characterized by stable socialist politics, low unemployment, offering a 

high quality of life, and consistently ranked first on the Human Development Index (95). 

Immigration of people from Sub-Saharan Africa is a relatively new occurrence in Norway, 

with cultural enclaves only established over the past 30 years. According to Statistics 

Norway, there were approximately 30 000 Somalis living in Norway in 2017, with around 

40% who reside in the Oslo Municipality (96). Consequently, Somalis constitute the largest 

non-European immigrant group in Norway and the second largest in Oslo (96).  

The vast majority of Somalis have come to Norway seeking asylum and family reunion (96). 

According to Statistics Norway, Somalis in Norway are among those with lower education 

and less employed compared to Norwegians (97). Out of all the major immigrant groups in 

Norway, Somalis have the highest unemployment rates (98). Moreover, over 10% of 

Somalis over the age of 16 in Norway have not been formally educated (99). The most 

recent arrivals tend to be the least educated as they have spent the longest residing in 

Somalia and the neighbouring regions where infrastructure has been in worsening states of 

devastation over the past 25 years. Nevertheless, Somalis are the most satisfied with their 

living conditions out of the major immigrant groups, according to Statistics Norway (100).  

2.4.3  Health and dietary habits  

There is little known about the health and nutrition status of Somalis in Norway. Somalis in 

Norway tend to be a relatively young group. Morbidity and mortality patters are still 
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emerging, however Norwegian national data suggests the risk of CVD is slightly higher 

among Somali immigrants than that in the Norwegian population (101).  

Other studies found that duration of residence in Norway was associated with higher 

prevalence of diabetes and obesity most attributable to a decrease in physical activity and 

drastic change in diet as they adjust to a comparatively sedentary lifestyle and novel food 

availabilities in Norway (102, 103). However, the studies did not delve into the details of 

diet.  

There is strong evidence from studies on other immigrant populations that the burden of 

chronic conditions related to dietary change increases with length of residence in the host 

country (104). The change in nutritional availabilities from their home-country to host-

country is likely immense, as they are faced with affordable high caloric and low nutritional 

foods (105, 106). In Canada, for example, longer length of residence is associated with 

increased sodium and fat intake (104). A study from the United States found African 

immigrant men to New York City had low levels of fruit and vegetable consumption (thus 

low potassium) and little understanding of the benefits of these foods (107). Albeit, the 

interaction between migration, nutrition, and health is likely not all negative. For example, 

immigrants to HICs have been shown to consume more calcium, vitamin D, and iron – thus 

avoiding deficiencies that are prevalent in LMICs (108).   

Moreover, cultural differences in health perception can alter the way an ethnic group 

assesses a health situation. In a study by Renzaho (109), he states that obesity is not defined 

nor seen as a disease with health consequences in many Sub-Saharan African countries. 

There is evidence Somalis, like other ethnicities in the region, prefer larger body sizes (106) 

– a product of their recent history and sustained battle with infectious disease and poverty 

(109). Interestingly, a survey conducted by Statistics Norway in 2016 reported that 

immigrants thought their health was ‘good’ or ‘very good’ (73%), which was lower, but 

close to the Norwegian population (83%).  

After a detailed search of literature, the specifics of dietary and lifestyle risk factors for 

disease are unknown. Assumptions about susceptibilities to disease among Somalis in 
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Norway should be made cautiously due to the specificity and variation within each 

population.   
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3 .  R A T I O N A L E  F O R  T H I S  S T U D Y  

Robust evidence from epidemiological studies and meta-analyses demonstrates that salt is a 

risk factor for increased BP. Due to the high and increasing prevalence of hypertension 

globally, it is critical to monitor salt intake. The recent questioning of the safe range of salt 

intake and the relationship between CVD/mortality and salt intake furthers this importance. 

There is mounting evidence to suggest that a population-specific understanding of salt intake 

is necessary. This is for two main reasons. Firstly, salt intake differs remarkably across 

populations, thus demanding different approaches and targets for interventions intending to 

bring salt intake to healthy levels. Secondly, sensitivity to salt is heterogeneous across 

populations. Its specificity is bound to both genetic and environment context.  

Somalis and their associated diaspora constitute an understudied population worldwide, on 

which there is no recent or accurate information on their salt intake status. There is indirect 

evidence to suggest Somalis in the diaspora may be at high risk of developing hypertension 

and CVD due to rapid lifestyle changes. As one of the largest immigrant groups in Norway, 

these knowledge gaps pose a barrier to achieving health equity between Somali immigrants 

and their host population.  

This study aims to provide a baseline salt intake estimate of a Somali population in Norway, 

which is a priority for Norwegian health authorities. It employs the gold standard biomarker 

for salt intake – 24-hour urinary sodium excretion – measured through the collection of 24-

hour urine. Obtainment of high quality data will serve as a baseline for building a well-

informed profile of Somali immigrant health and associated risk factors. This has valuable 

application as it can inform effective health promotion to meet targets in the global effort to 

prevent hypertension and cardiovascular events as well as bring us closer to achieving 

consensus on safe ranges of salt intake.  
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4 .  R E S E A R C H  A I M S  A N D  O B J E C T I V E S  

MAIN AIM 

The aim of this thesis is to estimate the daily salt intake among adult (age 20-67) Somalis in 

the Sagene district of Oslo, Norway. 

 

OBJECTIVES 

1) Estimate the dietary salt intake through the analysis of 24-hour urine 

2) Measure the association between estimated sodium intake and socio-demographic 

factors  

3) Estimate the dietary potassium intake through the analysis of 24-hour urine  

4) Measure the association between blood pressure and estimated sodium intake, 

estimated potassium intake, and estimated Na/K intake ratio  
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5 .  M E T H O D O L O G Y  

This chapter provides a description and justification for the methods used to answer the 

research questions and fulfil the research aims. It opens with a brief overview of methods, 

followed by study design, participant sampling/recruitment, data collection tools, the 

procedure, ethics, methodological considerations, and lastly, a description of the statistical 

analysis carried out.  

The methods employed throughout the study were guided by the WHO STEPwise approach 

to non-communicable disease risk factor surveillance (STEPS) – a tool developed by the 

WHO in 2003 to assist countries in undertaking NCD risk factor surveys (110).  It aims to 

provide feasible, standardized protocol and tools for surveyors such that data areas 

consistent as possible and can enable comparisons across populations and time. In line with 

STEPS, this study emphasizes the collection of small amounts of high quality data over 

large amounts of low quality data through adherence to standardized methods as well as the 

assembling of risk factor information from a standardized questionnaire before moving to 

more complex biochemical analyses of urine (110).  

5.1 Overview 

This study is part of a larger project to survey risk factors for NCDs among Somalis in Oslo, 

Norway.  It employed a community-based, descriptive, cross-sectional design. The study 

was conducted in the Sagene district of Oslo, Norway where the purpose of sampling was to 

recruit all eligible members living in that district. The sample population consisted of adults 

(age 20-67) of Somali background. Data collection occurred between December 2015 and 

October 2016. To estimate sodium and potassium intake, 24-hour urinary electrolyte 

excretion was measured.  Samples were collected in Oslo and sent for analysis at the 

Medical Laboratory at the University Hospital of North Norway. Demographic variables 

were collected through a structured questionnaire. A validated oscillometric monitor and 

standardized protocol were used to measure BP. The final sample consisted of 159 

participants. All data were assembled in the Services for Sensitive Data (TSD) IT-platform, 
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which is a remote, secure server where data analysis took place. Statistical analysis was 

performed using SPSS, Version 24.  

5.2 Design 

A cross-sectional, descriptive design was deemed appropriate for answering the principal 

research objective of estimating salt intake among Somali immigrants in Oslo, Norway 

Additionally, the objective of measuring the association between salt intake and potential 

risk factors also supports the use of a cross-sectional design. As discussed in Chapter 1, this 

study’s primary aim is not to assess the causal relationship between salt intake and BP or 

health outcomes. Therefore, a longitudinal design was not deemed necessary. However, this 

study design does provide a baseline survey for a follow-up study be conducted to better 

assess the association and directionality of the relationship between salt intake and health 

outcomes in a longitudinal design. Adherence to standardized protocol guided by WHO 

STEPS for this baseline study will prove beneficial for future follow-up and cross-

population comparison. However, for the purposes of the principal study objective, a cross-

sectional design was sufficient and feasibly ideal.  

5.3 Participants 

5.3.1  Defining the study area and population  

Oslo is Norway’s largest and most culturally diverse city, divided into 15 districts which 

operate their own community organizations and activities. The district of Sagene in Oslo, 

Norway is just 3.1 km
2
, with a total population of 39,918 in 2015 (111), and lies near to the 

metropolitan centre of the city. It was estimated there were 1,370 Somalis living in Sagene 

in 2015, making Sagene the third-most Somali-populous district in Oslo (and therefore in 

Norway) (112). The Somali community, in this district, is dense, and has a reputation for 

being a tightly-knit community. Numerous Somali organisations exist, allowing excellent 

access to participants.  For these reasons, Sagene was chosen as an ideal study area to recruit 

the sample population.  
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The target population is adults (20-67 years old) with a Somali background living in the 

Norway. This includes Somali immigrants of any immigration status and all Norwegians 

born to Somali immigrants. Somali was defined as any person who self-identifies as ethnic 

Somali and/or identifies as having a Somali background.  

5.3.2  Sampling strategy 

A non-probability sampling strategy was employed. Conventional probability sampling 

methods – namely random sampling – often used in quantitative studies were not applied in 

this study since previous attempts to do so in immigrant populations in Norway resulted in 

low response rates (113). For example, Somalis were not included in the Oslo Health Study 

(HUBRO) (113) due to low response rate. HUBRO recruited participants through letters sent 

via post to a randomized sample of Somalis using demographic data from Statistics Norway. 

Reflection upon HUBRO revealed that Somalis were less trusting of impersonal, written 

information and thus may be more receptive to oral communication among people of the 

same background and shared language. In order to improve the response rate for this study, a 

community-based, voluntary sampling strategy in one district was deemed more appropriate. 

The goal of sampling was therefore to recruit all eligible Somali adults in the Sagene 

district. For this reason, a sample size calculation was not conducted prior to recruitment.  

5.3.3  Inclusion criteria  

Potential participants were required to fulfil the following criteria to be included in the 

study: 

- Must be between the ages of 20 and 67 years old 

- Must have Somali background (self-defined) 

- Must have their home address registered in the Sagene district of Oslo, Norway 

- Any genders were permitted 

There were 272 potential participants who were identified as eligible during the recruitment 

process. The term “Somali background” was used during recruitment so as to not exclude 

potential participants who were not direct immigrants from Somali regions. Inclusion based 

on ethnicity was self-defined by the participants.  Citizenship was not a factor for inclusion. 
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5.3.4  Exclusion criteria  

Participants were excluded from the study if: 

- Pregnant 

- Begun diuretic medication less than 2 weeks prior to recruitment 

- Diagnosed with kidney failure 

- Diagnosed with haemorrhage  

- Diagnosed with liver disease 

These conditions disturb, what would otherwise be, physiologically regular urinary 

electrolyte and/or volume excretion in response to dietary intake (114, 115). Since 24-hour 

urinary electrolyte excretion was used as the biomarker to estimate electrolyte intake in this 

study, known conditions that prevent urinary excretion from reflecting intake were 

excluding factors. There were 20 potential participants excluded from the study based on 

these grounds, leaving 252 people who were eligible to give consent.   

5.4 Recruitment 

5.4.1  Community-based efforts and cultural  sensitivity  

In order to reach the greatest number and widest range of people of Somali background in 

the district, a community-based effort was mobilized. This included the help of Somali 

organizations, the district healthy life centre, volunteer centre, district medical officer, and 

community centre. Also, ten youth volunteers and three project assistants were identified by 

partner organizations. They aided in the recruitment of participants and in data collection. 

Contact with these parties was established and they worked to disseminate information 

about the study through Somali radio, community centre activities, and other informal 

methods, such as oral communication. The Somali organizations were particularly 

instrumental in establishing contact with potential participants since the majority of Somalis 

residing in Sagene are members. The district medical officer’s office, healthy life centre and 

the community development centre also assisted in the dissemination of information in the 
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attempt to reach the remaining eligible Somalis who were not members of the Somali 

organizations.   

An official information meeting was held at the Sagene community centre on the 29
th

 of 

November 2015. Partner organizations posted information sheets to notify and encourage 

eligible members to come (See Appendix B for information sheet). At the meeting, members 

were informed about the purpose of the study, the various processes they would be involved 

in as participants, and the potential risks and benefits of participation. A question period was 

also held. They were given contact information and were encouraged to arrange an 

appointment with the researchers for signing of consent and data collection.  

Cultural sensitivity was integral throughout the recruitment process for adequate 

recruitment. As such, oral communication between partner organizations and potential 

participants was encouraged to establish trust. In addition, potential participants were 

notified that Somali female project assistants were available during the data collection 

process – important for a balanced recruitment of men and women.   

5.5 Measurement tools  

5.5.1  Urine collection  

All components of the urine collection kit were purchased from the medical and laboratory 

equipment company, Sarstedt AG & Co.  

1) A 3.0 litre urine container for 24-hour storage and a 500 mL receptacle (UriSet24®) 

2) An integrated unit for closed urine transfer using a vacuum system (V-Monovette®)  

3) A 2 mL polypropylene micro-tube  

Both UriSet24® and the V-Monovette® system are European Conformity (CE) and In-Vitro 

Diagnostic Directive (IVDD) certified (116). The receptacle and urine container system was 

ideal since it allowed women to easily collect urine – a barrier that can be a deterrent for 

women to participate. Also, the 3.0L container was equipped with a transparent inspection 

strip to easily measure total urine volume, such that feedback could be given to participants 

immediately. The closed-urine transfer system to the micro-tube was an advantage as well, 
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preventing contamination of the urine in the sample sent to the laboratory for analysis.  See 

Appendix C for full urine collection kit specifications 

5.5.2  Laboratory analysis  

Urine samples were analysed in one-batch at Medical Laboratory, University Hospital of 

North Norway (UNN) for 24-hour urine creatinine, sodium, and potassium concentration. 

The Medical Laboratory, UNN has been certified by Norwegian Accreditation according to 

the standard, NS-EN ISO 15189 TEST 209. The laboratory at UNN employed the IVDD 

approved Roche Hitachi system – an indirect ion-selective electrode (ISE) to determine ion 

concentration (117).  

5.5.3  Questionnaire  

To collect socio-demographic variables, an interviewer-administered questionnaire in 

Norwegian was employed (see Appendix D for questionnaire). The project leader or project 

assistants were responsible for asking the questions and filling the questionnaire. All 

assisting members were proficient in Somali and Norwegian to assist with proper translation 

and clarification. The project leader was always present to ensure standard comprehension 

and recording.  

The questionnaire was an updated version of that used in HUBRO (113). A pilot study was 

conducted, primarily to test areas which were not relevant for this particular sub-study. 

Since the questionnaire was used for the entirety of the broader project on risk factors for 

chronic disease among Somali immigrants in Oslo, the majority of the assessments did not 

pertain to this particular study. See Table 2 for description of variables that were collected 

from the questionnaire. Variables chosen were identified as possible associated socio-

demographic factors for salt intake by construction of Directed Acyclic Graphs (DAGs) as 

informed by the literature review: 

5.5.4  Blood pressure  testing  

Blood pressure was measured using the automated device, Omron HBP 1300. The device 

has been validated in accordance with international protocol from the European Society of 
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Hypertension(118). Hypertension was defined as >140 mmHg systolic and/or >90 mmHg 

diastolic. Those who were on antihypertensive medication were also considered 

hypertensive.  

5.6 Urine-based exclusion criteria 

Participants with incomplete urine collections were excluded from the analysis.  This was 

assessed through a combination of factors, where participants were excluded if they met any 

of the following criteria: 

1. Creatinine < 4 mmol/24h for women and < 6 mmol/24h for men 

2. Urine volume > 500 mL/24-hour for either gender 

3. Reported missed collection 

A total of two participants were excluded from the sample due to creatinine levels below the 

threshold.  

5.7 Data collection procedure 

The following is a step-by-step recount of the data collection phase of the study: 

Recruitment and data collection began quickly after the information meeting, commencing 

in December 2015 and was completed by October 2016. A private office was provided by 

the district. It served a meeting point for the project leader and participants for the signing of 

informed consent and the first phase of data collection. Having been given telephone and 

address contact information for the private offices during the information meeting, willing 

participants were able to either schedule an appointment at a designated time or drop-in. 

One participant was permitted in the office at a time with the project leader. It began with 

orally ensuring the participant understood the terms of consent in Norwegian or Somali and 

signing of the consent form, also in Norwegian (Appendix E1) or Somali (Appendix E2). A 

key list was updated including the participant’s full name, telephone number, and an 

identification (ID) code (to be used as their anonymous identity on all future data).  
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The questionnaire was filled in the same appointment and was reviewed by the project 

leader. Blood pressure was also taken in the office, after questionnaire filling. If 

abnormalities in BP were identified, the project leader informed the participant and 

encouraged them to contact their general practitioner.  

The participants were then asked if they wished to participate in the 24-hour urine collection 

phase of the study. For those who agreed, this was noted in the key list and they were 

provided with the urine collection kit as well as oral and written instructions for collection. 

Written instructions were given in Norwegian (see Appendix F1) and in Somali (see 

Appendix F2). The project leader and participant organized a date for when the urine 

collection kit and instruction sheet should be completed and returned to the office. The 

participant’s ID code was noted on the instruction sheet. If the participant wished, it was 

organized for the project leader or project assistants to collect the urine kit from their home.  

An SMS reminder to complete the urine collection was sent and a reminder telephone call 

was made if the participant did not deliver on time.  

Participants were instructed to empty the bladder into the toilet when waking up on their day 

of collection and to note its time. They were instructed to collect urine throughout the rest of 

the day by using the receptacle to catch urine and to then transfer this to the larger container. 

The last urination collection was instructed as the first urination of the following day. The 

urine container was to be kept cool throughout collection and missed collections to be noted.  

After each participant returned the urine collection kit, the researcher recorded the total 

volume, mixed the urine container and took a 2 mL sample. Participants received feedback 

on their urine volume immediately. The researcher then moved samples of the 24-hour urine 

to the Norwegian Institute of Public Health (NIPH) biobank to be stored in a -20 C freezer. 

This continued as participants returned their urine kits until the end of recruitment in 

October 2016. All samples (n=169) were taken by a researcher to UNN for analysis. All 

samples were analysed in one batch using one kit.  
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5.8 Sample flow  

There were 272 individuals identified as eligible for participation during the recruitment 

process. However, 20 individuals were excluded due to their health condition and 30 

individuals were absent or refused participation. Therefore, 222 individuals were consenting 

and completed the first stage of data collection (questionnaire and BP test). Of these, 169 

participants returned their urine kits and samples were sent to the laboratory, while 53 

remained unreturned. For 8 samples, data for urine volume, creatinine, potassium, or sodium 

excretion was missing and 2 samples did not meet the urine-based exclusion criteria. 

Therefore, the final sample population consisted of 159 individuals. See Figure 1 for flow 

chart. 

 

 

Persons identified as 

eligible (n=272) 

Excluded due to health 

condition (n=20) 

Did not return urine kits 

(n=53) 

Consenting 

participants (n=222) 

Absent or refused 

participation (n=30) 

Returned urine kits 

and sample sent to 

lab (n=169) 

Data missing from lab 

results (n=8) 

Met urine-based exclusion 

criteria (n=2) 

Final sample 

(n=159) 

Figure 1. Flow chart exemplifying steps towards achieving a final 

sample 
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5.9 Study variables 

The following table is a summary of all relevant variables collected in this study (crude and 

in their final form, ready for analysis)  

Table 2. Description of variables used in the study and their derivation 

Variable name Description  

Variables obtained from 24-hour urine analysis  

24-hour urine volume The volume of fluid noted from the indicator on the V-

Monovette 3 Litre container. This measurement intends to 

denote the amount of urine excreted over exactly 24-hours by 

one individual from the point after the first morning void to 

(and including) the next morning void. Measured in millilitres 

(mL/24h).  

Urinary sodium concentration The concentration of sodium in the 2 mL sample of the 24-hour 

urine. It is indicative of the concentration of sodium in the 

entire 24-hour urine sample. Measured in millimoles per liter 

(mmol/L) 

24-hour urinary sodium 

excretion 

‘Urinary sodium concentration’ multiplied by ‘24-hour urine 

volume’. Units are millimoles per 24-hour (mmol/24h). 

Estimated 24-hour sodium 

intake 

‘24-hour urinary sodium excretion’ is the gold standard 

biomarker for sodium intake, keeping in mind that 

approximately 10% of the sodium has been lost to other 

excretion (eg. feces, sweat, etc). This study maintains the 

unadjusted estimate of sodium intake due to the variability of 

the 10% loss. Units are millimoles per day (mmol/24h) 

Estimated daily salt intake A derivation of ‘estimated sodium intake’. Units are grams per 

day (g/24h). See statistical analysis for calculation. 

Urinary potassium 

concentration 

Same as ‘urinary sodium concentration’ but potassium instead 

of sodium 

24-hour urinary potassium 

excretion  

‘Urinary potassium concentration multiplied by ’24-hour urine 

volume’ 

Estimated 24-hour potassium 

intake 

Same as ‘estimated 24-hour sodium intake’ but with potassium 

instead of sodium 

Urinary creatinine 

concentration 

Same as ‘urinary sodium concentration’ but creatinine instead 

of sodium 
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24-hour creatinine excretion ‘Urinary creatinine concentration’ multiplied by ‘24-hour urine 

volume’ 

Variables obtained from questionnaire 

Gender Self-identified dichotomous variable – either ‘man’ or 

‘woman’. 

Age Number of years determined from date of birth  

Length of residence  Number of years having lived in Norway  

Education Number of years of completed education 

Variables obtained from BP 

monitor  

 

SBP Systolic BP measured in milligrams of mercury (mm Hg). 

Taken as the average of the second and third SBP readings. 

DBP Diastolic BP measured in milligrams of mercury (mm Hg). 

Taken as the average of the second and third DBP readings. 

 

5.10 Ethical considerations 

The study was approved by the Regional Committee for Medical and Health Research 

Ethics (study code: 2015/1552 REK South-East). Refer to Appendix G for approval 

document. 

Standard requirements for free and informed consent were followed, adhering to the guided 

template provided by the Regional Committees for Medical and Health Research Ethics 

(REK) (119). The consent form, which can be found in Norwegian (Appendix E1) and 

Somali (Appendix E2), was a self-contained unit which informed participants about the 

study’s aims, potential risks and benefits to the individual, confidentiality, the nature of 

consent, and the consent signing. This information was also disclosed orally during the 

information meeting held on the 29
th

 of November 2015 and during the signing of consent. 

This consent form was used for the entirety of the larger Somali project “Surveying of risk 

factors for chronic disease among Somali immigrants in Oslo, Norway”. They were 

informed that the main benefit of the study was to gain knowledge about the health situation 
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of Somalis in Norway and through this engage in health promotion targeting this immigrant 

population. Participants could decline to take part in any portion of the project, such as the 

collection of 24-hour urine, which was one of the more burdensome aspects of the project. 

Other than the burdensome nature, there was no risk of harming the participants. Consent 

could be withdrawn at any point during the study.    

5.11 Incentives 

Participants were given an incentives gift card in appreciation for their participation in the 

study. A gift card of 100 Norwegian Kroner (NOK) was given to those who participated in 

the sociodemographic and clinical data collection phase (questionnaire and BP testing). An 

additional gift card of 100 NOK was given to those who participated in the urine collection 

phase for their effort.  

Participants had full rights to their results from the study, as disclosed on the consent form. 

Because BP results were available immediately to the researcher, this was disclosed to the 

participant during the appointment along with the clinical diagnosis of normotensive or 

hypertensive. This was an important benefit for participants since there is evidence Somali 

immigrants partake less in preventative health exams (such as regular physician exams) than 

their native counterparts in HICs (120, 121). If laboratory data returned abnormal, 

participants were contacted and informed and were recommended on how to proceed.  

5.12 Data handling 

Questionnaires and BP measurements were taken individually in a private office with the 

researcher. Participants were assigned ID codes to establish anonymity such that data could 

not be used to track back to participants.  As such, the questionnaire and urine sample were 

demarcated from the individual through use of this ID code. There was only one key list 

made during the recruitment process which linked participants to their ID code for the 

purpose of informing participants of their health status after laboratory results were returned.  

Otherwise only the ID code was used.  
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The key list, all questionnaires and BP recordings were stored in separate locked cabinets 

first at the office in Sagene and later at the Institute of Health and Society, University of 

Oslo. Only the project leader had access to these documents. Data was transferred to the 

electronic platform, TSD, for use in analysis and secure storage. The identities of the 

participants are not possible to discern in the results of the associated article manuscript. 

Lastly, prior to December 2020, the code list will be destroyed. Participants were informed 

of data handling procedures prior to giving consent. 

5.13 Statistical Analysis  

Some preliminary computations were necessary before statistical analysis. Since 24-hour 

urinary sodium excretion was used as the biomarker for estimated 24-hour sodium intake, 

estimated daily salt intake (NaCl g/24h) was then derived using the formula: 

𝑁𝑎𝐶𝑙 (𝑔/24ℎ)  = 𝑁𝑎 (𝑚𝑚𝑜𝑙/24ℎ)  ∙
58.4(𝑔)

1000 (𝑚𝑚𝑜𝑙)
  

The 58.4 grams represent the molar mass of sodium chloride, thus using a standard 

conversion from moles of an element to grams of a compound. The conversion is also 

supported by Huang et al. (85) who published a systematic review on salt intake from 24-

hour urinary excretion and spot urine. 

The molar ratio of 24-hour urinary sodium to potassium was calculated as such:   

𝑁𝑎 (𝑚𝑚𝑜𝑙/24ℎ)

𝐾 (𝑚𝑚𝑜𝑙/24ℎ)
  

Mean, medians, and standard deviation (SD) were described for all continuous variables.  

Number and percentage were reported for categorical variables. Sodium intake is likely to 

differ by gender. Therefore, results are shown separately for men and women in addition to 

the combined total. Differences between gender were tested with the independent samples 

T-test.  The Mann-Withney U-test was used to test the difference in data sets of non-

parametric distribution.  

For normally distributed variables, Pearson’s r was computed to assess correlation between 

demographic variables and 24-hour sodium excretion.  Spearman’s Rho correlation 
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coefficient was used to assess correlations for non-parametric distributions. This was 

similarly conducted to assess the correlation between 24-hour sodium excretion and both 

systolic BP (SBP) and diastolic BP (DBP), as well as between the sodium-potassium molar 

ratio and both SBP and DBP.  

Measurements of associations in this study were achieved through the analysis of two 

separate models. The main model aimed to provide insight on the association between 

demographic variables and estimated salt intake (using Na-excretion as the indicator), 

involving four ‘sub-models’ – one for each demographic exposure variable. Multiple linear 

regression (, 95% Confidence Interval) was used to examine the association – after a check 

of assumptions – between demographic variables (including gender, age, number of years in 

Norway, and number of years of education) and 24-hour sodium excretion. Two DAGs can 

be seen below (Figure 2 and Figure 3) for number of years lived in Norway and number of 

years of education, since they require adjustment. Gender and age exposures did not require 

adjustment as they are unmodifiable risk factors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Length of 

residence in 

Norway 

24-hour sodium 

excretion 

Education 

Gender 

Age 

Figure 2. DAG:  

Exposure is number of years lived in Norway  

Outcome is 24-hour sodium excretion 

Potential confounding variables are 'gender', 'age', and 'years of education', which should be adjusted for 

in the analysis. 
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The secondary model aimed to assess the relations between 24-hour electrolyte excretion 

(Na, K, and Na:K ratio) and BP (SBP and DBP). These associations were also modelled 

using multiple linear regression, controlling for relevant confounding variables based on the 

literature search and DAGs.  

Variables included were checked for co-linearity with the exposure and only included in the 

model if VIF <10. Collected data was described and analysed using SPSS Statistics 

Software, Version 24.  Tests for differences were two-sided.  The significance level was set 

to p < 0.05. 

 

  

Figure 3. DAG:  

Exposure is number of years of education 

Outcome is 24-hour sodium excretion 

Potential confounding variables are 'gender', 'age', and 'years lived in Norway', which 

should be adjusted for in the analysis. 

Education 
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excretion 
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6 .  M E T H O D O L O G I C A L  C O N S I D E R A T I O N S  

This section reflects on how reliability, internal and external validity may have been 

impacted by the methods employed in this study to understand the quality of data generated 

and its generalizability for practical application.  

6.1 Study power and reliability 

When assessing reliability, we must consider the stability or consistency of the 

measurements. The quality of the data collection tools and their associated procedures can 

constitute an important source of error. Efforts were made to reduce this error by following 

standard and consistent procedures in areas where the researcher was involved. In particular, 

measurement of BP was done by the project leader, allocating five minutes of seated rest 

before taking three BP measurements in one-minute intervals. Further, the questionnaire was 

interviewer administered, with oral clarification in Somali and/or Norwegian, while the 

project leader was present. The consistency of these procedures following high quality 

standardized protocol likely increased the level of reliability and precision of the results. In 

areas where the researcher was not involved, as in the collection of 24-hour urine, emphasis 

was placed on giving clear instructions and providing contact information if the participants 

were ever unsure of how to proceed. However, we cannot know for certain if instructions 

were followed.  

As discussed in Chapter 2.3.2, one-time collection of 24-hour urine does not provide a 

reliable estimate for habitual sodium intake for an individual. Because of high day-to-day 

variability in the diet, and thus of sodium and potassium intake, very large sample size 

and/or multiple collections of 24-hour urine from each participant would be necessary to 

robustly detect a relationship (or lack thereof) (80). Most likely this study was underpowered 

to reveal a sodium- or potassium-BP relationship, which is why this study focused on 

estimating population salt intake and potentially associated background factors.  

Calculation of sample size to achieve the standard 80% power was not performed prior to 

data collection since the aim of sampling was to enrol as many eligible participants as 
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possible. However, a post-hoc analysis of effect size was performed using the Biomath 

Calculator (122). Power (1- β) was set to 80% and the significance (α) set to 0.05. It 

demonstrated an approximate difference of 26.0 mmol/24h of sodium excretion between 

men and women was able to be detected when applying our sample size of 159 (75 men and 

84 women) and a standard deviation of 57.0 mmol/24h (men). Our results were just under, 

with a 24.0 mmol/24h difference in sodium excretion between men and women. This 

demonstrates precision was likely adequate enough with the sample size to reliably detect 

this difference. 

6.2 Internal validity  

Internal validity is the level at which the results from a study are findings of unbiased 

occurrences within the source population. 

6.2.1  Study design 

The appropriateness of the study design for fulfilling the aims and objectives is critical to 

internal validity. The main aim of this study was to estimate salt intake among Somali adults 

in Oslo, Norway. The descriptive, population-based nature of this aim lent itself well to the 

cross-sectional design –a powerful tool in public health for surveying risk factors for 

disease. The purpose of the study was not to assess changes in population salt intake. 

However, this study will ideally serve as a baseline measurement for follow-up in a 

longitudinal design.  

The cross-sectional design is also well-suited to measuring the association between salt 

intake (outcome) and background socio-demographic variables (exposures). Still, it cannot 

provide explanation for whether a given estimated salt intake was caused by a background 

variable. The same applies to measuring the association between BP and estimated sodium 

and potassium intake – also part of the specific study objectives. Causation cannot be 

inferred from the regression analysis performed on the cross-sectional data due to the 

simultaneous measurement of exposures and outcomes. Even in the case here, where the null 

hypothesis was not rejected (no association), we cannot conclude that changes in estimated 

sodium intake have no effect on BP in our sample population. As such, the cross-sectional 
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design is well-suited to fulfilling the aims and objectives of this study as long as care is 

taken to not conflate causality with correlation or association.  

6.2.2  Selection bias  

Selection bias are a results of the procedure used to select participants into the study, which 

can distort the true value or association. It can occur when characteristics of the sample 

population associated with the outcome (salt intake and/or BP) do not accurately reflect that 

of the population the study was sampled from. With respect to this study’s main outcome – 

salt intake – selection bias could have skewed the detected mean intake from the true salt 

intake in the population of eligible members, thus compromising internal validity. Two 

aspects may be responsible for introducing selection bias in this study 1) The non-

probability sampling method employed and 2) loss of participants throughout stages of the 

study (see sample flow chart in Figure 1 to see where eligible members were lost).  

The burdensome nature of collecting 24-hour urine may have excluded subsets of the target 

population who have different salt intake and/or BP profiles compared to the sample 

population. For example, those who work long hours, on weekends, and shifts may have 

declined participation or failed to return their urine collection kit (non-response bias) due to 

the inconvenience of collecting 24-hour urine with their schedules. It could be a reasonable 

assumption that these individuals’ diets differ from the sample population, perhaps having 

less time to make home-cooked meals. Relying more on prepared foods could mean their 

salt intake was higher than that found in the sample population. As such, this study may 

have underestimated salt intake in the target population.  

Steps were taken, however, to assess the representativeness of the sample population to first- 

and second-generation immigrants defined as having a Somalian nationality in all of 

Norway. Using data gathered from Statistics Norway, socio-demographic information was 

compared. Age distribution and education level were comparable (99), indicating a level of 

representativeness. However, these are crude comparisons of means since it was not possible 

to access the entire dataset from Statistics Norway, thus loosing information on the 

distribution around the mean. To investigate non-response bias, socio-demographic factors 
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were compared between respondents (n=169) and non-respondents (n=53), finding no 

significant difference. Still, random sampling may have minimized selection bias A  

6.2.3  Information bias  

Information bias is the deviation of data from the true value caused by differential 

measurements of variables. Although cautions were taken to minimize this bias, we cannot 

exclude the possibility that the data collection tools did not lend themselves to information 

bias. Firstly, the questionnaire was interviewer-administered, predominantly by the 

researcher but sometimes by any one of the three project assistants. Bias can be introduced if 

the different administrators of the tool (in this case, the questionnaire) employed them in 

systematically different ways. However, the variables measured from the questionnaire 

demanded straightforward categorical or numbered responses that were not highly sensitive 

in nature. Somalis who participated in the study can all be assumed to be legal immigrants 

since only documented migrants would have had an address registered to the Sagene district 

– a criterion for inclusion in the study. Therefore, there is no reason to assume that 

participants would have given untrue information on the number of years they had lived in 

Norway or the number of years of education they had completed.  

Several measures were taken to minimize observer and systematic error from BP 

assessment. A single, validated oscillometric BP monitor was administered by the same 

researcher throughout the study. Additionally, as in standard practice, the participant was 

given a 5-minute rest period and BP was measured three times in one-minute intervals. 

Despite this, normal circadian fluctuations of blood pressure throughout the day could have 

resulted in biased measures of blood pressure. Even measuring BP at the same time of day 

for every participant would not correct for this, since circadian cycles are dependent on 

sleep/wake times and other highly variable environmental and genetic factors. To our 

knowledge, epidemiological studies do not attempt to correct for the circadian cycle due to 

the complexity of circadian variation.  

The assessment of 24-hour urinary sodium excretion to estimate sodium intake is possibly 

the greatest potential source of information bias in this study, despite it being the gold 

standard method. (The same applies to potassium intake, which was assessed the same way. 
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However, to simplify, only sodium will be referred to in the following). As stated Chapter 

2.3.2, roughly 90% of ingested sodium over a 24-hour period is excreted in the urine. The 

remaining 10% is variable across individuals and populations, excreted in the feces or sweat. 

This study was not able to account for these losses. Therefore, our findings are likely a slight 

underestimate of true salt intake. Additionally, it is possible that seasonal variability affected 

the proportion of sodium collected in the urine where less sodium finds its way to the urine 

compared to in the winter. Since the study was conducted over an approximate one-year 

period, seasonal variability may have introduced bias. To gain a crude idea of if this took 

place, excretion results from participants who collected urine between October and March 

were compared to those who collected between April and September. No significant 

difference was found. However, this does not exclude the possibility of bias due to variable 

sodium loss.  

We aimed to reduce information bias in the urine collection by applying urine-based 

exclusion criteria to assess completeness of the 24-hour urine collection. Exclusion criteria 

is important for reducing the possibility of under collections, over collections, or tampered 

collections, which can be common in studies employing 24-hour urine collection methods 

due to the burdensome nature for participants. The use of PABA recovery, for assessing 

completeness was not feasible in this study, because of time and resource limits. 

Additionally, the added complexity and burden of PABA administration had the potential to 

decrease the response rate. Instead, a combination of urine volume, creatinine excretion, and 

self-report exclusions were used, which has been deemed adequate (63). Because men and 

women tend to demonstrate significant differences in creatinine excretion, we chose to 

adhere to a gender-based exclusion, as used in Land et al. (6). Moreover, instructions for the 

urine collection were given clearly, orally and in writing, with contact information included 

if they had questions in the effort to minimize incomplete collections. Despite for clear 

instruction and use of a combination of urine volume and creatinine exclusion criteria, it is 

possible incomplete collections entered the final sample analysis. If this occurred, findings 

from this study may have underestimated complete 24-h salt intake. 
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6.2.4  Confounder bias  

This study attempted to minimize confounder bias by collecting data on variables suspected 

to be confounders as informed by the literature review, construction and analysis of DAGs 

which provided a minimum sufficient adjustment set. However, there is a possibility that 

confounders were missed, thus distorting the association between the exposure and outcome. 

Body Mass Index (BMI) is a variable that may have been an important confounder of the 

association between sodium intake and BP. Similar epidemiological studies have adjusted 

for BMI, with result being that the strength of association between BP and salt intake is 

attenuated (10, 123). However, we did not find an association between sodium intake and 

BP.  

6.3 External validity 

External validity refers to the degree of generalizability that can be achieved when making 

inferences about wider and different populations based on the findings of the study. 

Generalizability is a complex extrapolation and carries heavy responsibility, as it can have 

implications for populations the study claims generalizability to. Careful consideration of 

external validity allows us to better translate research into public health practice – a 

cornerstone aim of epidemiology. The ability to generalize results is firstly bound to the 

purpose of the study and the study design. For example RCTs aim to understand causal 

relationships – using a carefully controlled set of participants to ensure high internal validity. 

For instance, the ability to trust findings from an RCT that included only people of a certain 

ethnicity and gender to assess the salt effect on BP would not be compromised even though 

the sample is not reflective of the general population.  

As Rothman et al. (124) explain, descriptive or survey analyses require a different treatment 

of generalizability. An important distinction is that statistical representativeness plays a 

central role in the ability to generalize descriptive findings to other populations. Findings 

from descriptive analyses are highly dependent on the complex characteristics/demographics 

of the population, time, and geography. This study falls into this category, as it is of 

descriptive nature. It sampled 159 Somali adults living in Sagene – one of 15 districts in 

Oslo, Norway – to estimate their salt intake and associated socio-demographic factors. This 
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was commissioned by the NIPH to gain an understanding of salt intake among Somalis in 

Norway with the intention of promoting healthy living.  

Although generalizability cannot be claimed with certainty, there were several measures 

taken throughout the study and results from post-hoc comparisons which increase the 

likelihood that our findings are generalizable to the adult Somali population in Norway. 

Firstly, participants were sampled from the geographic confines of the Sagene district – a 

modest neighbourhood in Oslo with average personal intake close under the national median 

intake, according to Statistics Norway. Secondly, as described in Chapter 6.2.2, socio-

demographic data between our sample and data from Statistics Norway were comparable. 

Thirdly, it is possible we made contact with the vast majority of Somali adults in Sagene due 

to the community-based sampling method, of which 58% provided 24-hour urine samples 

that were included in the analysis.  

However, lack of updates in the Norwegian address registry meant that potentially eligible 

participants residing in the Sagene district could not participate or could not be reached due 

to an outdated address. While there is an estimate of the total number of immigrants from 

Somalia living in Sagene from Statistics Norway, the number of adults is unknown. 

Moreover, these data do not categorize groups by self-defined ethnicity or origin, but rather 

the nationality of first generation immigrants and the nationality of the parents of Norwegian 

citizens born to first-generation immigrants. As discussed in Chapter 2.4.1, national borders 

in the Horn of Africa do not align with ethnicity. As such, we cannot know exactly what 

percentage of the ethnic Somali population residing in Sagene this study achieved in 

sampling.  

It is also possible the results are more generalizable to Somali adults living in urban regions 

of Norway. Urban-rural differences in salt intake have been reported in the literature in other 

countries (18). For example, people living in urban areas may eat restaurant food more 

frequently than rural counterparts – a major source of salt intake. However, these are 

speculations, which may not apply to Norway. Further research on food availabilities across 

Norway and dietary behaviour among Somalis would offer complementary knowledge to 

our findings.  
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The results of this study should not be generalized to Somali populations in other countries 

or other age groups. Salt intake is highly connected to the specific country’s food 

availabilities, which are, for the most part, dependent on national or regional food industries. 

Findings from this study are also therefore temporally bound. Some country populations are 

particularly reliant on prepared-food consumption, which has been shown to be a major 

source of salt (125). The amount of processed foods consumed by Somali adults in Sagene 

and in Norway is unknown. With respect to low generalizability to other age groups, 

children and the very elderly consume less food and therefore most likely less salt than 

adults. It is also likely adolescents and teenagers have a different dietary profile compared to 

adults. Additionally, the findings from this study should not be generalized to other 

immigrant groups in Norway since differences in culture, tradition, and genetic profile pose 

important confounders to BP, salt intake, and associated socio-demographic factors.  

Many see lower representativeness as a worthy cost for the collection of internally valid, 

high quality data –achieved by use of the gold standard, 24-hour urine collection method (6). 

Although distinct, internal and external validity sometimes exhibit an inverse relationship. 

For this study, limiting the sample to eligible members residing in Sagene was important for 

minimizing selection bias. However, these confines may have limited the sample’s 

representativeness of all Somalis in Norway. Nevertheless, due to reasons stated above, it is 

possible our results are generalizable to the wider population of adult Somalis in Norway.  
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7 .  I M P L I C A T I O N S  &  C O N C L U S I O N S  

It is a challenge, in globalised communities, to consume less than five grams of salt per day 

due to the widespread availability of processed foods containing already-added salt (36, 126, 

127). As found in other HICs (125), the presence of salt in the Norwegian food supply may 

be ubiquitous. It suggests that current salt intake – deemed unhealthily high by many – is an 

issue of the pervasiveness of salt in the food industry rather than one of personal choice. The 

implications of this hypothesis are critical to consider for the success of current and future 

salt reduction interventions. 

Salt reduction is an attractive and widely targetable option for improving CVD health on 

account of the hard-held hypothesis that the BP-lowering effects of salt reduction will 

translate into decreased CVD events and mortality (11). Indeed, salt reduction campaigns are 

routine in public health and have been implemented on almost every level of governance 

(53, 78, 128). Compared to other populations around the world, it is estimated that both men 

and women in the population sampled in this study consume under the global average of salt 

intake. Moreover, the evidence for the heterogeneous salt-BP relationship discussed in 

Chapter 2.1.3, throws a level of uncertainty at swooping salt reduction campaigns aiming to 

drastically lower population-wide salt intake. On account of the literature and our findings, 

implementation of a salt reduction intervention targeting Somalis in Norway would be 

premature action. Nevertheless, the hypothesis that salt intake exceeding 5 g/day confers 

health risks cannot be refuted by this study on account of its study design and power. Further 

research is required to assess the health benefits of sodium reduction in this Somali 

population in Norway. Potassium intake should likewise be further investigated on account 

of the low intake found in our sample population compared to other populations around the 

world. 

The invitation of all eligible Somalis in the district through community-based, culturally 

sensitive methods is a major strength of this study. Immigrant groups can be relatively 

inaccessible – one reason for the number of knowledge gaps. This study reports on a specific 

aspect of health among Somali adults in the Sagene district of Oslo, Norway. It does not 

intend to pathologise, what can often become, the ‘immigrant situation’. As individuals and 
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equally valued members of Norwegian society, it is the responsibility of researchers and 

policy makers to recognize the heterogeneity and complexity of the health situation of its 

immigrant groups. Therefore, despite the challenges associated with assessing the 

representativeness of the sample population, the data is a valuable addition to the void of 

studies on risk factors for disease among Somalis and to Norwegian public health. It 

provides an important stepping stone for further comparative research such as estimation of 

salt intake among Somalis in other areas of Norway, other immigrants groups in Norway, 

and longitudinally. Building a robust health risk factor profile is critical for implementing 

preventative interventions as well as guiding social and policy actions to optimize health 

equity between groups.  
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A P P E N D I X  A 

The final literature search was conducted on 28 April 2018 using three databases: Embase 

and Medline accessed through Ovid; and PubMed. Results were few enough to review titles 

or titles and/or abstracts individually to look for relevant articles and then remove duplicates. 

The search was carried out in three databases since initial searches prior to the final, formal 

search returned highly varied numbers of results across the databases. All searches began 

with the terms in the top left box:  ‘sodium intake’ OR ‘salt intake’; AND ‘human’. The 

search term “Somalian” was included later on since the Modesti et al. (59) article was found 

through the reference list of another source and was not detected in the databases by the use 

of the term “Somali”.  
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ABSTRACT 48 

 49 

Purpose: High dietary salt intake is associated with increased blood pressure (BP) and 50 

cardiovascular disease (CVD) risk. The migration of Somalis from East-Africa to Norway may 51 

have altered their dietary habits, making them vulnerable to adverse health outcomes.  Since little 52 

is known about the lifestyle and health status of this population, the purpose of our study was to 53 

estimate salt intake in Somali adults in Oslo, Norway.  54 

 55 

Methods: A cross-sectional study involving 162 Somali adults (76 men, 86 women) from the 56 

Sagene borough in Oslo, Norway. Sodium and potassium excretion was assessed through the 57 

collection of 24-hour urine. Creatinine-based exclusions were made to ensure completeness of 58 

urine collections.  59 

 60 

Results: Sodium excretion corresponded to estimated dietary salt intake of 8.66 ± 3.33 g/24 h in 61 

men and 7.28 ± 3.59 g/24 h in women (p = 0.013).  An estimated 72% of participants consumed 62 

> 5 g salt/day.  The Na:K ratio was 2.5 ± 1.2 in men and 2.4 ± 1.1 in women (p = 0.665). 63 

 64 

Conclusions: Estimated salt intake was, while above the WHO recommendation, within the 65 

lower range of estimated salt intakes globally and in Western Europe. Further research is 66 

required to assess the health benefits of sodium reduction in this Somali immigrant population. 67 
 68 
 69 
 70 
 71 
 72 
 73 
 74 
 75 
 76 
 77 
 78 
 79 
 80 
 81 
 82 
 83 
 84 
 85 
 86 
 87 
 88 
 89 
 90 
 91 
 92 
 93 
 94 
 95 
 96 
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INTRODUCTION 97 

 98 

Increased dietary salt intake is widely acknowledged as a major determinant for raised blood 99 

pressure and hypertension [1-3] and has been found to be associated with cardiovascular disease 100 

(CVD) outcomes [4,5]. According to the Global Burden of Disease Study 2015, hypertension has 101 

been the greatest contributor to mortality and morbidity over the past quarter century [6].  It is a 102 

leading risk factor for cardiovascular disease (CVD), which is responsible for one-third of all 103 

global deaths [7].   104 

 105 

Globally, it is estimated that  individuals consume between six and twelve grams of salt daily [8], 106 

far exceeding the WHO’s salt recommendation of five grams maximum [9]. However, baseline 107 

data on salt intake are lacking in many populations, especially among low- and middle-income 108 

communities, including immigrant populations living in high-income countries.  This is 109 

particularly troublesome considering growing evidence that immigrant communities bear a 110 

disproportionate burden of CVD [10-12].  Estimating salt intake from dietary surveys is often 111 

unreliable[13]. The ‘gold standard’ method for estimating salt intake is 24-hour urine collection 112 

as around 90% of ingested sodium is excreted in the urine [14-16].  However, the method is 113 

burdensome for researchers to conduct and participants to adhere to, often rendering 24-hour 114 

urine collection unfeasible [16].  115 

 116 

There is little information about salt intake in the Norwegian population. The Somali community 117 

is Norway’s largest non-European immigrant group and there is currently no knowledge about 118 

salt intake in this population. This study, commissioned by the Norwegian Institute of Public 119 

Health, aims to estimate dietary salt intake among Somali immigrants to Norway by the use of 120 

24-hour urinary sodium excretion. The baseline measurement is of importance to informing 121 

effective health promotion and for monitoring potential changes over time to meet targets in the 122 

global effort to prevent hypertension and cardiovascular events.  123 

 124 

 125 

 126 

METHODS 127 

 128 

 129 

Population and recruitment 130 

 131 

This cross-sectional study design attempted to recruit all Somali adults (>18 years) living in the 132 

Sagene borough of Oslo, Norway.  The baseline survey was conducted between December 2015 133 

and October 2016. Participants were recruited through a variety of community-based methods, 134 

including information meetings at activity centers, and through local Somali radio. Collaboration 135 

was established with local Somali organizations, a healthy life center, and three project 136 

assistants, identified by these partners, were trained to assist with recruitment and data collection. 137 

Door-to-door visits were conducted in order to access every known-Somali adult in the borough.  138 

 139 

Conventional random sampling was deemed not practical as our previous experiences in 140 

recruiting immigrant populations through Statistics Norway (SSB) resulted in low response rates 141 

[17]. We thus decided to limit the study to one borough in Oslo with a high population of people 142 
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of Somali origin. Cultural sensitivity during the recruitment process was essential to increase the 143 

chance of participation. To establish trust between project leaders and potential participants oral 144 

communication was preferred.   145 

 146 

 147 
Urine collection 148 

 149 

Each participant was given a urine collection kit, comprised of a 3.0-liter urine container with an 150 

integrated unit for closed urine transfer using the vacuum system, V-Monovette®. Instruction for 151 

use was given orally and in writing.  First morning void should be discarded, but voids 152 

throughout the rest of the day until the morning of the day after were instructed to be collected. 153 

Start time, end time, and irregularities were to be noted and the container kept cool throughout 154 

collection. Urine collection containers were returned, contents mixed, total volume was recorded, 155 

and 2 mL samples of each participant’s urine containers were extracted and stored at -20C.  All 156 

2 mL samples were sent to the Medical Laboratory, University Hospital of North Norway (UNN) 157 

in one batch for one-kit analysis of urine volume, creatinine, sodium, and potassium levels.  158 

Urinary sodium and potassium were assessed using Roche Hitachi – an indirect ion-selective 159 

electrode to determine ion concentration [18]. The Medical Laboratory at UNN was accredited 160 

by Norwegian Accreditation according to the standard, NS-EN ISO 15189 TEST 209.  161 

 162 

 163 
Collection of other clinical and demographic factors 164 

 165 

Blood pressure was measured using Omron HBP 1300 – a validated oscillometric device [19]. 166 

Participants were given a seated rest-period of five minutes, and then blood pressure was 167 

measured three times consecutively for one-minute intervals.  Blood pressure was estimated as 168 

the average of the second and third measurements.  Hypertension was defined as >140 mmHg 169 

systolic and/or >90 mmHg diastolic and/or as being on antihypertensive treatment.  170 

 171 

All participants were administered a questionnaire, guided by the WHO Stepwise approach to 172 

chronic disease risk factor surveillance (STEPS) [20].  Project assistants were responsible for 173 

helping participants complete the questionnaire on paper to ensure standard comprehension and 174 

response.  Gender, age (in whole years), number of years lived in Norway, education level (years 175 

completed), and use of table salt (rarely, sometimes, everyday) were considered relevant 176 

variables in the current analyses as assessed by directed acyclic graph (DAG) analysis and 177 

literature review.  178 

 179 

 180 

Sample flow  181 

 182 

See Figure 1 for flow chart of sample population. Around 272 persons were identified as 183 

eligible, however 30 persons refused to participate. Participants were excluded if they were 184 

pregnant, affected by kidney failure, hemorrhage, liver disease, or had begun diuretic medication 185 

less than two weeks prior to recruitment (n=20) (2). A total of 222 participants were included in 186 

the study and invited to participate in urine collection as well, but 53 participants did not return 187 

their urine collection kits after several attempts at follow-up.  The number of urine samples sent 188 
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to the laboratory was therefore 169; however 8 samples were not analysed for sodium and/or 189 

potassium and/or urine volume.  The final study sample comprised of 161 participants (76 men 190 

and 86 women).  191 

 192 

Two participants were not included in the analysis as they had invalid urine collections assessed 193 

as 24-hour creatinine < 4 mmol/24h for women and < 6 mmol/24h for men, or < 500 mL urine 194 

collected /24-hour [14].  One identified woman had creatinine of 2.18 mmol/24h and one 195 

identified man had creatinine of 3.55 mmol/24h – both just over half the minimum creatinine 196 

required to be included with respect to their gender.  Therefore, at total of 159 cases were used to 197 

estimate 24-hour urinary electrolytic content and included in the analysis.  One participant did 198 

not complete the questionnaire, but was still included in the analysis for SBP/DBP and urine 199 

excretion. 200 

  201 

 202 

Ethics 203 

 204 

The study was approved by the Regional Committee for Medical and Health Research Ethics 205 

(study code: 2015/1552 REK South-East). Informed written consent was obtained from all 206 

participants. 207 

 208 

 209 

Statistical analysis 210 

 211 

Estimated daily sodium chloride intake (NaCl g/24 h) was calculated from sodium excretion 212 

using the formula [21]: 213 

 214 

𝑁𝑎𝐶𝑙 (𝑔/24ℎ)  = 𝑁𝑎 (𝑚𝑚𝑜𝑙/24ℎ)  ∙
58.4

1000
  215 

 216 

The molar ratio of sodium to potassium was also calculated:  
𝑁𝑎 (𝑚𝑚𝑜𝑙/24ℎ)

𝐾 (𝑚𝑚𝑜𝑙/24ℎ)
  217 

 218 

Mean and standard deviation (SD) were described for all continuous variables.  Number and 219 

percentage were reported for categorical variables. Sodium intake is likely to differ by gender, 220 

therefore results are shown separately for men and women.  Differences between gender were 221 

tested with the independent samples T-test.  The Mann-Withney U-test was used to test the 222 

difference in data sets of non-parametric distribution.  223 

 224 

For normally distributed variables, Pearson’s r was computed to assess correlation between 225 

demographic variables and 24-hour sodium excretion.  Spearman’s Rho correlation coefficient 226 

was used to assess correlations for non-parametric distributions. This was similarly conducted to 227 

assess the correlation between 24-hour sodium excretion and both systolic blood pressure (SBP) 228 

and diastolic blood pressure (DBP). 229 

 230 

Multiple linear regression – shown as , 95% Confidence Interval (CI) – was used to examine 231 

the association between demographic variables (including gender, age, length of stay in Norway, 232 

and number of years of education) and 24-hour sodium excretion. The relation between 24-hour 233 
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sodium excretion and SBP (also DBP) was similarly modelled using multiple linear regression, 234 

adjusting for confounding variables.  Statistical assumptions were checked in the final models. 235 

 236 

Collected data were described and analysed using IBM SPSS Statistics, Version 24.  Tests for 237 

differences were two-sided.  The significance level was set to p < 0.05.  238 

 239 

 240 

 241 

RESULTS 242 

 243 

Demographic characteristics and blood pressure data are described in Table 1.  Mean age was 244 

40.2 years. Men were, on average, older than women.  However, men and women had spent 245 

approximately the same number of years living in Norway. Only 2 participants (1.2%) were born 246 

in Norway. Men were significantly more educated than women.  SBP and DBP were 247 

significantly higher in men compared to women (p <0.001 for SBP and p = 0.003 for DBP).  A 248 

considerable proportion of participants were hypertensive (27.3%).   249 

Table 2 shows levels of excreted sodium and potassium in men, women, and total. Assuming all 250 

sodium from dietary intake were excreted through the urine, excretion corresponded to a 24-hour 251 

dietary salt intake of 8.66 g in men and 7.28 g in women.  Potassium excretion was 252 

approximately 12 mmol/24h higher in men compared to women. The Na:K ratio was 2.5 in men 253 

and 2.4 in women, and were not significantly different (Table 2).  254 

 255 

Multiple linear regression analysis between socio-demographic factors (gender, age, years lived 256 

in Norway, and years of education) and 24-hour sodium excretion demonstrated that excretion 257 

decreased by 1.5 mmol/24h per year increase in age, when adjusted by gender ( = -1.5; CI = -258 

2.4, -0.7).  Years lived in Norway and years of education showed no significant association with 259 

24-hour sodium excretion. Additionally, multiple linear regression showed that for each 100 260 

mmol/24h increase in sodium excretion, SBP increased by 1.2 mmHg (CI = -3.2, 5.6) and DBP 261 

decreased with 0.8 mmHg (CI = -3.2, 1.6).  However these associations were not significant.  262 

 263 

 264 

 265 

DISCUSSION 266 

 267 

Summary of findings 268 

 269 

In this first study of salt intake among adult Somalis (age 20-67) in Norway, we estimated based 270 

on 24-hour urine collection that men consumed 8.66 g of salt and women consumed 7.28 g of 271 

salt per day. In addition to male gender, younger age was found to be associated with increased 272 

salt intake.  In the current study, estimated sodium intake was not significantly associated with 273 

SBP or DBP.  274 

 275 

 276 

Context and added understanding 277 

 278 
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There have been few population-based studies measuring sodium intake among Norwegian 279 

residents and only one using 24-hour urinary excretion.  This previous study by Omvik et al. 280 

published in 1983 [22], reported markedly higher (28%) urinary sodium excretion in ethnic 281 

Norwegian men (192. 5 ± 76.4 mmol/24h) compared to our results.  Among Scandinavian 282 

populations, a study from Finland conducted in 2002, reported an estimated sodium excretion of 283 

160.2 mmol/24h in men and 124.7 mmol/24h in women [23].  Compared to our results, Finnish 284 

men excreted slightly more sodium than Somali men in Norway. Differences between the 285 

women were negligible.  Among a randomly selected group of young Swedish men, sodium 286 

excretion was reported as 198.0 ± 69 mmol/24h – much higher compared to our results [24].  287 

 288 

In a systematic review of 24-hour sodium excretion and dietary surveys in 51 studies from 289 

Western Europe, Powles et al. [25] found that estimated mean sodium intake ranged from 3.28 to 290 

4.43 g/24h, corresponding to a salt intake of 8.33 to 11.25 g/day. Our results for Somali adults 291 

are situated near the bottom of this range.  Oyebode et al. [26] conducted a systematic review on 292 

sodium intakes in sub-Saharan Africa, finding all populations since 1990, consumed over 2 293 

g/24h, with the highest reliable intake estimates to be between 5 and 6 g/24h in Tanzania, South 294 

Africa, and Ghana.  295 

 296 

Only one study exists, to our knowledge, reporting 24-hour sodium excretion from a Somali 297 

population.  Modesti et al. [27] reported sodium excretion of 97 mmol/24h in 25 young Somali 298 

immigrants to Florence, Italy upon arrival and a significant increase to 165 mmol/24h after six 299 

months of residence. This was accompanied by an 11 mmHg increase in SBP. Our results are 300 

similar to the reported sodium excretion after 6 months, suggesting Somalis in Oslo may have a 301 

similarly western-acculturated diet with respect to salt [27]. Health implications of this potential 302 

dietary change could apply to Somalis living in Norway, making it important to continue 303 

monitoring lifestyle risk factors and health outcomes [10,12].   304 

 305 

Men were found to consume significantly more sodium than women, which is reported in the 306 

majority of previous studies investigated [25,8,28], with the exception of Oyebode et al.’s [26] 307 

systematic review of sodium intake in Sub-Saharan Africa. This is perhaps due to higher food 308 

consumption among men[29].  This study also suggests an inverse relationship between salt 309 

intake and age. We hypothesize this could be a result of increased consumption of fast- and 310 

prepared- food among younger people, which tend to have higher salt contents than home-made 311 

meals.  312 

 313 

A decreased Na:K ratio has emerged as an important factor conferring protection against 314 

hypertension and CVD. Potassium has consistently shown blood pressure lowering effects by 315 

interacting with salt-sensitive processes to mitigate the blood pressure increasing effects of 316 

dietary sodium [1,30-32]. Fruits and vegetables are foods typically rich in potassium.  Na:K 317 

ratios worldwide demonstrate a wide range,  predominantly higher than the unofficial WHO 318 

recommendation of 1:1 [33]. Our results are reflective of this, with a large variance and values in 319 

the range of other reports.  The highest reported ratio from Western-European populations is, to 320 

our knowledge,  the 3.23 ratio, found in the Gubbio population in Italy [1]. At the lower limit, 321 

Laatikainen et al. [23] reported ratios of 2.08 for men and 1.92 for women in the Finnish 322 

population.  The Somali population in Florence from Modesti et al. [27] demonstrated increased 323 

sodium compared to potassium intake after six-months of residence in Italy – from 2.02 (at 324 
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arrival) to 3.0 (after six months). In comparison, our study population has an intermediate ratio.  325 

While our Na:K results are similar to previous studies, from an absolute perspective, our study 326 

population consumes far less potassium compared to most populations, which suggests a lower 327 

fruit and vegetable intake. 328 

 329 

There was no significant association between sodium intake and blood pressure (SBP and/or 330 

DBP) in our study, which is contrary to many comparable studies, [34,1,35].  One reason for this 331 

may be that there is individual day-to-day variability in the diet, which affects a given 24-hour 332 

sodium excretion. While 24-hour excretion is considered the best indicator for population intake, 333 

one single 24-hour excretion is not a precise indicator of a person’s habitual intake [15,36]. In 334 

addition, certain recent meta-analyses have demonstrated a small and/or weak relationship 335 

between sodium intake and blood pressure in populations consuming under 217.39 mmol/24h of 336 

sodium and in normotensive populations [30,5].  Our sample has a relatively low prevalence of 337 

hypertension, with the majority of participants excreting less sodium than 217.39 mmol/24h.  338 

 339 

 340 

Strengths 341 

 342 

We approached this study with standardized methods – using 24-hour urinary excretion 343 

(considered the gold standard) to estimate dietary intake of salt, sodium, and potassium alongside 344 

a validated protocol for collection/analysis; and adherence to WHO’s recommended framework 345 

for NCD surveillance (STEPS) [20].  In addition, recruitment was community-based, focusing on 346 

Norway’s largest non-Western immigrant population, allowing us to gain understanding of their 347 

demographics, sodium and potassium intake and blood pressure status, important background 348 

information for effectively improving the health status of marginalised populations [37-39].  349 

 350 

 351 

Limitations 352 

 353 

This study has some limitations.  Selection bias may be present as there were some eligible 354 

members of the Somali community in the borough who declined participation or could not be 355 

reached. In addition, this study selected participants from only one out of 15 districts in Oslo, 356 

which may not be representative of Somalis living in other parts of the country.  Still, 357 

comparison of education levels and age distribution of included participants to data from 358 

Statistics Norway suggests that the participants were demographically representative of Somali 359 

adults in Norway [40].  360 

 361 

Despite using gold standard methods for estimating salt intake, the collection of one sample per 362 

participant is a limitation.  Conducting repeated collections and analyses were not feasible. 363 

Nevertheless, one-time collection of 24-hour urine is considered a highly valid method for 364 

estimating salt intake at the population level [15,13,16]. Still, our results should be interpreted 365 

with caution with respect to generalisability of the findings. 366 

 367 

 368 

 369 

 370 
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CONCLUSION 371 

 372 

Although above the WHO recommended intake for salt, the estimated salt intake in this Somali 373 

immigrant population is within the lower range of salt intakes globally and in Western Europe. 374 

Younger men were found to have the highest intake. This study is the first of its kind of an 375 

immigrant population in Norway, and it contributes to the small number of studies estimating 376 

salt intake in immigrant groups globally. It provides important baseline data on salt intake for 377 

comparison to other immigrant groups and ethnic Norwegians, and for inclusion in follow-up 378 

studies of longitudinal design.  379 

 380 

 381 

 382 
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TABLES 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 
Table 2   Urine analysis laboratory data of participants who returned complete 24-hour urine 

samples, according to gender 

 Men (n=75) Women (n=84)  Total (n=159) 

 Mean Mean p Mean 

Urine volume 

(mL / 24 h) 

2061 (775) 1780 (649) 0.014 1913 (722) 

Creatinine 

(mmol/24 h) 

15.8 (3.9) 10.3 (4.8) <0.00

1 

12.9 (5.2) 

Na (mmol/24 

h) 

150.6 (57.0) 126.6 (62.4) 0.013 137.9 (61.3) 

K (mmol/24 h) 66.9 (25.5) 54.8 (19.5) 0.001 60.5 (23.3) 

Na:K  2.5 (1.2) 2.4 (1.1) 0.665 2.4 (1.1) 

NaCl (g/24 h) 8.80 (3.38) 7.39 (3.64) 0.013 8.05 (3.58) 

 521 

 522 

 523 

 524 

Table 1   Clinical and demographic characteristics of participants, according to gender 

 Men (n=74; 46.8%) Women (n=84; 53.2%)  Total (n=158) 

 Mean (SD) Mean (SD) p
a
 Mean (SD) 

Age (years) 42.3 (11.3) 38.4 (10.5) 0.026 40.3 (11.1) 

Years lived  

in Norway 

13.6 (7.5) 12.1 (6.1) 0.161 12.8 (6.8) 

Years of 

education 

11.9 (4.0) 8.0 (4.9) <0.001 9.9 (4.9) 

 

  N (%) N (%)  N (%) 

Marital status Married 56 (75.7) 51 (60.7)  107 (67.7) 

Single, 

separated 

or divorced 

18(24.3) 33 (39.3)  51 (32.3) 

Systolic BP 

(mmHg) 

129.9 (16.9)  118.3 (18.0) <0.001 123.8 (18.3) 

Diastolic BP 

(mm Hg) 

83.3 (10.0)  78.7 (8.6) 0.003 80.9 (9.6) 

a
p represents asymptotic significance 
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Table 3   Multiple linear regression showing the relationship between daily sodium excretion 

(mmol/24h) and demographic factors ;univariate (crude) and adjusted estimates are shown  

 

 Crude  

estimate 

95% CI p Adjusted 
a
 95% CI p 

Lower Upper Lower Upper 

Years lived 

in Norway
b
 

-0.03 -1.41 1.47 0.97 0.2 -1.30 1.64 0.82 

Years of 

education
c
 

2.6 0.6 4.5 0.01 0.1 -0.7 3.6 0.19 

a
 coefficients for each demographic factor was adjusted for by inclusion of relevant confounders. 

b
Years lived in Norway was adjusted by gender, age, and years of education. 

c
Years of education was adjusted by gender, age, and years lived in Norway. 
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 526 

 527 

FIGURES 528 

 529 

See separate file for figures. 530 
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