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Introduction  

Migration and health 

We reside in a world being globalised at an increased pace. Due to wars, conflicts 
and government persecution, many people have been forced to flee their native 
countries during the last decades. By the end of 2020, 19.7% of the Swedish 
population were born abroad, in comparison to 11.3% in 2000 (1). Between these 
two decades, an increasing number of people have fled from the Middle Eastern 
region - from Iraq and Syria in particular. The changing demography affects the 
panorama of diseases and the need for research on the matter is evident, in the long 
run to ensure equal healthcare.  

Migration and health are today recognised as a global health priority (2) – the 
following thesis is an acknowledgement to this.  

Middle Eastern Immigrants and health 

The Middle East 

The definition of the Middle East is somewhat an unstable construction and there is 
a lack of consensus on the definition and when to use it. Many global organisations 
use the construct MENA (Middle East and North Africa) further demonstrating the 
indefinite way to use the Middle East definition. Countries often included in the 
Middle East are heterogeneous in development levels, ranging from among the 
world’s richest countries including Qatar and the United Arab Emirates to one of 
the world’s poorest countries, Yemen. 

It has for long been known that the Middle Eastern region exhibits 
disproportionately high rates of type 2 diabetes (3). Thus, most research initiatives 
on Middle Eastern immigrants living in Western countries, have primarily focused 
on diabetes and reported increased prevalence rates of the disease among this group 
(4, 5). Research on other cardiovascular risk factors is more lacking and the research 
is heterogeneous in general.  

Many of the studies focusing on Middle Eastern immigrants examine populations 
from a mix of countries, or with no specifications on the composition. A thorough 
review going through existing research on Arab Americans and their health 
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concluded that nearly 50% of the existing studies, within the field, did not specify 
the study populations included thus making comparisons challenging (6).  

Previous studies on blood pressure in specific include the Norwegian ‘The Oslo 
Immigrant Health study’ that was conducted in 2002, based on first-generation 
immigrants from Iran, showing lower prevalence of hypertension in this group in 
comparison to immigrants from Turkey, Pakistan or Sri Lanka. No comparison was 
made against a native control population (7). A 2019 population-based Spanish 
study from Catalonia, which used a local healthcare database, disclosed lower rates 
of hypertension among immigrants from North Africa/Middle East, than in the 
native population (5). A Canadian retrospective study also showed lower rates of 
hypertension among Middle Eastern immigrants, than in a non-immigrant 
population, thus higher rates of diabetes (8). A smaller (n=80) Danish study 
including male native Danes and Afghanistan-born immigrants, investigated 24-
hour ambulatory blood pressure monitoring (ABPM) and salt sensitivity, and 
showed the Afghani group with lower ABPM and less sensitivity to a change in salt 
intake (9). A US study based on a National Health Interview Survey, including 
almost 42,000 immigrants from various areas, showed higher rates of diabetes but 
not hypertension in the Middle Eastern group (4). 

Similar studies on renal function are sparse. A Swedish cohort study based on the 
National Patient Register showed that immigrants born in Iraq had an increased 
incidence of end-stage renal disease (ESRD), both for women and men. However, 
individuals born in Iran did not show this trait. The increased risk disappeared 
among second-generation immigrants (10). On the contrary, a Canadian Ontario-
based population study using administrative health datasets reported that the rate of 
ESRD requiring dialysis was lower among immigrants from the Middle East, in 
comparison to long-term Canadian residents (11). 

Recently, a Swedish register study based on the national “Swedish Prescribed Drug 
Register” showed lower rates of cardiovascular mortality as well as all-cause 
mortality among immigrants from the Middle East with diabetes, in comparison to 
native Swedes. In general but without extrapolated data for Middle Eastern 
immigrants, the lower risk disappeared among second-generation immigrants (12). 
The Canadian Ontario-based population study showed similar results (11). 

Subsequently, there is a gap of knowledge on contributing risk factors to 
cardiovascular diseases (CVD) within this population. Previous studies often lack 
comparisons with the native population, and very few studies have been designed 
to examine cardiovascular risk factors specifically in this group.  
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The MEDIM study 

A Swedish research initiative on Middle Eastern immigrants is the MEDIM (impact 
of Migration and Ethnicity on Diabetes In Malmö) study that was designed and 
conducted in Malmö, Sweden during 2010-2012, with the aim to further investigate 
and aid in the understanding of mechanisms behind the increased risk for type 2 
diabetes in Middle Eastern immigrants. 

At this time, the largest group from the Middle East residing in Sweden was Iraqi-
born immigrants, thus this group were chosen as a representative for the Middle 
Eastern immigrant population in general. Iraq has been in excessive turmoil during 
the last decades with wars and has been at the centre of the ISIL invasion during the 
2010s, which forced millions of people to flee their land. The population is of Arabic 
origin - to a large extent - but Iraq is also known as an ethnically diverse country 
including Kurds and Turkmens.  

 

Figure 1. A map of Iraq (green in the middle) and its neighbouring countries. Copyright iStock by Getty Images. 

The MEDIM study compared Iraqi-born immigrants in Sweden with a control 
population born in Sweden recruiting over 2000 participants and included metabolic 
profiling as well as data on socioeconomic factors and lifestyle (13). MEDIM 
concluded that prevalence of type 2 diabetes was around twice as high in the Iraqi 
group (11.6% vs. 5.8%) (14). Being born in Iraq was a risk factor for developing 
diabetes, independent from other traditional risk factors. Further, within the Iraqi 
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group, there was a cluster of cardiometabolic risk factors including physical 
inactivity, obesity, abdominal obesity and hypertriglyceridaemia (14). CVD risk has 
also been studied in the original MEDIM population showing higher self-reported 
prevalence of CVD in the Iraqi population, if diagnosed with diabetes type 2, but 
lower prevalence if diabetes-free (13).  

Contradictory, despite the profusion of traditional risk factors, mean blood pressure 
levels were paradoxically lower in the Iraqi born group (15).  

Considering the lower all cause and cardiovascular mortality rates among Middle 
Eastern immigrants, this might suggest that this group exhibit protective properties 
against CVD involving a more favourable blood pressure regulation, thus - the main 
theme of this thesis was born.  

The contributing role of ethnicity to diseases  

The matter of using race/ethnicity within medicine is debated, especially during 
recent years, in line with the ongoing debate in society. Our history contains a 
profound number of examples of injustice and its argued that the use of race and 
ethnicity within medicine sustains inequality (16). In 2020, the ‘American Medical 
Association’ adopted a new policy to recognise race as a social construct, rather than 
a biological construct (17), which has been further argued in high impact journals, 
proposing that the use of race should be reconsidered (18). The debate also contains 
voices arguing that it would be inappropriate to fully abandon race and ethnicity in 
clinical practice and research, as these variables are able to capture important 
epidemiological information and in turn could contribute to explain racial and ethnic 
health inequalities (19).   

By that means, differences in health and health outcomes between ethnic groups are 
well known and studied. An apparent example is single gene disorders, such as 
cystic fibrosis being highly prevalent in northern Europe (20) and thalassemia in the 
Mediterranean region (21). More complex diseases including type 2 diabetes or 
hypertension, which are not solely genetic diseases, are also affected by genetic 
factors as well as by epigenetics i.e. the modifying role of behaviour and 
environment on the expression of genes and gene activity, which partly explains the 
increased risk of cardiometabolic diseases in certain populations (22). 
Environmental factors including lifestyle, cultural norms and a poor socioeconomic 
situation, play a considerable role in the contribution to these conditions (23-25). 
Socioeconomic disparities are common between ethnic groups (26) and a worse 
socioeconomic situation is a strong predictor for poor health outcome, exemplified 
in Sweden with refugees living in more socioeconomically vulnerable areas being 
at increased risk for developing diabetes than their counterparts residing in less 
vulnerable areas (27).  
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Migration and health – a bidirectional relationship 

The relationship between migration itself and health outcome could be viewed from 
different angles. In general, the migration process requires strong physical and 
mental abilities. This might render a selection of individuals with better health than 
for the general population, endorsing a ‘healthy migrant effect’ (28). Previous 
studies have shown that immigrants experience better health in comparison to native 
inhabitants during the first years in their new country (16, 17). Further, a US study 
concluded that immigrants in general, lived 3.4 years longer than the population 
born in the US (29). 

In contrast, migrants are regularly viewed as a vulnerable group, that in general, 
exhibit worse health outcomes (30). 

Factors affecting health outcomes among migrants include both pre-migratory and 
post-migratory ones. Pre-migratory factors include social factors in the country of 
origin (such as income and access to health care) and environmental factors 
(weather, toxins, exposure to war and political repercussions) (31). In the post-
migratory phase, factors like economic insecurity, the social situation including 
access to health care, possible discrimination and lifestyle changes play a 
considerable role (32, 33). 

Of interest, over time, - health factors among migrants tend to resemble the host 
population, a phenomenon often explained by changes in lifestyle and 
socioeconomic factors (34, 35). 

Renal function  

Blood pressure is strongly related to the kidneys, both regulatory and 
pathophysiological, which will be outlined below. With the paradoxical low blood 
pressure in the Iraqi group, renal function within this group emerged as a 
fundamental topic to study further. 

The kidneys and their function 
The human kidneys carry out a variety of important tasks within the body, which 
includes excretion of waste products, regulating acid-base balance, fluid balance, 
electrolyte concentrations and blood pressure. The kidneys also stimulate the 
production of red blood cells through erythropoietin and convert 25-(OH) vitamin 
D into active D vitamin (1,25 dihydroxy-vitamin D) for calcium homeostasis (36-
39). 
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The kidneys are located retroperitoneally alongside the spine measuring around 10-
13 cm each. Blood from the systemic circulation reaches the kidneys through the 
renal arteries with the amount of approximately 1-1.25 L/min rendering 20-25% of 
the total cardiac output (blood flow the heart) directed to the kidneys (40). 

The kidneys functional unit is the nephron, which contains a capillary network 
called a glomerulus, Bowman’s capsule and a renal tubule. Each kidney consists of 
around one million nephrons (41). 

Kidney diseases are broadly divided into acute kidney injury (AKI) and chronic 
kidney disease (CKD), with this thesis focusing on the latter. 

 

Figure 2. The human kidneys. a. external view b. internal view c. nephron.  Faria J, et al. Arch. Toxicol (42). With 
permission from SpringerLink. 

Chronic kidney disease 

According to the ‘Kidney Disease Improving Global Outcomes’ (KDIGO) 
guidelines from 2012, CKD is defined as an estimated glomerular filtration rate 
(eGFR) below 60 mL/min/1.73m2 during at least three months (43). CKD could be 
further categorised into different stages (Table 1) (44). 
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Table 1. Stages of CKD.  

eGFR (mL/min/1.73m2) CKD stage Renal function 

≥90 G1 Normal or high 

60-89 G2 Mildly decreased 

45-59 G3a Mildly to moderately decresead  

30-44 G3b Moderately to severely decreased 

15-29 G4 Severely decreased 

<15 G5 Kidney failure 

 

The two major causes of CKD in the developed world are diabetes and hypertension 
(45). In developing countries, aetiologies are more heterogeneous - with for instance 
HIV and environmental toxins causing a large proportion of cases such as pesticides 
and herbals (46). It should, however, be pointed out that CKD caused by 
hypertension is criticised as a concept, considering that most CKD patients develop 
hypertension during the disease course itself. Hypertensive changes in a kidney 
biopsy are non-specific and could rather reflect a late diagnosis or insufficient 
diagnostics (47). As of today, we surely lack knowledge on the spectra of different 
kidney diseases, especially the ones that run in families. 

Previous reports from the US have described that as much as approximately 30% of 
patients with type 1 diabetes and 40% of patients with type 2 diabetes develop signs 
of diabetic kidney disease (DKD) (48, 49). The development of DKD is associated 
with several structural changes in the kidneys. Classically, the characteristics 
include thickening of the glomerular basement membrane, mesangial volume 
expansion, nodular glomerular sclerosis and tubulointerstitial fibrosis (50, 51). 
Clinically the pattern has been described as primarily glomerular hyperfiltration 
(higher GFR) progressing to albuminuria with subsequent decline in GFR (52). 
However, studies during the last decade have shown that the disease presents itself 
in various ways, not always following the classic pattern. For instance, a 2016 
autopsy study for instance, indicated that DKD may be underdiagnosed with several 
objects not exhibiting classical hallmarks such as albuminuria or lower GFR (53).  

The prevalence of CKD globally was in 2017 estimated to be around 9.1% by the 
Global Burden of Disease (GBD) study (54). Another meta-analysis using a 
different collection of data has estimated an even higher rate of 13.4%  thereby 
enlightening the uncertainties surrounding these numbers (55). The GBD study 
further estimated that 1.2 million deaths in 2017 were attributed to CKD (54).  

It is well known that reduced renal capacity is closely associated with increased risk 
of death and CVD – CKD patients are actually more likely to develop CVD, than to 
develop more severe stages of kidney failure and reach ESRD (56). 

The risk for CVD is potentiated by diminishing renal function, with the risk rising 
sharply for subjects with an eGFR below 45 mL/min/1.73m2 (57). The mechanisms 
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behind the CVD risk can be viewed from different angles. Firstly, there is an 
abundance of traditional risk factors among CKD patients including hypertension, 
diabetes and dyslipidaemia among others (58). Traditional risk factors, however, 
cannot solely explain the CVD risk as illustrated by the general inaccuracy for the 
Framingham Risk Score (FRS) prediction algorithm among CKD patients (59). The 
additional risk augmentation is thought to depend on different mechanisms. For 
instance, with reduced function, the kidneys release hormones, enzymes and 
cytokines at increased pace that can lead to vasculature changes, atherosclerosis and 
specific media calcification of elastic arteries (60, 61). In addition, accumulation of 
uremic toxins and hemodynamic alterations, such as volume overload, strongly 
increases the CVD risk (62, 63). Other risk factors for CVD, which may be 
amplified among CKD patients include anaemia and malnutrition (64). 

Chronic kidney disease and ethnicity 

There are known disproportions in CKD prevalence between different populations; 
Some of the increased risk for CKD in certain populations can be attributed to 
differences in the burden of traditional risk factors, but research has shown that the 
increased risk persists also when adjusting for those factors. (65). The vast majority 
of studies on CKD and its progression, which focus on ethnicity, have been 
concentrated on African Americans in the US. It is well known that African 
Americans exhibit higher risk for CKD progression in comparison to Caucasians. 
Much attention has been given to variants in the Apolipoprotein L1 (APOL1) gene, 
as African Americans present with high prevalence rates of its high-risk alleles, 
contributing to increased CKD risk within this group. APOL1 increases the risk of 
several types of kidney diseases including hypertension associated ESRD, focal 
segmental glomerulosclerosis and HIV associated nephropathy. The relationship 
between APOL1 and DKD is more unclear as studies have not been able to show 
that APOL1 increases prevalence in DKD but may increase the progression rate 
(66). 

Another example of populations exposed to certain CKD traits is the ‘Mesoamerican 
nephropathy’, mainly affecting male agricultural workers in the Central American 
pacific west coast, with high rates of CKD and ESRD, with no correlation to 
traditional risk factors (67). Another famous example is the ‘Balkan endemic 
nephropathy’ with signs of chronic tubulointerstitial nephritis among residents of 
farming villages along the Danube River in Balkan, which is thought to be caused 
by aristolochic acids (68, 69). 

Knowledge on prevalence rates of CKD in Middle Eastern populations is lacking. 
The GBD study presented an age-standardised prevalence rate of CKD of 10.9% in 
Iraq in comparison to 6.8% in Sweden, however, based on insecure data (54). A 
meta-analysis from Iran found 18 relevant studies on prevalence rates for ESRD, 
with rates varying between 55 to 818 per million people (70) also highlighting the 
lack of reliable epidemiological data in this area. 
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Assessment of renal function 

The important task of assessing renal function is a comprehensive topic and still 
heavily researched. Today’s precision medicine makes proper assessments 
fundamental.  

The most widely used marker of renal function is GFR. Each nephron filters a 
certain amount and GFR is basically the average filtration rate from each nephron 
multiplied by the total number of nephrons (71). There is an individual variation in 
GFR, depending on factors such as age, sex, size, etc. It is also affected by food 
intake and activities; hence it varies during the day (72-75). As the individuals 
differs in size, GFR is indexed for the body surface area and expressed as per 1.73m2 
to enable comparisons between individuals (76).  

Since GFR cannot be measured directly in clinical practice, we routinely assess GFR 
from either clearance measurements or from levels of indirect filtration markers in 
the blood. Ideally, measured GFR (mGFR) should be used, based on clearance 
methods. The golden standard method has long been inulin clearance, which 
classically includes constant intravenous infusion and timed urinary samples (77), 
however, this is a time consuming and complex assessment which has rendered the 
development of other robust clearance methods including iohexol clearance.  

Iohexol clearance uses the non-ionic contrast medium iohexol first described for 
human use in 1980 (78). It is believed to be freely filtered through the glomerulus 
as it exhibits low molecular weight and low protein-binding properties (79, 80). 
Also, the extra-renal clearance is limited (between 2 to 3 mL/min/1.73m2) (81, 82) 
thus making it a suitable GFR marker. Iohexol is injected as a bolus dose for 
subsequent urinary, or most commonly plasma sampling of iohexol concentration 
for clearance measurement. After injection of iohexol, the concentration depends on 
the distribution between the intra- and extravascular volumes (fast phase) and later 
the elimination (clearance) by the kidneys (slow phase) (80, 83). It is ideal to 
measure iohexol concentrations in both phases for calculating the area under the 
curve (AUC), although, with the necessity of concentration samplings very 
frequently in the beginning. To facilitate an easier process, correction models have 
been developed to calculate AUC during the slow phase and correct for the fast 
phase (84). The choice of timing and number of samples is cumbersome and 
depending on what GFR levels to expect (85, 86), i.e. with normal GFR, the last 
sampling could be done four hours after iohexol injection but in cases with severely 
decreased GFR, the last sampling needs to be performed 24 hours post injection. 
Commonly used in clinical practice, it is the one-sampling method with obvious 
practical advantages (87), which has shown good accuracy (88). 
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Figure 3. Elimination of iohexol from plasma after a single injection representing the fast and slow phase. Delanaye 
P, et al. Clin. Kidney. J. 2016 (89). With permission from Oxford University Press. 

As clearance methods are regarded as costly and somewhat cumbersome in daily 
practice, GFR is usually estimated from endogenous biomarkers - most commonly 
creatinine or cystatin C (90, 91). 

Creatinine is generated from the breakdown of creatine phosphate in muscles and 
the elimination process consists of filtration by the glomerulus (92) but also 
secretion in the proximal tubule (93). Generation of creatinine is affected by diet 
and muscle mass rendering variations in plasma levels dependent on age, sex and 
ethnicity (94, 95). 

Cystatin C is a proteinase inhibitor that is produced by all nucleated cells in the body 
at a constant rate (96). It is freely filtered through the glomerular membrane and 
thereafter reabsorbed and metabolised in the proximal tubule (97). In comparison to 
creatinine, cystatin C has been shown to work independently from age, gender, 
height and muscle mass (98). However, other influencing factors are more uncertain. 
For example, it is suggested that high doses of corticosteroids, obesity and 
inflammation may affect the production of cystatin C (99-101). 

There are numerous equations for calculating eGFR from either creatinine and/or 
cystatin C. The first widely recognised equation was published by Cockcroft and 
Gault in 1973, based on age, weight, height, creatinine and correction factors, 
mostly derived from hospitalised men with pre-existing CKD, i.e. ‘CG-equation’ 
(102). Another widely used formula was derived from the ‘Modification of Diet in 
Renal Disease’ study, subsequently named the MDRD equation (103), also 
furthermost based on a population with pre-existing CKD. The CG-equation is 
regarded to overestimate the true GFR while the MDRD-equation rather 
underestimates it, especially on subjects with normal renal function (104). 
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Hence, efforts have been done to find new more accurate equations. In 2009 the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was 
introduced (105) outperforming the previous equations (106), especially in 
situations with higher eGFR, and is therefore the recommended choice in the 
KDIGO 2012 guidelines (107). CKD-EPI utilises both a creatinine-dependent, 
cystatin C-dependent as well as a combined equation. 

Scandinavia has a long tradition in research on GFR assessment. In particular - two 
eGFR equations has been developed, the revised Lund-Malmö (LMrev) equation, 
based on creatinine, and the “Caucasian, Asian, Paediatric and Adult” (CAPA) 
equation, based on cystatin C (108, 109). LMrev is developed in a Swedish born 
population and has been shown to be more accurate in comparison to the CKD-EPI 
and MDRD equations in that population (108). The CAPA equation is derived from 
a population including Swedish and Japanese adults as well as Swedish and Dutch 
children (109). As of today, LMrev and CAPA are the main employed equations in 
routine practice in many parts of Sweden but lack full global recognition. 

The process of assessing the credibility for an eGFR-equation consists of a 
comparison between eGFR and mGFR based on an acknowledged method. The 
comparison typically uses three metrics; (110). 

 

 Accuracy describes the proportion of eGFR values within mGFR of a 
certain percentage (often ±30%). 

 Bias describes the mean/median difference between eGFR and mGFR. 

 Precision describes the variability of differences which could be described 
as standard deviations or interquartile ranges (IQR). 

Ethnicity and eGFR. 

In 1997 it was described that creatinine excretion was strongly affected by ethnicity, 
when comparing African Americans versus non-African Americans in the US, 
which led to underestimation of creatinine clearance (CG) among African 
Americans (111). Subsequently, both MDRD and CKD-EPI have added a 2-level 
variable for race/ethnicity (usually described as black vs. non-black). The matter has 
been further studied among residents in the US. It is, however, believed that there 
are existing differences in other ethnical groups as indicated by improved 
performance of the MDRD equation in both China and Japan, after the introduction 
of a Chinese and Japanese coefficient (112, 113).  

There is widespread criticism on the use of race-based adjusting variables in GFR 
estimation. In 2020, a task force was established by the ‘US National Kidney 
Foundation’ and the ‘American Society of Nephrology’ to reassess whether race 
variables should be included in GFR estimation, or not. The conclusion was 



24 

published in September 2021, calling for the removal of the race variable. The 
rationale included that all estimations have limitations, and that bias and inaccuracy 
should not be concentrated within one specific group. Hence, following the 
acknowledgment of estimating limitations, the task force also called for national 
efforts to facilitate an increased use of cystatin C (114). 

There is limited research on the accuracy of GFR estimation in populations of 
Middle Eastern descent. A Saudi Arabian study from 2008 investigated mGFR 
based on 51CrEDTA among 90 potential kidney donors and compared mGFR with 
eGFR based on the CG- and MDRD equations, reaching the conclusion that the CG 
equation was superior. The authors also proposed a correction factor to the equation 
(115). Another Saudi Arabian study with a smaller study population (32 
participants) and more deteriorated renal function, on overall showed better 
correlation with the MDRD- vs. CG equation in comparison to inulin clearance 
(116), further enlightening the heterogeneity of the matter. A more recent Saudi 
study from 2016 declared CKD-EPI based on creatinine alone as superior to CKD-
EPI based on Cystatin C alone or in combination with creatinine, as well as to the 
MDRD equation when compared to inulin clearance (117). 

Altogether, most of the studies including a Middle Eastern population have been 
performed in the well-developed Saudi Arabia and have, so far, been too limited for 
validation purposes. 

Albuminuria 

Albuminuria is another widely used marker for renal function. Albumin is a serum 
protein synthetised in the liver, with an integral role in maintaining oncotic pressure 
for body fluid distribution. It also functions as a transport protein. The molecular 
mass of albumin is approximately 66 kiloDalton (118). Under normal 
circumstances, the kidneys do not filter large molecules into the urine. Glomerular 
diseases such as diabetes nephropathy can affect the permeability of the glomerular 
capillary wall, rendering increased permeability leading to urinary passage of 
proteins such as albumin to the tubule. The reabsorption in the tubule could also be 
affected. Altogether this leads to increased leakage of albumin into the urine (119). 
Albuminuria can be detected, but not properly quantified by urine dipsticks. For 
quantification, albumin could be measured from a 24-hour urine collection, but this 
procedure is of course cumbersome in routine practice. Commonly the 
concentration is therefore measured in a spot sample, expressed in the unit mg/L. 
Since the urine concentration varies, the amount of albumin is compared to the 
concentration of creatinine, giving the measurement albumin/creatinine ratio (ACR) 
with the unit g/mol (120). From urinary ACR, albuminuria can broadly be 
categorised into three categories.  
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Table 2. Albuminuria categories. 

uACR (g/mol) Category Category 

<3 A1 Normal to midly increased 

3-30 A2 Moderately increased 

>30 A3 Severely increased.   

 

If urinary ACR is above 220 g/mol accompanied with low serum albumin, its 
regarded as nephrotic syndrome, which is potentially life-threatening with increased 
risk for thromboembolism and infections.  

In clinical practice, nephrologists usually investigate other proteins in the urine 
including low molecular weight proteins such as protein HC and Immunoglobulin 
G (IgG), which may reflect tubulointerstitial diseases if elevated (121). 

Proposed biomarkers 

The “Biomarkers Definitions Working Group” defines a biomarker as “A 
characteristic that is objectively measured and evaluated as an indicator of normal 
biological processes, pathogenic processes, or pharmacologic responses to a 
therapeutic intervention” (122). The most important characteristics for a useful 
biomarker are accuracy, reproducibility and easiness to measure. As the entire 
spectrum of a disease could be reflected by biomarkers, they could aid in prediction, 
diagnosis as well as in understanding the cause (mechanisms) of diseases. 

Considering the previously mentioned limitations for creatinine and cystatin C, the 
medical and research community have long searched for new biomarkers of renal 
function (123). Most research focus has been directed to settings of acute kidney 
injury, as the traditional markers are especially limited during acute changes and 
may delay diagnostics of AKI (124). In 2020, an expert group presented a consensus 
statement at the ‘Acute Disease Quality Initiative meeting', elucidating the need for 
further research but also suggesting that biomarkers should be used to identify high-
risk patients, improve diagnostic accuracy of AKI, improve processes of care as well 
as assist in the management of AKI. The suggested biomarkers include Kidney 
injury molecule-1 (KIM-1), tissue inhibitor of metallo-proteinases 2 (TIMP-2), 
neutrophil gelatinase-associated lipocalin (NGAL) and Pro-Enkephalin A (PENK) 
among others (125).  

The process for a new biomarker to reach wide acceptance is far from easy, perhaps 
best illustrated by cystatin C, which has been used in Swedish clinical laboratories 
in daily practice for decades, but is yet to be a conventional analyse in the US (126). 
Thus, most of the biomarkers listed above will most likely never become tools for 
daily clinical use.  
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Pro-Enkephalin (PENK) 

A new biomarker of particular interest is PENK. As early as 1975, the first 
endogenous opioids were discovered, which were named enkephalins (127). The 
enkephalins include subgroups that are biologically active (i.e. met-enkephalin, leu-
enkephalin), acting mostly on delta opioid receptors (128). Enkephalins are known 
to play a role in the modulation of pain and behaviour, among others and 
subsequently found in great numbers in the central nervous system (129). In animal 
research, the precursor PENK was also abundant in non-neural tissues such as the 
kidneys (130), making it intriguing to study from a renal perspective as well. The 
biosynthesis of enkephalins uses several steps, one of which is the cleavage of the 
precursor protein PENK, which has been shown to be stable enough for direct 
analysis in plasma hence working as a surrogate marker for enkephalins (131).  

As of today, PENK is predominantly studied as a biomarker for renal function, as 
high levels of PENK in plasma are associated with lower eGFR levels (132). As for 
most biomarkers, the research has mostly focused on acute clinical settings, 
including myocardial infarction and sepsis populations (133-135), but PENK does 
also correlate well with mGFR in stable and healthy subjects (136). Further, PENK 
has been shown to predict future decline in renal function as higher baseline PENK 
predicted significantly greater annual decline in eGFR during a mean follow-up time 
of 16.6 years (137). The same study also established a casual genetic relationship 
between PENK and CKD. 

The exact function of enkephalins in the kidneys are currently not fully understood, 
but it has been shown that they induce beneficial cardiovascular effects through the 
opioid effect – reducing the heart contractility, hence lowering blood pressure and 
heart rate. Enkephalins are also suggested to induce diuresis and natriuresis (138, 
139). 

Blood pressure and arterial stiffness 

Blood pressure regulation 

The term ‘blood pressure’ is referring to the pressure within large arteries in the 
systemic circulation, i.e. arterial pressure. Systolic pressure is defined as the 
maximum pressure when the heart is contracting, and on the contrary, diastolic 
pressure is defined as the pressure during the heart relaxation between beats. The 
pressure (mmHg) correlates to cardiac output, arterial elasticity and peripheral 
vascular resistance. The regulation consists of several different mechanisms but is 
still not completely understood. However, the kidneys play a crucial role (140) by 
the renin-angiotensin-aldosterone system (RAAS) affecting the blood pressure 
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regulation through vasoconstriction, sodium and water reabsorption among others 
(141, 142).  

Hypertension 

Hypertension is defined as persistently elevated blood pressure; the exact definition 
varies somewhat. US guidelines emphasises a threshold of 130/80 mmHg for mild 
hypertension (143) while European guidelines uses the threshold 140/90 mmHg 
(144). Classically, hypertension is divided into essential and secondary 
hypertension, the latter including aetiologies such as Cushing’s syndrome and renal 
artery stenosis, which however is not the scope of this thesis (145). The vast majority 
of hypertension cases are classified as essential hypertension. Prevalence rates of 
hypertension are high and age-dependent, possibly around 30-45% in Europe (146). 

Genetics and environmental factors (147) play a complex role in the development 
of hypertension. The exact aetiology, however, remains to be unravelled. Strong risk 
factors include increasing age, sedentary lifestyle, smoking, low socioeconomic 
status and increased salt intake in salt-sensitive subjects among others (148-150). 

Salt intake is of interest as it interferes with the natural blood pressure regulating 
mechanism by means that are not fully understood, although is believed to involve 
modifying the RAAS activity, activation of the sympathetic nervous system and 
increased peripheral resistance (151-153). The effect of salt intake on blood pressure 
is well studied in large multi-centre studies (154) but could be further illustrated by 
the Yanomamo Indians, an indigenous tribe in the rain forest of Brazil and 
Venezuela that use a diet with no salt. In 1975, it was shown that blood pressure in 
this group did not increase with ageing. Blood sampling also showed high renin and 
aldosterone activity acting as a proxy of the likely characteristics for humans before 
modern civilization (155).  

However, today it is recognised that individuals exhibit different susceptibilities to 
blood pressure increment from varying salt intake (156), hence the creation of the 
concept salt-sensitive or salt-resistant individuals. The mechanisms behind this 
phenomenon are as of today not fully understood but are likely based on a complex 
interaction of environmental factors with genetic modulation. Genetic studies have 
identified genes within RAAS as well as genes for the renal epithelial sodium 
channel (ENaC) associated with the susceptibility to salt induced hypertension (157, 
158). Salt-sensitivity has been studied in subpopulations in the US, concluding a 
more pronounced effect from salt intake on the increase on blood pressure increase 
in the African American population (159). 
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Vascular ageing 

As mentioned previously, age and ageing are strong risk factors for rising blood 
pressure, predominantly by structural changes in the arteries.  

During the life course, the systolic blood pressure rises and diastolic blood pressure 
decreases, at least after 60-65 years, as the age increases, which has been attributed 
to increased arterial stiffness (160). There are several mechanisms contributing to 
the stiffening. As every heartbeat leads to stretching and relaxation of large elastic 
arteries, this gradually damages the arterial wall with depletion of elastin content 
and a relative increase of collagen in the arterial media (161). The process is also 
accelerated by hyperglycaemia and systemic inflammation (162, 163). The 
frequently used name for the changes is arteriosclerosis. A marker for these changes 
is increased pulse pressure (PP) (i.e. the difference between systolic and diastolic 
blood pressure) (164), which is easily obtained through blood pressure 
measurements. The blood pressure is commonly measured in the brachial artery, 
which is a muscular artery that is not exposed to arteriosclerosis to the same extent 
as large elastic arteries (aorta, carotids) (165). Hence, brachial PP underestimates 
the central PP leading to the necessity for other markers.  

Pulse wave velocity 

The most accepted biomarker for arterial stiffness is carotid-femoral ‘pulse wave 
velocity’ (PWV) (166). PWV is based on the assumption from physics on flow of 
an incompressible fluid, which in this case translates into a pulse wave travelling 
faster in a tube with rigid walls. Thus, increased stiffness results in an increased 
PWV. The mathematical model was described by Bramwell and Hill, which 
includes change in blood pressure ( P), change in blood volume ( V) and blood 
density (p) (167). 

𝑃𝑊𝑉  
∆P V
∆𝑉 𝑝

 

The pulse waves are measured at two sites, and PWV is derived through the distance 
between measuring sites (L, direct distance multiplied by 0.8 for approximating 
the true arterial distance and transit time (t) (168) Different techniques and 
localisations can be used. but the golden standard method is based on measurement 
in the right common carotid and right femoral artery, i.e. c-f PWV (6). This c-f PWV 
is described in m/s and a value exceeding 10 m/s is considered elevated (168). 

The same device used for PWV measurements is usually able to retrieve central 
blood pressure through pulse wave analysis, performed at the arteria radialis via a 
transducer. PWV has been shown to be an independent predictor of cardiovascular 
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risk in meta-analyses, both in at-risk populations of patients and in the general 
population (169, 170). To exemplify, each increase of one m/s in PWV was shown 
to increase the risk for CVD events or all-cause mortality by around 15% (171). 

The vascular ageing process takes a more rapid course in some individuals, which 
has been coined as Early Vascular Ageing (EVA), and was first described in 2008 
and describing individuals with advanced arteriosclerosis already at a young age 
(172). The exact definition of EVA is however not fully established as of today, and 
the PWV thresholds to use for risk estimation is not agreed upon. In spite of this, 
the EVA concept could be an important future tool to identify high-risk subjects at 
an early stage. 

Studies on ethnicity and PWV follow the consistent theme throughout this thesis, 
being mostly done in US settings on the African American population, concluding 
that this population exhibit increased PWV in comparison to Caucasians, even in a 
young normotensive population (173). The difference may be part explained by 
environmental factors such as lower socioeconomic status and unhealth behaviours 
resulting in obesity, both having a strong impact on increased stiffness (174). So far, 
studies have not been able to show any significant difference in genetic 
predisposition to increased arterial stiffness between ethnic groups (175) but it is 
most certainly a subject with knowledge gaps. 

Diabetes 

Diabetes pathophysiology and classification 

Although not the main topic of this thesis, the fundamental characteristic for 
diabetes is elevated blood glucose levels (hyperglycaemia). The hormone insulin 
secreted from pancreatic beta-cells, but also peripheral or hepatic insulin resistance 
play immense roles in the pathogenesis of the disease through the impact on glucose 
regulation. For a long time, diabetes has been classified into two main categories: 
type 1 diabetes and type 2 diabetes. Type 1 diabetes is characterised by an auto-
immune destruction of beta-cells rendering absolute insulin deficiency, but type 2 
diabetes is multifactorial, mainly driven by a combination of impaired insulin action 
(or insulin resistance) and impaired insulin secretion. The pathophysiology is 
complex and affected by genetic, epigenetic, lifestyle and socioeconomic factors 
(176). 

In 2008, the “All New Diabetics in Scania” (ANDIS) study was initiated, which 
includes patients in the Scania region in Sweden that are diagnosed with diabetes 
and followed for complications and is ongoing as of today. 



30 

In 2018, a seminal paper based on the ANDIS study suggested that diabetes is too 
heterogeneous to be divided only in two groups. In all, five subgroups of diabetes 
based on patient characteristics and risk of diabetic complications were defined 
(177). The included basic characteristics were ‘age at onset of diabetes’, ‘BMI’, 
‘HbA1c’, ‘estimate of β-cell function’ (HOMA2-B), ‘insulin resistance’ (HOMA2-
IR) and ‘presence or absence of glutamic acid decarboxylase antibodies’ (GADA). 
The main diabetes complications studied were CKD, retinopathy and stroke. The 
following new clusters were proposed: 

 

 Cluster 1; Severe autoimmune diabetes (SAID). Characterised by early-
onset, low BMI, poor metabolic control, insulin deficiency and presence of 
GADA. 

 Cluster 2; Severe insulin-deficient diabetes (SIDD). Characterised by early 
onset, low BMI, low insulin secretion, poor metabolic control, GADA 
negative. Increased risk of retinopathy.  

 Cluster 3; Severe insulin-resistant diabetes (SIRD). Characterised by insulin 
resistance, high BMI. Increased risk of CKD. 

 Cluster 4; Mild obesity-related diabetes (MOD). Characterised by high BMI 
but not insulin resistance.  

 Cluster 5; Mild age-related diabetes (MARD). Characterised by polder 
patients but only modest metabolic derangements.  

 

Three other cohorts were used to replicate the clustering, the ‘Scania Diabetes 
Register’, the ‘All New Diabetics in Uppsala’, Sweden and the ‘Diabetes Registry 
Vaasa’, Finland (177). 

As of today, the contributing role of ethnicity to the new clusters has not been 
studied. Previous research has shown disparities in insulin sensitivity and insulin 
response depending on ethnicity. A meta-analysis from 2013 concluded that 
populations originating from Africa and East Asia have a more unbalanced 
relationship between insulin sensitivity and insulin response, in comparison to 
Caucasian subpopulations, making these groups more susceptible to diabetes (178). 
Further, the MEDIM-study has shown that in the Iraqi group, a large proportion of 
‘diabetes-free individuals’ exhibit relative insulin deficiency as the insulin secretion 
could not compensate for the insulin resistance (179) 
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Cardiovascular diseases 

The topics of this thesis – CKD, hypertension, arterial stiffness and diabetes are all 
strong risk factors for CVD - isolated, but often connected to each other. CVD 
includes coronary heart disease, peripheral vascular disease and cerebrovascular 
disease and is regarded to be the leading cause of death globally; the World Health 
Organisation (WHO) estimated that 32% of all deaths in 2019 could be attributed to 
CVD (180). The ethnic variation in CVD is well established – often showing an 
increased risk in various minority groups in Western countries. Part of the increased 
risk can be attributed to a clustering of traditional risk factors including lower 
socioeconomic status. However, in general, this just partly explains the increased 
risk. Hence, there are additional factors that remain to be unravelled (181, 182).  
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Aims 

Overall aims 

The overall aim of this thesis was to explore the contradictory findings that Middle 
Eastern immigrants exhibit more favourable blood pressure levels and display lower 
CVD risk than the native Swedish population, despite an accumulation of traditional 
cardiometabolic risk factors including diabetes. The aim was hence to explore 
potential differences across ethnicities in factors involved in the regulation of blood 
pressure and renal function, as well as on diabetes characteristics. This also aimed 
to enlighten the importance of a global perspective on health, which could further 
aid in developing a more individualistic and multi-ethnical approach in healthcare 
rendering greater health equity. The hypothesis was that differences exist in 
cardiometabolic risk factors and their regulating mechanisms across ethnicities. 

Specific aims 

Paper I: To study differences across Middle Eastern and European ethnicities in 
renal function and associations between renal function and blood pressure. 

Paper II: To study differences across Middle Eastern and European ethnicities in 
diabetes traits and diabetes complications. 

Paper III: To study differences across Middle Eastern and European ethnicities in 
associations between the biomarker Pro-Enkephalin (PENK) and renal function  

Paper IV:  To study differences across Middle Eastern and European ethnicities in 
renal function based on a golden standard method and validate equations for 
estimating renal function in the Middle Eastern population. Further, to study arterial 
stiffness by a golden standard method and to correlate it with renal function. 
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Subjects and Methods 

This thesis is based on three research studies entitled the (a) MEDIM population-
based study, (b) ANDIS-study and (c) the MEDIM 2019 population-based study, 
which are outlined in Table 3. 
Table 3. Brief description of the studies used in the thesis. 

 
MEDIM ANDIS MEDIM 2019 

Papers I, III II IV 

Year 2010-2012 2008-20161 2019-2020 

Eligble participants Born in Iraq (n=1398) 
Born in Sweden (n=757) 

Born in Iraq (n=286) 
Born in Sweden (n=10641) 

Born in Iraq (n=31) 
Born in Sweden 
(n=32) 

Design Cross-sectional  Longitudinal follow-up Cross-sectional 

Primary outcomes eGFR, blood pressure, 
PENK 

Diabetes traits, diabetes 
complications 

mGFR, eGFR, PWV 

Statistical methods Linear regression, logistic 
regression 

Linear regression, logistic 
regresion, cox regression 

Linear regression, 
logistic regression, 
bootstrapping.  

1Is ongoing as of today, the years illustrate when participants were included for paper II. 

Included studies and methodology  

Paper I and III: The MEDIM population-based study 

The MEDIM population-based study was initially carried out between 2010 and 
2012 in Malmö, located in the southernmost part of Sweden. Malmö is Sweden’s 
third largest city with as of 2020, around 35% of its population being born abroad. 
In 2015 the most common place of birth besides Sweden, was Iraq (1). The study 
recruited residents of Malmö between the ages of 30-75 years rendering a final study 
population of 2155 participants (Iraqi-born n=1398 and Swedish-born n=757). 
Exclusion criteria included physical and mental illness to an extent that made 
participation impossible. To reduce socioeconomic bias, the participants in both 
groups were recruited from the eastern residential areas of Malmö, which are in 
general more socioeconomically vulnerable. Invitations were sent out via mail with 
a response rate of 49% in the Iraqi-born group and 32% in the Swedish-born group. 
The participants took part in physical examinations, fasting blood sampling, oral 
glucose tolerance test and filled self-administered questionnaires on lifestyle habits, 
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social background, family history, medical history and drug medication use. The 
investigation was conducted by Swedish- and Arabic speaking research nurses.  

Paper II: The ANDIS study 

The ANDIS study is an ongoing longitudinal cohort study which begun 1st January 
2008. It includes patients that are newly diagnosed with diabetes in the Scania region 
in Sweden which contains around 1 200 000 inhabitants. The participants in this 
study were included between the start on until 18 August 2016 and followed for 
CKD until 31 December 2016 and CVD until 5 April 2017. Inclusion criteria were 
individuals living in Skåne with newly diagnosed diabetes and born in either Iraq or 
Sweden. People with a duration of diabetes for more than two years were excluded. 
A total of 10 927 participants were finally included in the study (Iraqi-born n=286 
and Swedish-born n=10641). 

Fasting baseline blood samples were drawn upon inclusion. During follow-up, 
measurements for renal function (creatinine) were regularly updated from the 
clinical database at the Department of Clinical Chemistry, SUS Malmö.  

The study population was included in the prior cluster analysis identifying the five 
novel subgroups of diabetes (177), thus no ‘de novo’ cluster analysis was performed 
for this paper. 

CKD was expressed as stage 3A eGFR <60 mL/min/1.73m2 and stage 3B eGFR 
<45 mL/min/1.73m2 for at least 90 days and captured from the regular updates from 
the clinical chemistry database. Diabetic retinopathy was defined as at least 
moderate retinopathy and a diagnosis was based on fundus photographs, assessed 
by experienced ophthalmologists. Coronary events included angina pectoris, 
ischaemic heart disease and atherosclerotic heart disease based on the diagnostic 
codes I20, I21, I24, I251 and I253-I259 as defined by the International Classification 
of Diseases (ICD-10). Stroke was defined by I60-I61 and I64-I64. Coronary events 
and stroke were captured through the National Patient Register, describing 
hospitalization or visits to hospital policlinics. 

Genetic risk scores (GRS) were evaluated. The analyses used single nucleotide 
polymorphism (SNPs) identified in genome-wide association studies (GWAS), 
associated to type 2 diabetes (183), BMI (184), insulin secretion rate (ISR) (185) 
and insulin sensitivity index (ISI) (186). GRS was implemented in PLINK v1.9/2, 
an open-source GWAS analysis toolset. 

Paper IV: The MEDIM 2019 population-based study 

As a sub study to the original MEDIM-study, the MEDIM 2019 study was created 
to further investigate findings from the original one. It was conducted in Malmö, 
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Sweden, during 2019 to 2020. Due to the COVID-19 pandemic, it was put on hold 
in March 2020.  The study recruited participants mainly from the original cohort, 
inviting individuals between the ages 30-65 years born in Iraq or Sweden. As the 
main aim for the study was to investigate the correlation between mGFR and eGFR, 
the initial participants were supposed to exhibit a normal renal function, hence the 
mentioned age interval, and following exclusion criteria; cardiovascular disease, 
known diabetes type 1 or type 2, chronic kidney disease (eGFR <60mL/min/1.73m2), 
cardiovascular disease (myocardial infarction, stroke) and pregnancy. Due to the 
chemical characteristics of the iohexol clearance, untreated thyrotoxicosis, 
suspected thyroid cancer with the potential need for radioactive iodine or 
Myasthenia gravis acted as exclusion criteria as well.  

Totally 350 randomly selected participants from the original MEDIM-study were 
invited by mail. Of these, 81 responded and were scheduled for a first inclusion visit 
which included oral and written information about the study, signed informed 
consent and a physical examination by a physician (CN). To improve the 
recruitment, also new participants, not originating from the original study, were also 
included, if the inclusion/exclusion criteria were met. These invitations were based 
on the original MEDIM participants spreading the word in the local community. An 
additional 23 new participants were recruited that were not original study 
participants.  

Hence, a total of 104 participants attended the first inclusion visit. Sixty-three of 
them took part in the final visit. The drop-outs were mainly due to the COVID-19 
pandemic that temporarily stopped the study in March 2020. 

In between visits, blood samples were drawn to ensure correct design of iohexol 
clearance testing. At the main study day, blood samples were drawn, and each 
participant was physically examined by research nurses. Self-administered 
questionnaires in Swedish or Arabic were used to gather information on lifestyle, 
socioeconomic status and family history. 

PWV and central blood pressure were measured by the tonometry apparatus 
‘SphygmoCor‘ (Atcor Medical, New South Wales, Australia). After five minutes of 
rest, each participant sat in the supine position. A pressure sensitive probe obtained 
pulse curves from the carotid and femoral arteries. Distance was measured from the 
suprasternal notch to the femoral artery - and from the suprasternal notch to the 
carotid artery. The latter was subsequently subtracted from the prior and multiplied 
by 0.8. At the same time, an electrocardiogram registered the time from the peak of 
the R wave to the foot of the pulse wave, at the carotid and femoral arteries. The 
results were then used together with the distance to calculate PWV. The aim was to 
achieve two successful measurements. The mean value of PWV was used in the 
final analyses. In addition, central systolic and diastolic blood pressure were 
automatically computed from arterial waveforms at the arteria radialis, by a 
transfer function.  
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Iohexol clearance was performed by using the non-iodine contrast agent 
OmnipaqueTM  at the dosage 5ml (300 g I/ml). Omnipaque was injected through a 
peripheral venous catheter. At 180-, 200-, 220- and 240-minutes post injection, 
blood samples were drawn for measurement of iohexol concentration. 

Six different eGFR equations were calculated from creatinine and/or cystatin C. 
These were chosen as they have been included in previous papers and are outlined 
in Table 4. 

 
Table 4. Overview of the six different eGFR equations studied (paper IV) 

 
CKD-
EPIcreatinine(105) 

CKD-
EPIcystatinC(187) 

CKD-
EPIcombined(188) 

LMrev(108) MDRD(189) CAPA(109) 

First 
described 

2009 2008 2008 2011 1999 2014 

Original 
population 

US, diverse 
renal function 

US, diverse 
renal function 

US, diverse 
renal function 

Sweden, 
diverse 
renal 
function 

US, CKD-
patients. 

Japanese 
adults, 
Swedish 
adults and 
children. 
Dutch 
children. 

Clinical use Globally, 
recomended 
by KDIGO 

Globally, 
recomended 
by KDIGO 

Globally, 
recomended 
by KDIGO 

Standard 
method in 
Sweden 

Globally but 
diminishing 

Standard 
method in 
Sweden 

Ethnicity 
adjustment 

Yes (African 
American) 

Yes (African 
American) 

Yes (African 
American) 

No Yes 
(African 
American) 

No 

Laboratory Methods 

Creatinine 

All papers apart from paper II utilised creatinine measurements carried out at the 
Dept. Clinical Chemistry, Skåne University Hospital in Malmö. In paper II, blood 
samples were collected at various primary care health facilities in the Skåne region 
and creatinine was analysed at the different Clinical Chemistry departments in the 
Skåne region, which utilise the same apparatus and belong to the same main health 
care organisation.  

All papers used an enzymatic colorimetric assay with an isotope dilution mass 
spectrometry (IDMS)-traceable calibrator on the Hitachi Modular P analysis system 
(Roche, Basel, Switzerland).  

Cystatin C 

Cystatin C was assessed in paper I, III and IV. The analyses were carried out at 
the Dept. Clinical Chemistry, Skåne University Hospital in Malmö. For paper I, 
III, cystatin C was determined from frozen blood samples from the original MEDIM 
study between 2010 and 2012. Paper IV used venous blood samples collected at 
the study visits for direct analyses. All papers used an automated particle-based 
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immunoassay, adjusted to the international reference preparation ERM-DA 
471/IFCC, by the Hitachi Modular P analysis system (Roche) and reagents from 
DAKO (Glostrup, Denmark)  

Pro-Enkephalin 

Paper III assessed Pro-Enkephalin (PENK) as the main variable. Measurements 
were completed on frozen blood samples from the original MEDIM study in 2018 
at SpingoTec GmbH (Henningsdorf, Germany). The analyses used a 
chemiluminometric sandwich immunoassay that utilises a stable solid phase and 
tracer antibodies for detection of endogenous fragments of the precursor Pro-
Enkephalin A. 

Albuminuria 

In paper IV albuminuria was analysed in morning urine voids that were collected 
and directly analysed at the Dept. Clinical Chemistry, Skåne University Hospital in 
Malmö. Urine creatinine was measured by an enzymatic colorimetric assay with an 
IDMS-traceable calibrator on the Hitachi Modular P analysis system (Roche) in 
similarity to plasma creatinine. Measurement of urine albumin used an 
immunoturbidimetric assay on the Hitachi Modular P analysis system (Roche). 
Analyses were adjusted to the international reference preparation ERM-DA 
471/IFCC. By urine creatinine and albumin, the ratio was calculated to the albumin-
to-creatinine ratio (uACR). 

Iohexol 

The analyses at the Dept. Clinical Chemistry, Skåne University Hospital in Lund 
were done through protein precipitation by perchloric acid and then high-
performance liquid chromatographic (HPLC) with UV detection at 245 nm. The 
four-sampling method (iohexol samples at 180, 200, 220 and 240 minutes after 
injection of iohexol was used and thereafter mGFR was computed by the Bröchner-
Mortensen method (84). 

Statistics 

For statistical analyses, SPSS Statistics, version 23-25 (IBM, Armonk, New York, 
USA) and R were used. Through all papers, continuous data were presented as 
means (standard deviations; SD) if normally distributed. If not, data were presented 
as medians (interquartile ranges; IQR). Categorical variables were presented as 
numbers (percentage; %). When comparing continuous data across ethnicities, 
differences were calculated by linear regression models adjusted for age and sex. 
Differences between categorical variables (proportions) were calculated by logistic 
regression models adjusted for age and sex. Before linear regression analysis, non-
normally distributed (skewed) variables were log10-transformed to approximate 
normal distributions. A p-value below 0.05 was considered significant.  
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Paper I and III used multivariate linear regression analysis to study associations 
between SBP/DBP and eGFR (paper I) and between eGFR and PENK (paper III), 
adjusted for other cardiometabolic factors. As the mean values and standard 
distributions for continuous variables in these analyses differed in terms of ethnicity 
and sex. These variables were standardized within the strata of ethnicity and sex, 
i.e. z-scores. Both paper I and III utilized interaction analysis with the creation of 
interaction variables depending on country of birth (Pinteractinon=Country of birth x eGFRCAPA 

in paper I and Pinteractinon = Country of birth x PENK in paper III).

GRS analysis in paper II was done by logistic regression of z-score GRS in R. GRS 
were constructed in PLINK v1.9/2, by r2=0.1 and 250 kb window.  

Hazard ratios (HR) with 95% confidence intervals (CI) for diabetic complications 
in paper II were calculated by Cox regression. For the evaluation of eGFR 
equations in paper IV. Bias was defined as the median of the differences between 
eGFR and mGFR (expressed in mL/min/1,73m2) and as the median percentage 
difference between eGFR and mGFR in relation to mGFR (expressed in percent). 
Precision was determined by the interquartile ranges (IQR) of the difference 
between eGFR and mGFR. Accuracy was defined as percentages of eGFR within 
±10% (P10) or ±30% (P30) of mGFR. Non-parametric 95% confidence intervals 
(CI) were calculated for medians (bias) and proportions (P10 and P30). CIs for bias 
used the bootstrapping methodology with 1000 replications.

Ethical considerations 

Ethical permission for paper I and III was obtained as part of the MEDIM 
population-based study from the Regional Ethics Committee at Lund University 
(Dnr. 2009/36 and 2010/561). Paper II was approved as part of the ANDIS study 
by the Regional Ethics Committee at Lund University (Dnr.2006/584 and 
2012/676). For paper IV, ethical permission was obtained from the Swedish Ethical 
Review Authority (2019-01141). For all papers, participants provided written 
consent before participation following information. The studies were compliant 
with the Declaration of Helsinki (190). 
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Results 

Paper I 

The total study population consisted of 2155 participants (1398 born in Iraq and 757 
in Sweden). Individuals with a previous history of cardiovascular disease (stroke, 
myocardial infarction, angina pectoris) and individuals with missing values for 
eGFR due to laboratory limitations were excluded rendering a final study population 
of 1873 participants (1214 born in Iraq and 659 in Sweden). 
Table 5. Characteristics of the study population (paper I) 

Born in Iraq.   
N=1214 

Born in Sweden 
n=659 

p-value 

Age (years)3,4 45.0 (38.1-52.4) 48.7 (39.7-57.5) <0.001 

Male sex, n (%)1 722 (59.5) 353 (53.6)   0.007 

BMI (kg/m2)2 29.1 (4.3) 27.1 (4.5) <0.001 

SBP (mmHg)2 128.4 (16.4) 135.5 (19,7) <0.001 

DBP (mmHg)2   77.8 (10.2) 81.3 (11.4) <0.001 

Plamsa cystatin C (mg/L)3,4 0.87 (0.78-0.98) 0.88 (0.80-0.98)   0.052 

Plasma creatinine (µmol/L)2 69.9 (15.4) 74.8 (14.3) <0.001 

eGFRCAPA  (mL/min/1.73m2)3,4 96.5 (82.6-108.4) 93.6 (80.3-105.7)   0.009 

eGFRLMrev (mL/min/1.73m2)2 102.6 (13.8) 94.3 (14.3) <0.001 

eGFRMedel (mL/min/1.73m2)2 98.9 (15.6) 93.4 (15.0) <0.001 

eGFRCKD-EPIcsystatin C (mL/min/1.73m2)2 93.6 (18,1) 91.3 (17,7)   0.001 

eGFRCKD-EPIcreatinine (mL/min/1.73m2)3,4 104.7 (94.4 – 112.1) 95.0 (83,8.104.6) <0.001 

Heart rate (beats/min)2 71.4 (9.8) 69.0 (11.2) <0.001 

Diabetes, n (%)1,6 109 (8.9) 34 (5.2) <0.001 

Waist circumference (cm), men2 99.1 (10.4) 97.3 (11.4)   0.001 

Waist circumference (cm), women2 92.6 (10.3) 88.6 (13.7) <0.001 

Anti-hypertensive drugs, n (%)1,5 120 (9.9) 77 (11.7)   0.145 

Self-reported hypertension, n (%)1 135 (11.1) 93 (14.1)   0.059 

Alcohol consumers, n (%)1 217 (17.9) 552 (83.8) <0.001 

Active smokers, n (%)1 282 (23.2) 155 (23.5)   0.461 

Physically active <150 min/week, n (%)1 857 (70.6) 221 (33.5) <0.001 

Often feeling stress in daily life, n (%)1 454 (37.4) 128 (19.4) <0.001 

Data are presented as numbers1 (percentages) for categorical data,  means2 (standard deviations) or medians3 
(interquartile ranges) for continuous data. Non-normally distrubuted data were Log10-transformed5 before comparison 
analysis. 5Included ACE-inhibitors, ARB-antagonists, beta-receptor blockers, calcium antagonists and diuretics. 
6Defined as those with ongoing diabetes medication or positive oral glucose tolerance test.  
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The characteristics of the study population are presented in Table 5. 

Blood pressure levels were lower among Iraqi-born immigrants. Renal function as 
measured by eGFR was better in the Iraqi group using both creatinine (LMrev-
equation) and cystatin C (CAPA-equation) based measurements (102.6 vs. 94.3 
mL/min/1.73m2, p<0.001) and (96.5 vs. 93.6 mL/min/1.73m2, p=0.009). 

Stepwise linear regression showed that being born in Iraq was significantly 
associated with reduced risk of higher SBP when adjusted for several metabolic risk 
factors as outlined in Table 6. 
Table 6. Factors associated with higher systolic blood pressure in the whole study population (paper I) 

β 95% CI 

Age 5.61 4.75 – 6.47 

Country of birth (Iraq) -7.41 -8.83 - -5.99 

Sex (female) 6.41 5.04 – 7.78 

eGFRCAPA
 -2.75 -3.49 - -2.00 

Diabetes 1.53 -1.16 – 4.29 

BMI 4.47 3.74 – 5.20 

Heart rate 2.46 1.75 – 3.17 

Multivariate regression analysis with dependent variable systolic blood pressure. Expressed as β (beta)-values with 
95% confidence intervals. Significant data is bolded and implied by confidence intervals above or below zero. 
Continous data were standardised within the strata of ethnicity and sex (z-scores). 

The relationship between eGFRCAPA and systolic blood pressure is presented in 
Figure 4 illustrating a less steep line in the Iraqi group indicating a weaker 
association between eGFR and systolic blood pressure in this group. 

Figure 4: Relationship between systolic blood pressure and eGFR. From Nilsson C et al (191) 
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Subsequently, to determine whether there existed a significant modifying effect of 
ethnicity on renal function in relation to blood pressure - an interaction variable 
was created (Pinteractinon=Country of birth x eGFRCAPA). In linear regression, the interaction 
term was significant (Pinteractinon=Country of birth x eGFRCAPA=0.004), which 
indicates that the association between renal function and blood pressure differs 
depending on country of birth. The interaction term remained significant also 
when adjusting for BMI (Pinteractinon=Country of birth x eGFRCAPA=0.011). When 
using eGFRCKD-EPIcystatinC, the interaction term remained significant 
(Pinteractinon=Country of birth x eGFRCKD-EPIcystatinC=0.001), hence the relationship was 
not dependent on a specific equation. 

Paper II 

The initial study population consisted of 10927 participants (286 born in Iraq 
and 10641 born in Sweden). Due to missing data, the final study population 
consisted of 7227 participants (183 born in Iraq and 7044 born in Sweden). 

Characteristics are presented in Table 7. 
Table 7. Characteristics of the study population at baseline (paper II) Born in Iraq.   

N=183 
Born in Sweden 
n=7044 

p-value 

Age at diagnosis (years)2 51.4 (10.4) 61.2 (12.5) <0.001 

Men, n (%)1 130 (71) 4218 (59.9)   0.025 

BMI (kg/m2)2 30.6 (5.1) 30.6 (5.7)   0.060 

Hypertension, n (%)1 83 (45.4) 5125 (72.9) <0.001 

HbA1c (mmol/mol)2,3 66.9 (25.6) 62.7 (24.8)   0.656 

C-peptide, (nmol/L)2,3 1.1 (0.4) 1.3 (0.6)   0.984 

HOMA2-β2,3 84.7 (45.1) 90.7 (45.7)   0.203 

HOMA2-IR2,3 2.8 (1.4) 3.3 (1.9)   0.067 

GADA positive, (n (%)1 4 (2.2) 496 (7.0)   0.001 

GADA concentration (kE/L)2 148.3 (117.7) 159.6 (105.1)   0.977 

eGFRMDRD (mL/min/1.73m2)2  107.1 (27.6) 90.1 (24.9) <0.001 

Chronic kidney disease, n (%)1 

   eGFR <60 mL/min/1.73m2  1 (0.5) 448 (6.4)  0.184 

   eGFR <45 mL/min/1.73m2  - 111 (1.6)  0.995 

Data are presented as numbers1 (percentages) for caterogircal data or means2 (standard deviations) for continuous 
data. Linear regression (continious variables) or logistic regression (categorical variables) were used for comparisons 
between the groups adjusting for sex, age at diagnostis and BMI. Non-normally distributed data were Log10-
transformed3 before comparison analyses. 

Renal function was better in the Iraqi group at baseline (107.1 vs 90.1 
mL/min/1.73m2, p<0.001). In addition, hypertension was less prevalent in the Iraqi 
group (45.4 vs. 72.9%, p<0.001).  
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The distribution of diabetes clusters is presented in Figure 5. In the Iraqi group, the 
most prevalent diabetes subgroup was MOD followed by SIDD. The other clusters 
MARD, SIRD and SAID were however, less prevalent in the Iraqi group. 

The genetic risk score (GRS) analysis showed that the Iraqi group had higher GRS 
for type 2 diabetes (OR 1.19, 95% CI 1.046 – 1.353, p<0.001) and lower risk for 
insulin resistance (1.179, 1.035-1.343, p=0.013). GRS was lower for BMI (0.828, 
0.726-0.944, p<0.001) and insulin secretion rate (0.729, 0.643-0.827, p<0.001) 
meaning higher genetic variants load associated with impaired insulin secretion. 

 

Figure 5: Distribution (%) of five novel diabetic subgroups in patients with diabetes born in Iraq or Sweden.  
*=0.016.**<0.001. SAID, severe autoimmune diabetes; SIDD, severe insulin-deficient diabetes; SIRD, severe insulin-
resistant diabetes; MOD, mild obesity-related diabetes; MARD, mild age-related diabetes. 

  

2,2

27,9

5,5

39,3

25,1

7

16,2 16,3
19,1

41,3

0

5

10

15

20

25

30

35

40

45

50

SAID* SIDD** SIRD** MOD** MARD**

Born in Iraq Born in Sweden



43 

Table 8: Cox regression of hazard ratios (HR) with 95% confidence intervals (CI) for coronary events and chronic kidney 
disease during follow up (paper II). 

 
HR 95% CI HR 95% CI 

Coronary events 

Country of birth 
(Sweden ref) 

1.56 0.91 – 2.69 1.84 1.06-3.12 

Age at onset 
(years) 

1.04 1.03-1.05 1.04 1.03-1.05 

Sex (male sex ref) 0.42 0.34-0.52 0.41 0.32-0.51 

BMI (kg/m2) 0.99 0.97-1.01 0.99 0.97-1.01 

HbA1c (mmol/mol)   1.00 0.99-1.01 

Chronic kidney disease 

Country of birth 
(Sweden ref.) 

0.26 0.08-0.8 0.30 0.074-1.20 

Age at onset 
(years) 

1.10 1.09-1.11 1.05 1.04-1.06 

Sex (male sex ref)      1.29 1.15-1.44 1.07 0.94-1.22 

BMI (kg/m2) 1.03 1.02-1.04 1.02 1.01-1.03 

HbA1c (mmol/mol)   1.01 1.00-1.01 

eGFR at baseline 
(mL/min/1.73m2) 

  0.93 0.92-0.93 

Hazard ratios with confidence intervals. Significant data is bolded and implied by confidence intervals above or below 
zero. 

During the follow-up, two participants born in Iraq and 955 participants born in 
Sweden were recorded with chronic kidney disease stage 3A (<60 ml 
mL/min/1.73m2) The risk was significantly lower among the Iraqis as illustrated in 
Table 8. The trend remained when adjusted for baseline eGFR, but no longer 
significant. In addition, during follow-up 14 participants born in Iraq and 376 
participants born in Sweden were recorded with coronary events. The risk was 
significantly higher among the Iraqis. 
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Figure 6: Development of CKD 3A (eGFR <60 mL/min/1.73m2 during follow-up in diabetes patients born in Iraq or 
Sweden. From Bennet et al (192). 

Paper III 

The initial study population consisted of 2155 participants (1398 born in Iraq and 
757 in Sweden). Due to laboratory errors, Pro-Enkephalin (PENK) could not be 
analysed in some of the samples rendering a final study population of 1952 
participants (1263 born in Iraq and 689 in Sweden) 
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Table 9. Characteristics of the study population (paper III). 

Born in Iraq.   
N=1263 

Born in Sweden 
n=680 

p-value 

Age (years)3,4 45.0 (38.3-52.7) 48.7 (39.6-57.9) <0.001 

Men, n (%)1 756 (59.9) 370 (53.7)   0.009 

PENK (pmol/L)2 70.0 (18.2) 71.1 (17.8)   0.432 

SBP (mmHg)2 128.9 (16.5) 135.4 (19.9) <0.001 

DBP (mmHg)2   77.9 (10.3) 80.9 (11.6) <0.001 

Plamsa cystatin C (mg/L)3.4 0.88 (0.79-0.98) 0.89 (0.80-0.99)   0.047 

Plasma creatinine (µmol/L)2 70.3 (15.8) 74.9 (14.2) <0.001 

eGFRCKD-EPIcystatin c (mL/min/1.73m2)2 93.6 (18.1) 91.4 (17.9)   0.001 

eGFRCKD-EPIcreatinine (mL/min/1.73m2)3,4 104.8 (94.2-112.2) 95.0 (83.9-104.5) <0.001 

BMI (kg/m2)2 29.1 (4.3) 27.2 (4.5) <0.001 

Diabetes, n (%)1,6 136 (10.8) 33 (4.8) <0.001 

Anti-hypertensive drugs, n (%)1,5 152 (12.0) 102 (14.8)   0.077 

Active smokers, n (%)1 303 (24.0) 171 (24.8)   0.514 

Data are presented as numbers1 (percentages) for caterogircal data, means2 (standard deviations) or medians3 
(interquartile ranges) for continuous data. Linear regression (continious variables) or logistic regression (categorical 
variables) were used for comparisons between the groups adjusting for sex and age. Non-normally distributed data 
were Log10-transformed4 before comparison analyses. 5Included ACE-inhibitors, ARB-antagonists, beta-receptor 
blockers, calcium antagonists and diuretics. 6Defined as those with ongoing diabetes medication or positive oral 
glucose tolerance test. 

The characteristics were similar as for paper I with the Iraqi group being younger 
and more often men. Renal function as described previously was better in the Iraqi 
group. Levels of PENK did not differ between the groups (70.0 vs. 71.1 pmol/L, 
p=0.432). 

The following analysis used eGFRCKD-EPIcreatinine as determinant for eGFR. 

In regression analysis higher eGFR was associated with younger age, female sex, 
lower prevalence of diabetes, systolic blood pressure and lower levels of PENK as 
illustrated by the linear regression model in Table 10. 
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Table 10. Factors associated with higher levels of eGFRCKD-EPIcreatinine (paper III). 

β 95% CI 

Age -0.57 4.75 – 6.47 

Country of birth (Iraq) 0.53 0.45 – 0.60 

Sex (male) -0.33 -0.40 - -0.26 

PENK -0.23 -0.26 - -0.19 

Diabetes 0.04 0.000 – 0.09 

SBP -0.04 -0.08 - 0.00 

Multivariate regression analysis with dependent variable eGFRCKD-EPIcreatinine.Expressed as β (beta)-values with 95% 
confidence intervals. Significant data is bolded and implied by confidence intervals above or below zero. Continous 
data were standardised within the strata of ethnicity and sex (z-scores). 

To further study whether the relationship between eGFR and PENK differed 
depending on country of birth, an interaction term was created (Pinteractinon= Country of 

birth x PENK), which was significant (p=0.031) in linear regression analysis with 
eGFR as dependent variable adjusted for age, sex, diabetes and SBP, indicating 
a weaker relationship between eGFR and PENK as illustrated by Figure 7. 

Figure 7: Relationship between PENK and eGFR. From Nilsson C et al (193). 
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Paper IV 

The initial study population consisted of 63 participants (31 born in Iraq and 32 born 
in Sweden). Due to laboratory errors, analyses based on mGFR included 61 
participants (29 born in Iraq and 32 born in Sweden). Characteristics are presented 
in Table 11. 
 

Table 11. Characteristics of the study population (paper IV). 

 Born in Iraq.            
N=31 

Born in Sweden 
n=32 

p-value 

Age (years)2 48.3 (7.4) 52.1 (8.9)   0.373 

Men, n (%)1 17 (54.8) 15 (46.9)   0.057 

SBP (mmHg)3,4 133.5 (117.5-139.5) 125.0 (117.0-140.0)   0.355 

DBP (mmHg)3,4                          83.0 (72.0-91.0) 74.5 (70.5-85.0)   0.018 

Plamsa cystatin C (mg/L)3,4 0.82 (0.77-0.91) 0.90 (0.75-0.96)   0.633 

Plasma creatinine (µmol/L)2 64.1 (13.0) 72.3 (13.5)   0.001 

PWV (m/s)2 7.7 (1.1) 8.0 (1.0)   0.658 

Central SBP (mmHg)3,4 119 (108.0-126.0) 116.5 (104.5-127.0)   0.552 

Central DBP (mmHg)3,4 82.0 (74.0-91.0) 75.5 (71.0-85.5)   0.031 

uACR > 3g/mol, n (%)1 6 (19.3) 1 (3.1)   0.065 

Heart rate (beats/min)2 66.5 (10.3) 62.2 (8.4)   0.104 

BMI (kg/m2)2 30.2 (4.5) 26.9 (5.2)   0.011 

Anti-hypertensive drugs, n (%)1 8 (25.8) 7 (21.9)   0.217 

Active smokers, n (%)1 6 (19.3) 4 (12.5)   0.316 

Alcohol consumers, n (%)1 5 (16.1) 27 (84.3)   0.013 

Waist circumference (cm), men3,4 106.0 (95.5-109.0) 100.0 (93.0-110.0)   0.405 

Waist circumference (cm), women3,4 88.0 (84.8-101.8) 85.0 (75.5-92.5)   0.031 

Data are presented as numbers1 (percentages) for caterogircal data, means2 (standard deviations) or 
medians3(interquartile ranges) for continuous data. Linear regression (continious variables) or logistic regression 
(categorical variables) were used for comparisons between the groups adjusting for sex and age. Non-normally 
distributed data were Log10-transformed4 before comparison analyses. 

Somewhat surprisingly, both brachial and central DBP were higher in the Iraqi 
group, although the differences did not remain significant when adjusted for BMI 
(p=0.061 for brachial DBP), and p=0.062 for central DBP). As in previous papers, 
BMI levels were higher in the Iraqi group as well as lower rate of alcohol use. 
Albuminuria was more prevalent in the Iraqi group but did not a reach level of 
significance. 
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Table 12. mGFR and eGFR (mL/min/1.73m2) based on six different eGFR equations for renal function (paper IV). 

All data are presented as medians (interquartile ranges). Linear regression was used for comparisons between the 
groups adjusting for sex and age. As all data were non-normally distributed, they were Log10-transformed before 
comparison analyses.  

As seen in Table 12. mGFR did not significantly differ between the groups. All 
creatinine-including equations (CKD-EPICreatinine, CKD-EPICombined, LMrev and 
MDRD) showed significantly higher levels of eGFR in the Iraqi group. The cystatin 
C including equations (CKD-EPIcystatinC and CAPA) did not differ. 

In Table 13, three different metrics for the performance of the eGFR equations are 
presented. As illustrated by the median difference, CKD-EPIcreatinine overestimated 
eGFR in comparison to mGFR in the Iraqi group while LMrev underestimated 
eGFR in the Swedish group. The other equations did not show any significant under- 
or overestimation (i.e. CI below or above zero) 

CAPA was the only equation showing a significant difference in bias (median 
percentage difference) between the groups (no overlap in confidence interval). No 
equation had a significantly median percentage value below 10% which is clinically 
regarded as a threshold for an acceptable bias. 

In precision analysis, all equations exhibited significant P30 values above 75% 
except CAPA in the Iraqi group. 
  

 Born in Iraq 
n=29 

Born in Sweden 
n=32 

p-value 

mGFR  101.0 (88.0-106.5) 85.5 (80.25-104.5)   0.2 

CKD-EPIcreatinine  107.0 (101.0-110.5) 94.5 (80.25-102.75)   <0.001 

CKD-EPICystatin c 
 100.0 (88.5-108.5 88.5 (79.25-104.76)   0.5 

CKD-EPIcombined 
 104.0 (97.5-111.5) 92.0 (82.0-104.25)   0.028 

LMrev 97.0 (89.5-102.5) 85.0 (75.0-85.0)   0.001 

MDRD 105.0 (93.5-115.5) 83.5 (73.25-100.0)   <0.001 

CAPA 94.0 (84.0-100.0) 84.5 (79.0-105.75)   0.8 
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Table 13. Metrics for performance of six GFR equations in comparison to mGFR (paper IV). 
 

Born in Iraq.            
N=29 

Born in Sweden 
n=31 

Bias – Median difference1 

CKD-EPIcreatinine 4.0 (2.4 – 11.7) 0.5 (-2.1 – 5.4) 

CKD-EPICystanin C -2.0 (-5.2 – 4.8) 1.0 (-2.2 – 4.4) 

CKD-EPIcombined                                3.0 (-4.3 – 9.5) 2.5 (-0.5 – 5.2) 

LMrev -6.0 (-7.5 – 2.2) -7.5 (-9.5 - -1.6) 

MDRD 6.0 (-0.7 – 12.2) -7.0 (-8.5 – 1.2) 

CAPA -8.0 (-10.8 – 1.7) -2.0 (-4.5 – 2.0) 

Bias - Median Percentage difference2 

CKD-EPIcreatinine 8.6 (7.9-17.1) 8.4 (7.6-13.6) 

CKD-EPICystanin C 9.4 (9.3-16.7) 6.9 (6.4-11.1) 

CKD-EPIcombined                                8.7 (8.6-16.5) 7.5 (6.2-10.4) 

LMrev 11.5 (9.3-14.2) 10.3 (8.6-13.8) 

MDRD 12.9 (12.0-21.3) 10.6 (8.9-16.6) 

CAPA 13.4 (11.8-19.1) 6.6 (6.2-10.6) 

Precision – Interquartile ranges (IQR)3 

CKD-EPIcreatinine 15.5 (4.0-19.5) 9.0 (5.0-14.0) 

CKD-EPICystanin C 13.5 (5.5-19.0) 7.5 (4.0-11.5) 

CKD-EPIcombined                                16.5 (4.0-20.5) 5.75 (3.25-9.0) 

LMrev                                11.5 (6.0-17.5) 11.75 (4.25-16.0) 

MDRD 16.0 (6.5-22.5) 14.5 (4.0-18.5 

CAPA 10.5 (8.5-19.0) 7.0 (4.0-11.0) 

1Expressed as mL/min/1.73m2 with 95% confidence intervalls. Significant data is bolded and implied by confidence 
intervals above or below zero.  2Expressed as percentages (%) with 95% confidence intervalls. 3Expressed as 
mL/min/1.73m2with interquartile ranges. 

 
Table 14. Accuracy of six eGFR equations in comparison to mGFR (paper IV) 

 
CKD-EPIcreatinine CKD-EPIcystatinC CKD-

EPIcombined 
LMrev MDRD CAPA 

Born in Iraq   
 

   

P10, n (%) 
55.2 (35.7-
73.6) 

48.3 (29.4-
67.5) 

51.7 (32.5-
70.6) 

44.8 (26.4-
64.3) 

34.5 (17.9-
54.3) 

31.0 (15.3-
50.8) 

P30, n (%) 
100 (88.1-
100.0) 

93.1 (77.2-
99.2) 

100 (88.1-
100.0) 

100 (88.1-
100.9) 

96.6 (82.2-
99.9) 

82.8 (64.2-
94.2) 

Born in 
Sweden 

     

P10, n (%) 
53.1 (34.7-
70.1) 

56.3 (37.6-
73.6) 

75.0 (56.6-
88.5) 

43.8 (26.4-
62.3) 

43.8(26.4-
62.3) 

68.8 (50.0-
83.9) 

P30, n (%) 
100 (89.1-
100.0) 

100 (89.1-
100.0) 

100 (89.1-
100.0) 

96.9 (83.8-
99.9) 

93.8 (79.2-
99.2) 

96.9 (83.8-
99.9) 

Expressed as percentages of eGFR within ±10% or ±30% of mGFR with 95% confidence intervalls.  
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Discussion 

This thesis investigates a specific population, Iraqi-born residents of Sweden, acting 
as a proxy for the wider Middle Eastern immigrant population. The populations in 
the Middle East share many similarities regarding lifestyle habits, culture, language 
and religion. It should, however, be pointed out that variations exist between the 
countries, especially for development status. Furthermore, Iraq is an ethnically 
divided country, which should be kept in mind when interpreting the results.  

This thesis explores predominantly renal function, but also adjacent themes, 
including blood pressure, diabetes and CVD, which in many ways are strongly 
intertwined. The following discussion is divided into five parts on the specific 
themes and subsequently a general discussion on potential mechanisms and so forth.  

Blood pressure and hypertension 

Paper I and III based on the original MEDIM study showed a clear advantage in 
the Iraqi group with lower systolic as well as diastolic blood pressure despite higher 
BMI, larger waist circumference and less physical activity. Especially high BMI is 
considered to be strongly associated with increased blood pressure (194), hence the 
results are surprising. It has been previously described that the association between 
blood pressure and BMI is weaker in the Iraqi group (15). Age is considered as one 
of the strongest risk factor for hypertension (150). The fact that the Iraqi group was 
younger with a difference in median age of 3.7 years in the original MEDIM study, 
may suggest that part of the more favourable blood pressure profile in the Iraqi 
group, could thus be attributed to the younger age. Although, the significant 
disparity remained also when age-adjusted, indicating a “true” advantage.  

Although we had no information on specific blood pressure levels, paper II showed 
a lower prevalence of self-reported hypertension in the Iraqi group. The more 
favourable blood pressure profile of the Iraqi group is consequently seen in two 
different studies, strengthening the results. As illustrated by several examples in the 
introductory section “Research on Middle Eastern immigrants”, the finding that 
Middle Eastern immigrants in Western countries exhibit a more favourable blood 
pressure profile is shown in several cohorts and countries (5, 8, 9), strengthening 
these results as well. In summary, this suggests that Middle Eastern immigrants do 
exhibit a more favourable blood pressure profile in general. 
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Surprisingly and contradictory, paper IV showed higher unadjusted diastolic blood 
pressure levels in the Iraqi group. Other characteristics including age and BMI in 
this paper resembles characteristics of study participants in the other papers. Thus 
the result cannot be explained by a selection bias. It is noteworthy that the 
significance disappeared when adjusting for BMI. Considering the previously 
mentioned “healthy migrant effect (28)” that usually decreases over time - the 
participants born in Iraq in paper IV have been living considerably longer in 
Sweden than study participants in the other papers. One theory may consequently 
be that the healthy migrant effect during the first years in a new country could at 
least partly explain the more favourable blood pressure profile in papers I, II and 
III. The low number of participants could contribute to insufficient statistical power 
which should be considered before reaching firm conclusions.  

Arterial stiffness (PWV) was included in paper IV. PWV did not differ between 
the groups. Most previous studies on PWV have been performed in substantially 
larger study groups and therefore this study population from MEDIM should be 
expanded in the future. With the lower blood pressure profile and studies pointing 
towards a lower CVD risk in the Iraqi group – it is plausible that this could translate 
into lower levels of PWV, a hypothesis still to be proven. 

The main findings in paper I was the better renal function and the weaker 
association between blood pressure levels and renal function in the Iraqi group. The 
long-term relation between these two entities is well established, as higher blood 
pressure predicts to impaired renal function in the future (195). The association as 
measured at a specific moment in time is more unclear. A Norwegian study from 
2010 explored the relationship between mGFR and ABPM, in a general population 
showing that increase in ABPM, was associated with reduced GFR in both 
normotensive and hypertensive subjects (196). It is debatable which way the 
direction goes in such an association, renal impairment rendering hypertension - or 
does elevated blood pressure damage the kidneys. Hence, there are uncertainties on 
how to exactly interpret the findings, although it supports a hypothesis describing 
different blood pressure and renal function regulation in the Iraqi group that seems 
to be of protective advantage. 

Renal function 

The better renal function among Iraqis described in papers I and III is a snapshot 
in time. There are pitfalls in drawing too firm conclusions in cross sectional 
comparisons, especially for subjects with in general, normal eGFR values. 

The laboratory imprecision for the creatinine analyses was 1.4% and 2.1% for 
cystatin C analyses. Hence, the lab method should be analytically reliable with such 
low variance. Studies on within-individual variations have shown variations of 5.8% 
for serum creatinine and 5.4% for cystatin C (197). The variations increase with 
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impaired renal function (198). Thus, the single sampling procedure as determinant 
of renal function renders some insecurity to the results. Optimally, renal markers 
should have been measured repeatedly with mean values used as the primary 
determinant.  

However, paper II shows both higher eGFR at baseline, and a lower progression 
rate to CKD in the setting of diabetes in the Iraqi group, during follow-up, which 
could be seen as an indication of a persisting renal function advantage in this group, 
at least in the setting of diabetes. It would of course be of much interest to have 
recorded eGFR values for all participants in paper II at the end of follow-up, to 
further explore this topic. Paper IV explores renal function around 7-10 years after 
the initial study sample collection for papers I and III with a majority of the 
participants recruited from the initial MEDIM population. The results are somewhat 
varying dependent on choice of GFR estimation, but renal function was significantly 
better despite a low number of study participants in the Iraqi group for four of the 
used equations, further strengthening the assumption of a more favourable renal 
function in the Iraqi group. Measured GFR through iohexol clearance did not differ 
significantly between the groups, which presumably is sample size dependent.  

The more favourable renal function in the Iraqi group is thus shown in three different 
cohorts at different times, which is a strength. Other studies on renal function in this 
immigrant group are sparse. As outlined previously, epidemiology of CKD in the 
Middle East is associated with great uncertainties, rendering this a topic of novelty 
but also of uncertainties. Although crude eGFR values provide valuable 
information, a perspective of possibly even more interest would be to longitudinally 
investigate the renal function at baseline in papers I and II against paper IV for the 
individuals participating in both studies, preferably after inclusion of additional 
participants.  

In similar fashion, as the renal function is measured isolated at one time, it could be 
argued that the enhanced renal function at baseline in the Iraqi group, considering 
their increased diabetes prevalence - is a proxy for glomerular hyperfiltration, i.e. a 
supraphysiologic elevation in GFR early in the course of diabetes (199). The lower 
risk for CKD among Iraqis in paper II is a counterargument against that hypothesis.  
This could be better elucidated by a longitudinal follow-up study as outlined above. 

It is of interest that manifest albuminuria showed a trend to be more prevalent in the 
Iraqi group although nonsignificant in paper IV. Unfortunately, information on 
albuminuria is lacking in papers I, II and III. Albuminuria is a strong predictor of 
future decline in renal function (200). Few studies have explored the impact of 
ethnicity on albuminuria but in 2010 it was discovered that American 
Indians/Alaska Natives without traditional risk factors such as hypertension and 
diabetes, had higher risk for albuminuria in a population with eGFR above 60 
mL/min/1.73m2 (201). It has further been shown that in high-risk populations for 
diabetes, the presence of albuminuria is a predictor of a future diabetes diagnosis 
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(202). Incident albuminuria may thus be a reflection of the increased risk for 
diabetes in the Iraqi group but should of course be studied on larger cohorts. 
Albuminuria and the longitudinal risk of CKD may be a topic of research, 
particularly considering the lower CKD risk among Iraqis with diabetes as seen in 
paper II.  

Assessment of renal function 

The uncertainties in the choice of renal function measurement goes like a red thread 
through the thesis, hence the development of paper IV. In paper I, the CAPA 
equation for cystatin C and LMrev equation for creatinine were chosen as primary 
determinants. For uniformity purposes, CKD-EPI based eGFR was also added to 
the thesis results.  

The rationale behind choosing CAPA and LMrev was the recognised accuracy and 
well-established usage of these methods in Sweden. Paper III was somewhat more 
speculative and hypothesis-generating. As PENK is still an emerging biomarker, it 
was of importance to adapt the study to previous research. In this case, previous 
studies on PENK have predominantly used creatinine measurements (133, 134), 
leading to the use of the widely recognized CKD-EPIcreatinine as primary variable in 
this paper.  

Papers I and III explores these equations in a study group based on the same 
population, although the exact study population differs between the papers due to 
laboratory errors and differences in inclusion criteria.  

In both papers, all eGFR estimates are significantly higher in the Iraqi group. As the 
estimates differed in skewness, they are not uniformly described, since both means, 
and medians are used. Thus, straight crude comparisons between eGFR levels 
depending on equations, should be done with caution in these papers. Though by 
looking at the descriptive data, both cystatin C including equations (eGFRCAPA and 
GFRCKD-EPIcystatinC) exhibit a reduced difference in comparison to the creatinine 
including equations (eGFRLMrev and eGFRCKD-EPIcreatiine). The difference between the 
groups also looks rather similar when comparing both cystatin C including 
equations and creatinine-including equations. The main finding on renal function in 
these two papers should thus be that, independent which eGFR equation is chosen, 
the baseline renal function was superior in the Iraqi group.   

To make it even more complicated, paper II instead utilises the MDRD equations, 
which is decreasing its clinical importance. The ANDIS study began in 2008 and 
was designed before the introduction of the CKD-EPI equation, as well as the 
CAPA- and LMrev equation which have been developed since 2010. As it is widely 
recognised that the mentioned equations outperform the MDRD equation (106, 203, 
204), it would of course be optimal to present eGFR based on some of these 
equations in addition. Although, if not solely looking at crude eGFR levels, it should 
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be reliable enough to study the difference between the two groups, which is clearly 
significant. A potential objection to this might be that the MDRD equation is shown 
to overestimate CKD risk among African Americans, while underestimate it among 
white individuals (205), thus, the lack of validation in Middle Eastern populations 
may affect the primary outcome of the paper - the lower progression to CKD in the 
Iraqi group. Although this reasoning could also speak in the other direction, that 
even additional subjects in the Swedish-born group should have been diagnosed 
with CKD, considering the risk of underestimation known in this ethnic population. 

Hence paper IV – designed to investigate six different eGFR equations that were 
included in the previous papers. Unfortunately, due to the COVID-19 pandemic, the 
study was paused, rendering fewer participants than expected. A pre-study power 
calculation indicated the need of a study population consisting of 95 Iraqi-born and 
95 Swedish-born. Hence, the final study population of 29 and 32 participants, 
respectively, is too small. We hope to resume the study in the future then the 
pandemic is over. Consequently, the results should be interpreted with caution and 
for the most part be seen as indicative.  

For accuracy, a P30 of >75% is generally regarded as satisfactory (206). In the 
Swedish group, all equations exhibited this trait. In the Iraqi group, the CAPA 
equation failed to meet the requirements. All other equations were sufficient in 
terms of accuracy. 

An acceptable bias is considered as a median percentage difference of <10% (207). 
As illustrated in Table 13 in paper IV, no estimates had confidence intervals below 
10%, i.e. no equation was significantly non-biased in any of the groups. This is 
presumably mostly an effect caused by the small sample size, as these equations 
have been previously studied in Swedish populations exhibiting good results. Of 
interest, the only equation exhibiting a significant difference in median percentage 
between the groups, was the CAPA equation, which raises some question on the 
findings in paper I, which utilised eGFR based on CAPA as the main variable. It 
should be noteworthy that the differences in eGFR between the groups are similar 
when using either eGFRCAPA or eGFRCKD-EPIcystatinC in paper I. Hence the main 
conclusions from that paper should be reliable as the significant interaction term 
was repeated using eGFRCKD-EPIcystatinC.  

In summary for the crude median differences, the LMrev equation underestimated 
eGFR in comparison to mGFR in the Swedish group and CKD-EPICreatinine 

overestimated eGFR in the Iraqi group.  

No significant differences between the groups in crude median differences existed 
for any of the other equations. 

Altogether, the results are not conclusive, mainly due to the limited sample size 
rendering difficulties in analysing. The study is, however, indicative and propose 
potential disparities in eGFR estimation between the two groups. As the CAPA 
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equation was the only equation to significantly show inconsistencies (i.e. inaccuracy 
in terms of P30 values in the Iraqi group and significant difference in bias between 
the groups), this might suggest that the CAPA equation and cystatin C should be 
used with caution among Middle Eastern immigrants. The ambition is that the 
investigated study populations should be expanded. 

Pro-Enkephalin 

There is still much to be discovered about the biomarker PENK. As it is proposed 
to exhibit a direct mechanistic effect on the kidneys (139), it distinguishes itself 
among biomarkers, and was therefore chosen for this thesis. In the following 
section, PENK should be considered as a proxy for enkephalins. 

The direction for the relationship between PENK and renal function is somewhat 
ambiguous. As PENK is proposed to induce a diuretic and natriuretic response 
(208), one can hypothesise that PENK increases as a counter-regulatory mechanism 
in response to suboptimal renal function. Seen from the opposite perspective, PENK 
could exhibit a direct negative effect on the kidneys through its cardio-depressive 
effect (138). In paper III, the association between PENK and renal function was 
significantly weaker in the Iraqi group than in the Swedish group which may 
indicate a protective role for PENK among Iraqis. Increased PENK is associated 
with lower blood pressure levels. This is presumably due to the stated cardio 
depressive effect (138). The Iraqi group may need less counter-regulatory 
production of PENK, considering their lower mean blood pressure or exhibit 
increased sensitivity towards PENK. This reasoning is of course purely theoretical, 
and the study cannot infer causality. However, the finding adds to a growing 
understanding that this ethnic group exhibit mechanisms regarding renal function 
and blood pressure that differs from the native population in Sweden. 

Diabetes 

Paper II gives novel information on disproportions in subtypes of diabetes between 
the two groups. It is most striking that the Iraqi group exhibited pronounced insulin-
deficiency in comparison to insulin-resistance. These findings go in-line with 
previously findings from the MEDIM study, showing that the Iraqi group is exposed 
to relative insulin deficiency before the development of diabetes (179). Previously 
defined genetic risk scores of insulin secretion are associated with the most common 
diabetes subgroups in the Iraqi group; SIDD, MARD and MOD (209), which 
together with previous data describing a high family burden of type 2 diabetes in 
the Iraqi group (210) and the GRS findings in this paper – indicate that high risk 
genetics, contribute more to the diabetes development in the Iraqi group. At the 
follow-up, the Iraqi group had lower risk for CKD as discussed above. The risk for 
coronary events was however higher. Previous data on the CVD risk among diabetes 
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patients in the MEDIM study supports the increased risk in the Iraqi group (13), 
although the recent longitudinal study showing that diabetes patients from the 
Middle East exhibited lower cardiovascular mortality should be mentioned (12). 
This may be interpreted as the Iraqi group being less severely affected if affected by 
CVD, but the finding needs to be further studied. 

Potential mechanisms 

There are disparities between the groups regarding characteristics in lifestyle habits. 
Not surprisingly, the rate of alcohol users was significantly higher in the Swedish 
born group in all papers (papers I and IV) that investigated self-reported alcohol 
use. The relationship between alcohol use and health outcomes are well studied. 
There is a beneficial relationship between low alcohol consumption and ischaemic 
heart disease based on observational findings (211). On the other hand, there is a 
strong correlation between alcohol intake and higher blood pressure with a distinct 
dose-dependent reduction in blood pressure, if alcohol consumption is reduced, 
especially if more than two drinks per day (212). The relationship between renal 
function and alcohol intake is more ambiguous and not that well established. Studies 
have shown both a protective effect from alcohol on the development of CKD (213), 
but also association with a faster CKD progression (214). The blood pressure 
difference registered in papers I and III and rate of hypertension in paper II may 
thus be partly explained by excessive alcohol consumption in the Swedish-born 
group, but the potential contributing effect on differences in renal function is more 
unclear. A potential future research study may be an intervention study aiming at 
reduction of alcohol intake in this study population. A limitation is that alcohol 
consumers are defined as those who drink or do not drink in papers I and IV - 
regardless of the quantity. As the blood pressure increasing effect is quantity 
dependent, it would be of interest to further explore quantities in this population.  

The papers included in this thesis have not focused or presented differences in 
dietary intakes between the groups. A sub study within the MEDIM sphere, ‘the 
MEDIM intervention study’ included 71 participants from the Iraqi-born group. At 
baseline, the participants exhibited high fat intake (about 40% of total energy 
intake). The intake of fibres was below the recommended daily intake (215). The 
role of diet in relation to hypertension is thoroughly studied although 
recommendations vary. A recent systematic review on 13 different dietary 
approaches to blood pressure reduction, suggested the Dietary Approaches to Stop 
Hypertension (DASH) approach as the most effective (216). This includes a diet 
rich in fruit, vegetables, whole grains and low-fat dairy with reduction of sodium 
and saturated as well as total fats (217). The review included a Nordic diet, which 
could not confirm any reduction in blood pressure although only based on one 
included trial (218). Dietary intakes in the MEDIM population could be further 



57 

studied and especially comparisons between the groups. At first sight from the 
intervention study, the Iraqi group did not seem to have a beneficial dietary pattern. 

Papers I, III and IV described ongoing tobacco use with no difference in usage 
between the groups, hence this factor should not affect the outcome. 

Physical activity was described in paper I, illustrating that a significant proportion 
of the Iraqi group was physically active for less than 150 minutes per week. A 
previous study within MEDIM confirmed that members of the Iraqi group were less 
physically active by objective measurements by use of accelerometers (219). The 
Iraqi group also reported more stress in daily life. Low physical activity is 
recognised as an important risk factor for developing hypertension and several 
studies have shown manifest reductions in blood pressure, if exercise is augmented 
(220, 221). It should be noted that there is individual variability in blood pressure 
response to exercise. Previous family studies have shown significant genetic 
components to the blood pressure response, but these associations need to be further 
explored (222). Studies on the exercise-modifying effect on blood pressure have 
predominantly been studied on Caucasians. The MEDIM intervention study did not 
show any significant reduction in blood pressure in an Iraqi-born intervention group 
(n=50) receiving group sessions focusing on healthy diet and increased physical 
activity (223). This may support that the blood pressure response to exercise is less 
pronounced in the Iraqi group but needs to be further studied. 

Obesity was more prevalent in the Iraqi group in all papers, which contradicts the 
more favourable renal function and blood pressure profile, considering a solid 
correlation between higher BMI and higher blood pressure (224) and CKD risk 
(225). It is, however, noteworthy that the effect of obesity on blood pressure has 
shown ethnic disparities in repeated studies (226, 227), which may partly be 
explained by different body compositions depending on ethnicity; hence BMI is a 
somewhat blunt variable (228). BMI and waist circumference have previously been 
shown to be less associated to blood pressure in the Iraqi group from the MEDIM 
population, further suggesting protective properties (15). In a sub-study from the 
MEDIM on individuals with diabetes, the Iraqi group exhibited a more beneficial 
lipid profile by metabolite profiling, which may aid in preserving a more favourable 
blood pressure profile despite more prevalent obesity. This could also suggest 
disparities in dietary patterns that we are not able to capture, as the same study could 
not show any difference in dietary intake data (229).  

No data are presented on socioeconomic factors in these papers. Papers I, III and 
IV are based on a study population, that was included from the Eastern parts of 
Malmö, which are residential areas more socially vulnerable than the Western parts 
to reduce socioeconomic bias. Considering the correlation between smoking and 
low socioeconomic status (230), the similar and higher rate than general of tobacco 
use could support a successful inclusion in terms of reducing the socioeconomic 
bias. However, as presented in previous papers on MEDIM, the Iraqi group 
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exhibited higher rates on unemployment, increased economic insecurity and lower 
social participation (231) – all features of a lower socioeconomic status. 
Considering the powerful effect of socioeconomic status on health outcomes (232) 
– the more favourable blood pressure levels and renal function despite a lower 
socioeconomic status in the Iraqi group, strengthen the assumption of a true 
advantage. 

As mentioned in the introduction, a “healthy migrant effect” is often seen after 
migration to a new country (28, 30). In the MEDIM population, the average time 
spent in Sweden since migration was 16 years among Iraqi women and 17 years 
among the men (233). It has been shown that the healthy migrant effect often 
diminishes after time (234) and it is also acknowledged that there is a considerable 
difference in the magnitude of the healthy migrant effect depending on the country, 
especially studied in the Europe (235). The confounding influence from the “healthy 
migrant effect” on the results in this thesis is thus ambiguous. The considerable time 
since migration applicable for the study populations in papers I, III and IV argues 
against a profound influence. 

As described previously, studies on second-generation versus first-generation 
immigrants are sparse; a Swedish register study showed mortality advantages in first 
generation immigrations, which dissolved in the second generation (12) arguing for 
a potentially strong effect from acculturation. It would be of great interest to study 
renal function and blood pressure in a similar fashion as in thesis in a second-
generation immigrant population, aiming at investigating whether the proposed 
protective attributes remain.  

If going further to other theoretical domains - early life factors are receiving 
increased attention, also in the context of cardiovascular diseases and its risk factors. 
The relationship between low birthweight (LBW) and future risk for high blood 
pressure as well as increased CVD risk is well established (236, 237). The potential 
effect on renal function has been illustrated by the association between LBW and a 
reduced number of nephrons leading to reduced eGFR (238, 239) The potential 
contributing role of ethnicity to the relationship between LBW and health outcome, 
has been studied in relation to blood pressure in the US, concluding that the 
relationship between low birthweight and increased blood pressure may be more 
pronounced among African Americans, than among Caucasians (240). Existing 
information on birthweights in Iraq in specific are sparse. A 2019 report from 
UNICEF/WHO estimated the LBW (as defined as less than 2500g at birth) 
prevalence at 11.3% in Middle East/North Africa as compared to 6.9% in Western 
Europe. A high proportion (36.1%) of all births lacking information on birthweight 
in the Middle East/North Africa group, however illustrates the unreliability of the 
data (241). To gather birthweight statistics from the Iraqi immigrant population in 
the MEDIM-study should be fairly difficult but it is clearly a topic of future interest. 
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Adaption to the environment is an important factor in evolutionary development. 
Today’s variations in disease risk and prevalence may be partially explained by our 
human history starting with homo sapiens and the migration out of Africa around 
60,000 years ago exposing our ancestors to different environmental challenges. The 
environmental selection during historical time is today evident in the human genome 
(242). 

The most striking environmental difference between Iraq and Sweden is the climate 
with Iraq being substantially warmer and drier. Around 90% of Iraq’s annual 
precipitation (rain) is occurring in the winter between November to April. In the 
central/southern parts of Iraq, precipitation could be as low as 100 mm/year (243, 
244) which could be compared to around 600 mm/year, more evenly distributed 
throughout the year in Sweden (245). Surviving in very hot climate is believed to 
favour adaptions of renal function including the bodily homeostasis of water and 
sodium handling to avoid dehydration and sodium loss. This has been studied in 
other mammals. 

During recent decades, theories on disposition to obesity have evolved adjacent to 
new findings on variations in basal metabolism. Thermogenesis in brown adipose 
tissue could be enhanced in populations with ancestral exposure to a cold climate, 
which raises the basal metabolism rendering higher resting metabolic rate, lowering 
obesity risk (246, 247). One could thus hypothesise that the Iraqi group is more 
prone to obesity and sensitive to a sedentary lifestyle, partly explained by their 
ancestry and climate-driven evolution. This, however, contradicts the fact that the 
Iraqi group have a more favourable blood pressure profile and renal function - and 
additionally speaks for obesity being a weaker cardiovascular risk factor in this 
group. 

To further investigate the role of evolutionary adaption, studies in other mammals 
can provide insights. Dromedaries (Africa and the Middle East) and Camels (Inner 
Asia) have adapted to extreme environments being tolerant to water losses of around 
25% of the total body weight and temperatures over 40 C° (248). This is intriguing 
from a renal standpoint. A genomic analysis on camels, dromedaries and alpacas 
from 2014 identified key genes related to desert adaptions, with camels exhibiting 
unique genomic properties indicating a more efficient salt metabolism and transport. 
Also, genes involved in the sodium reabsorption in the kidneys were upregulated in 
camels during water restriction indicating that camels might be able to regulate 
sodium reabsorption depending on water supply. Further, it was also shown that 
camels, known for exhibiting high blood glucose levels (249) that could be a factor 
to support in osmoregulation and water reabsorption (250). Altogether, these 
findings indicate that camels exhibit evolutionary adaptions of renal function to a 
warm and dry climate, which may have implications also in human physiology. It 
is tempting to hypothesise that people from Iraq may possess evolutionary 
advantages related to renal function that may at least partly explain findings in this 
thesis. 
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This further increases the great interest in salt sensitivity, as this interferes with the 
mechanisms above. As described in the Introduction, there exits variability in salt 
sensitivity between populations. Hence it would be of great interest to study 
potential differences between the MEDIM study groups in this respect to either 
prove or reject the hypothesis of an evolutionary advantage in salt-handling for 
people with an ancestry shaped by very hot and dry climate zones like deserts.  

Methodological considerations 

Some of the limitations has been reviewed throughout the Discussion part. 
Considering the methodology, the thesis is based on three different studies, which 
adds strength, enabling comparisons. All studies use the same laboratory methods 
for determining creatinine and cystatin C, reducing analytical bias.  

Papers I and III are based on a cross-sectional study with the major disadvantage 
– the inability to infer causality. Both of these papers are designed in a similar 
fashion with estimation renal function in focus. The matter of renal function 
estimation is thoroughly discussed above. In paper I, with a previous history of 
CVD were excluded (6.2% in the Iraqi group and 8.4% in the Swedish group). This 
was not the case in paper III which may be seen as inconsistent. The objective was 
however not to compare these papers and they should be viewed as separate 
contributions with different foci. The proportion of men was higher in the Iraqi 
group in all papers. Comparisons were however adjusted for sex. Both blood 
pressure levels and renal function are more favourable among women in the 
material, hence, the male dominance among Iraqis should not affect the primary 
outcomes, rather the opposite. Due to laboratory shortcomings, some of the 
participants were excluded. As basic characteristics of the missing group were close 
to similar to the people examined, this should not amount to a selection bias. As 
mentioned previously, the lack of albuminuria as a study variable is a limitation.  

Paper II is based on the ANDIS study (177). It includes a follow-up part which 
strengthens the findings of this thesis with regard to renal function. The duration of 
the follow-up can be considered as relatively long which brings a strength to the 
study. The study however lacks data from baseline on lifestyle habits, 
socioeconomic background and blood pressure profiles which is a clear limitation. 
Potential confounding factors related to the difference in diabetes complications are 
thus untold. The smaller study sample born in Iraq renders uncertainties, especially 
for the follow-up analyses. To increase the statistical power, one future option may 
be to expand the study population with participants born in other countries in the 
Middle East.  The difficulties in GFR estimation are discussed above. 

Paper IV suffers from the small study sample, due to the unforeseen early 
termination because of the COVID-19 pandemic. It should be a priority to restart 
the study with the addition of new participants in the future. Thus, the results are 
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statistically uncertain and should be viewed as preliminary only. The study used 
well-established methods like c-f PWV and iohexol clearance, which is a strength. 
The investigations carried out during the main study day were standardised and 
followed a specific outline. Only three research nurses performed the investigations 
and only one physician (CN) examined the participants prior to the main study day, 
decreasing the risk for personal errors and promoting continuity. The investigations 
during the main study day used different time slots throughout the day. This might 
interfere with the results as some analyses, such as the measurement of renal 
function vary throughout the day. The inclusion of participants was difficult, 
primarily caused by the fact that the study design involved two physical visits, one 
of which took around five hours and a blood sampling in between the visits. As the 
visits took place during working days, this may amount to a selection bias. To 
improve recruitment, the study added 23 participants from outside the original 
MEDIM study population, of which 13 followed through the whole study. These 
participants consisted of relatives and friends of the original participants who 
volunteered. This might amount to a selection bias as these participants could have 
various personal reasons for their volunteering such as a wish for a “free” health 
exam and so on. The main reason for the extra inclusion was to logistically optimise 
the study flow and effectiveness as these participants could fill empty time slots. In 
future analyses, original participants and “extra” participants could be separated, 
especially for future follow-up analyses based on the original MEDIM study. The 
study intentionally aimed to include a “healthy” population to study mGFR among 
subjects with normal renal function. With a low number of participants, having 
varying GFR levels would render even lower statistical power, hence the first 
objective was to study a population representing normal renal function. In the future, 
subgroups could be included with various stages of CKD as it would be of interest 
to study the accuracy of eGFR estimation in such subgroups as well. 
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Conclusion 

 Iraqi-born immigrants in Sweden have a more favourable renal function
than a controls from a native Swedish-born population as denoted by three
different cohorts. Additionally, the risk of developing chronic kidney
disease was lower among subjects with diabetes in the Iraqi-born group
during a follow up period.

 The association between blood pressure levels and renal function is weaker
among Iraqi-born immigrants which could indicate a protective mechanism
from the negative influence of blood pressure on renal function in this
group.

 Diabetes-related traits differ between Iraqi-born immigrants and native
Swedes. In particular, Iraqis were more insulin-deficient but less insulin-
resistant than the Swedes. The risk for diabetes complications also differs.

 Pro-Enkephalin (PENK), a biomarker proposed to exhibit a protective
direct effect on the kidneys, is more weakly associated with renal function
among Iraqi-born immigrants. This may be part of a protective mechanism
in this group to preserve a better renal function.

 There are suggestive inconsistencies in eGFR estimation among Iraqi-born
immigrants depending on choice of equation that should be further studied.
This was especially true for the CAPA equation which was significantly
more inaccurate in the Iraqi-born group.

 Iraqi-born immigrants seem to be protected against CVD in previous
studies. This protection against CVD may partly be due to differences in the
regulation of blood pressure and renal function. Further mechanisms and
causality aspects should be explored. It is intriguing to hypothesize on an
evolutionary advantage shaped by an ancestry from a very warm and dry
climate when preservation of water and electrolytes are essential for
survival, thus implying the need of more robust and flexible renal function.
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Future perspectives 

This thesis is, in a way, only scratching the tip of an iceberg. There is still much to 
explore, and my hope is that this work elucidates potential and provides inspiration 
for future research in this field. In the following section, I will continue on from the 
discussion to give some concrete examples of what I believe would be of significant 
interest to study in the future. 

A salt sensitivity-study on these populations would be novel and of greatest interest, 
hence it would aid in the understanding of potential protective mechanisms and 
could strengthen/contradict the assumption of climate-induced renal protection in 
the Iraqi born group. This would preferably be done by use of a dietary protocol 
(251) and should be implementable by inviting a portion of the original MEDIM 
study population.  

A longitudinal follow-up study on the MEDIM study population has in some ways 
already begun with the MEDIM 2019 study. With an increased number of 
participants, follow-up information would provide information on the development 
of renal function, blood pressure and other cardiovascular risk factors over time. It 
would also help in understanding the extent of a possible “healthy migrant effect” 
in the Iraqi group as it would study health disparities after a long-term residency in 
Sweden. 

A study on the ‘Shrunken poor syndrome’ (SPS) and whether it is affected by 
ethnicity as a potential renal protecting mechanism is another mechanism. SPS has 
gained increased attention recent years. It is defined as eGFRcystatin C being less than 
70% of eGFRcreatinine, which has been shown to be associated with worse general 
outcomes (252). SPS could easily be investigated in the MEDIM cohort with 
existing data. 

A MEDIM Offspring Study could be another future project. As outlined above, the 
health of second-generation immigrants often tend to resemble the health of the 
native population. A study inviting the offspring from the original MEDIM study 
participants could bring valuable information on this as well as contributing to the 
mapping of family patterns behind these diseases. A second option is to create an 
entirely new cohort including second-generation immigrants with parents born in 
Iraq and compared to a control group. 

The possibility of genetic studies. With increasing knowledge of SNPs associated 
with common diseases, the potential of GWAS analyses has emerged. Based on 
today’s knowledge it would be possible to perform GWAS analyses in relation to 
blood pressure regulation, renal function and salt sensitivity as crucial mechanisms. 
As blood samples are stored from the original MEDIM study in a biobank, this 
would be rather uncomplicated to achieve.   
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Populärvetenskaplig sammanfattning 
på svenska (Summary in Swedish) 

Den vanligaste dödsorsaken såväl globalt som i Sverige utgörs av hjärt-
kärlsjukdomar. Det finns ett flertal faktorer som ökar risken att drabbas av dessa 
sjukdomar, däribland högt blodtryck, diabetes samt nedsatt njurfunktion. Dessa 
riskfaktorer är även starkt sammankopplade där exempelvis både högt blodtryck och 
diabetes är riskfaktorer för försämrad njurfunktion. På så vis ingår dessa riskfaktorer 
i ett intrikat samverkande system. Vi vet idag en hel del kring hur vi ska hantera 
dessa riskfaktorer men vi har fortfarande oerhört mycket att lära, i synnerhet 
angående skillnader mellan befolkningsgrupper. 

Under de senaste årtiondena har vi sett en tilltagande globalisering och ökandes 
migrationsströmmar. I synnerhet har västerländska länder, däribland Sverige sett en 
stigande andel invandring från Mellanöstern. Det är vida känt att risken för att 
drabbas av typ 2 diabetes är ökad i befolkningar från länder i Mellanöstern. Med 
tanke på att en allt större del av Sveriges befolkning härstammar från dessa länder, 
har detta gett upphov till ett behov av vidare forskning inom dessa grupper för att 
på sikt kunna upprätthålla en jämlik hälso- och sjukvård.  

Ett led i denna ambition var starten av den Malmöbaserade befolkningsstudien 
MEDIM (betydelsen av Migration och Etnicitet för Diabetesutvecklingen I Malmö) 
som genomfördes mellan åren 2010–2012. Studien inbegrep Malmöbor födda i Irak 
samt Malmöbor födda i Sverige som kontrollgrupp. Studien kunde visa att typ 2 
diabetes var nästan dubbelt så vanligt förekommande bland individer födda i Irak. 
Vidare sågs även att den irakfödda gruppen i större utsträckning var drabbad av 
övervikt, högre blodfettsnivåer samt rapporterade mindre fysisk aktivitet i 
jämförelse med den svenskfödda gruppen. Detta är även riskfaktorer som inte bara 
ökar risken för diabetes men även risken för högt blodtryck, försämrad njurfunktion 
och i slutändan för hjärt-kärlsjukdomar. Trots detta sågs i MEDIM studien att 
blodtrycksnivåerna bland irakfödda faktiskt var lägre, vilket är något av en paradox. 
Vidare har det i andra studier även framkommit se att risken för hjärt-kärlsjukdomar 
faktiskt är lägre bland invandrare från Mellanöstern, vilket skulle kunna tyda på att 
denna befolkningsgrupp uppvisar skyddande faktorer som vore av stort intresse att 
närmare studera. 
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Avhandlingens syfte var således att kartlägga viktiga riskfaktorer för hjärt-
kärlsjukdom, i synnerhet högt blodtryck, nedsatt njurfunktion samt diabetes hos 
invandrare från Mellanöstern för att värdera huruvida det finns tecken på skyddande 
faktorer inom denna grupp, vilket i framtiden skulle kunna bidra till förbättrad 
prevention av hjärt-kärlsjukdomar.  

I delarbete I undersöktes blodtryck och njurfunktionen hos cirka 1200 irakfödda 
Malmöbor och 650 svenskfödda Malmöbor. Resultaten visade att den irakfödda 
gruppen både hade lägre blodtrycksnivåer samt bättre njurfunktionsnivå. Det gick 
även att se att njurfunktionen inte var lika starkt beroende av blodtrycket bland 
irakfödda. Vanligtvis ses ett tydligt samband mellan stigande blodtryck och 
avtagande njurfunktion. Njurarna är genom flera mekanismer även starkt 
involverade i blodtrycksregleringen. Resultaten skulle kunna tala för att invandrare 
från Mellanöstern är relativt sett skyddade mot försämrad njurfunktion genom lägre 
blodtryck i förhållande till kroppsmått (övervikt/fetma) och en svagare påverkan 
från blodtryck på njurfunktionen. 

I delarbete II undersöktes diabetes och dess komplikationer bland cirka 200 
irakfödda Skånebor samt 7500 svenskfödda invånare i Skåne. Dessa resultat är 
baserade på data från den pågående ANDIS (Alla Nya Diabetiker i Skåne) studien 
som inkluderar diabetespatienter i Skåne vilka nyligen fått sin diagnos. Dessa följs 
sedan under flera år utifrån sjukhusregister för att bedöma förekomst av vanliga 
komplikationer till diabetes, såsom njursvikt, stroke, etc. Studiens data har tidigare 
legat till grund för ett förslag om att diabetes bör indelas i fem olika grupper i stället 
för de två traditionella, då utmärkande diabetesdrag skiljer sig ganska markant åt 
mellan drabbade individer, medförandes olika risk att drabbas av komplikationer. 

Resultaten visade att den irakfödda gruppen hade en större andel individer med 
diabetes som hade tydlig insulinbrist i stället för insulinresistens. En större andel av 
irakfödda hade även en mildare variant som är kopplad till övervikt men som sällan 
ger upphov till allvarliga komplikationer. Vid uppföljningen sågs det att risken att 
drabbas av njursvikt var lägre bland irakfödda medan risken för hjärtinfarkt var 
större. 

I delarbete III studerades en ny biomarkör som är kopplad till njurfunktion och även 
anses ha en direkt påverkan på njurarna. Markören heter Pro-Enkephalin och är en 
sorts opiod, en typ av substans som finns naturligt i kroppen. Tidigare har det kunnat 
ses att högre nivåer av Pro-Enkephalin är kopplat till försämrad njurfunktion. 
Nivåerna av Pro-Enkephalin i blodet och dess koppling till njurfunktion studerades 
hos cirka 1250 irakfödda Malmöbor samt 700 svenskfödda Malmöbor. Resultaten 
visade att nivåerna av Pro-Enkephalin inte skiljde sig åt trots att njurfunktionen var 
bättre bland irakfödda. Vidare sågs en svagare koppling mellan Pro-Enkephalin och 
njurfunktion bland irakfödda vilket skulle kunna tala för att Pro-Enkephalin är 
involverat i att upprätthålla en bättre njurfunktion bland irakfödda. 
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I bestämningen av njurfunktionen finns det vissa svårigheter. I sjukvården 
uppskattas vanligen njurfunktionen utifrån blodmarkörer, vanligen kreatinin eller 
cystatin C. Utifrån dessa värden kan njurfunktionen uppskattas (estimeras) via olika 
formler, så kallat eGFR, d.v.s., hur mycket blod som njurarna filtrerar varje minut. 
Det finns dock nackdelar med dessa labmetoder eftersom de bland annat påverkas 
av kost, fysisk aktivitet, inflammation, med mera Det har även visat sig att de 
formler vi använder oss av kliniskt skiljer sig åt gällande tillförlitlighet. Formlerna 
har även visat sig ha olika tillförlitlighet beroende på etnisk härkomst. Den mer 
exakta metoden för att mäta njurfunktion är att tillföra ett ämne till kroppen som 
skall utsöndras via njurarna för att sedan kunna mäta koncentrationen av detta ämne 
vilket ger en mer tillförlitlig uppskattning av njurfunktionen. Detta kan bland annat 
åstadkommas genom att tillföra röntgenkontrastmedlet iohexol. I delarbetena I, II 
samt III användes flertalet olika formler för att beräkna njurfunktion. Det fanns en 
osäkerhet i hur korrekta dessa var, i synnerhet inom den Irakfödda gruppen då 
tillförlitligheten av dessa formler för njurfunktion är outforskade i nämnd 
befolkning.  

I delarbete IV studerades därför njurfunktionen med den mer exakta metoden 
iohexolbelastning bland 29 irakfödda Malmöbor och 31 svenskfödda Malmöbor. 
Det visade sig att det fanns tecken till att de vanliga formlerna för njurfunktionen 
möjligen fungerar något sämre bland Irakfödda. Dessvärre blev deltagarantalet lågt 
på grund av covidpandemin och det är därför svårt att för närvarande dra säkra 
slutsatser. I undersökningen undersöktes även deltagarnas artärstelhet som är 
kopplat både till blodtrycksnivå och risk för hjärt-kärlsjukdom. I det begränsade 
materialet fanns ingen skillnad i uppmätt artärstelhet mellan grupperna.  

Sammantaget visar avhandlingen att det finns tecken på skyddande faktorer bland 
irakfödda personer där njurfunktionen genomsnittligt är bättre än hos svenskfödda, 
vilket kan bero på en mer gynnsam inverkan från lägre blodtryck. Diabetes tar sig 
även annorlunda uttryck bland irakfödda där man snarast har diabetestyper som är 
mer gynnsamma mot njurfunktionsförsämring. Man kan spekulera i att dessa 
mekanismer kan bidra till att skydda irakfödda mot hjärt-kärlsjukdom. En intressant 
teori är att härstamning från ett varmare klimat kan ha bidragit till en 
evolutionsmässig tendens till ”starkare” njurar för att kunna överleva torka med 
vätskebrist och noggrann reglering via njuren av salt- och vatten-balans. 

Det ska tilläggas att i befolkningsstudier likt dessa är det inte möjligt att bevisa äkta 
samband, även benämnt kausalitet. Det går inte att helt uttala sig om statistiska 
samband – exempelvis huruvida kopplingen mellan njurfunktion och blodtryck 
skulle vara en del av ett äkta orsakssamband eller om det påverkas av andra 
bakgrundsfaktorer. Därmed bör resultaten i första hand ses som indicier och 
hypotesgenererande samt förhoppningsvis inspirerande till framtida forskning. 



67 

Acknowledgements 

This thesis would not have been finished without the support from numerous people. 
For that, I am deeply thankful. Some names should be mentioned in particular: 

My main supervisor Louise Bennet who introduced me to the research world during 
medical school and has since with a steady hand allowed me to develop as a 
researcher. Thank you for sharing your great knowledge on for instance both hands-
on statistics and more general thoughts on epidemiology. Over the years you have 
gallantly let me have more and more own responsibilities - but always keeping a 
safe watchful eye. For your help and support, I am eternally grateful. 

Peter M Nilsson, my co-supervisor. Thank you for your inexhaustible research 
enthusiasm and the generously sharing of your knowledge, ideas, resources and 
network. 

Anders Christensson, my co-supervisor and colleague at the Department of 
Nephrology. Thank you for sharing your great expertise on nephrology which 
subsequently has led me to go in the clinical path as a future nephrologist. 

Professor Olle Melander, for your generosity in sharing your knowledge and letting 
me use your research network for paper III as well as for your constructive 
manuscript feedback. 

Leif Groop, Emma Ahlqvist and Dina Mansour-Aly for your valuable help as co-
authors in paper II. 

Professor Jonas Björk for the help and statistical input when designing the MEDIM 
2019 study. 

The staff at the Clinical Research Unit (KFE). In particular, head of Department 
Cecilia Kennbäck and research nurses Anna Hellman and Pia Sandell for your 
indispensable help and contribution to paper IV. 

Ahmed Salih. For your valuable help in the recruiting process in paper IV. 

Naomi Clyne and Tommy Jönsson for your valuable input during the half-time 
review. 

Patrick Reilly for your splendid language control in manuscripts and in this thesis. 

All participants in the MEDIM study, ANDIS study and MEDIM 2019 study for 
making this thesis possible. 



68 

The Department of Nephrology at SUS Malmö including my fellow physician 
colleagues, nurses, secretaries and paramedic personnel at our various departments.  
Thank you for making this a workplace to be proud of. A special thanks to the head 
of Department Kirsten Vang Hendriksen for enabling me to have time to finish my 
thesis. 

To my parents Åsa and Gert-Inge and brother Joachim. For the creation of a loving 
and curios upbringing. For all the support on the way. 

Last but most important. To my life partner and soon to be mother of our first child, 
Linn. For the never-ending support and love. For all the Sunday afternoons at KFE 
helping me with administrative tasks. For always knowing what to say if things 
would feel overwhelming. 



69 

References  

1 SCB (2021). Population statistics. Statistics Sweden. https://www.scb.se/en/finding-
statistics/ [2021-11-01]. 

2. Wickramage, K., Vearey, J., Zwi, A.B. et al. Migration and health: a global public 
health research priority. BMC Public Health 2018;18:987. 

3. Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based 
studies with 4ꞏ4 million participants. Zhou, B et al. Lancet, Vol 387, Issue 10027, 
1513 - 1530 

4. Commodore-Mensah Y, Selvin E, Aboagye J, Turkson-Ocran RA, Li X, Himmelfarb 
CD, et al. Hypertension, overweight/obesity, and diabetes among immigrants in the 
United States: an analysis of the 2010-2016 National Health Interview Survey. BMC 
Public Health. 2018;18:773. 

5. Cainzos-Achirica M, Vela E, Cleries M, Bilal U, Mauri J, Pueyo MJ, et al. 
Cardiovascular risk factors and disease among non-European immigrants living in 
Catalonia. Heart. 2019;105(15):1168-74. 

6. Abuelezam NN, El-Sayed AM, Galea S. The Health of Arab Americans in the United 
States: An Updated Comprehensive Literature Review. Front. Public Health. 
2018;6:262.  

7. Glenday K, Kumar BN, Tverdal A, Meyer HE. Cardiovascular disease risk factors 
among five major ethnic groups in Oslo, Norway: the Oslo Immigrant Health Study. 
Eur J Cardiovasc Prev Rehabil. 2006 Jun;13(3):348-55. 

8. Sharifi F, Shah BR. Cardiovascular Risk Factors and Events in Iranian Immigrants 
Versus Other Immigrants from the Middle East. J Immigr Minor Health. 2019 
Aug;21(4):788-792. 

9. Asmar A, Bülow J, Simonsen L, Christensen NJ, Frandsen E, Norsk P. Blood 
pressure in Afghan male immigrants to Denmark. Clin Physiol Funct Imaging. 2013 
Nov;33(6):470-7.  

10. Wändell P, Carlsson AC, Li X, Gasevic D, Ärnlöv J, Sundquist J, et al. End-Stage 
Kidney Diseases in Immigrant Groups: A Nationwide Cohort Study in Sweden. Am J 
Nephrol. 2019;49(3):186-92. 

11. Perl J, McArthur E, Tan VS, Nash DM, Garg AX, Harel Z, et al. ESRD among 
Immigrants to Ontario, Canada: A Population-Based Study. J Am Soc Nephrol. 
2018;29(7):1948-59. 

12. Bennet L, Udumyan R, Östgren CJ, Rolandsson O, Jansson SPO, Wändell P. 
Mortality in first- and second-generation immigrants to Sweden diagnosed with type 
2 diabetes: a 10 year nationwide cohort study. Diabetologia. 2021;64(1):95-108. 



70 

13. Bennet L, Agardh CD, Lindblad U. Cardiovascular disease in relation to diabetes 
status in immigrants from the Middle East compared to native Swedes: a cross-
sectional study. BMC Public Health. 2013;13:1133. 

14. Bennet L, Groop L, Lindblad U, Agardh CD, Franks PW. Ethnicity is an independent 
risk indicator when estimating diabetes risk with FINDRISC scores: a cross sectional 
study comparing immigrants from the Middle East and native Swedes. Prim Care 
Diabetes. 2014;8(3):231-8. 

15. Bennet L, Nilsson PM. Country of birth modifies the associations of body mass and 
hemoglobin A1c with office blood pressure in Middle Eastern immigrants and native 
Swedes. J Hypertens. 2014;32(12):2362-70. 

16. National Center for Health Statistics (US). Health, United States, 2015: With Special 
Feature on Racial and Ethnic Health Disparities. Hyattsville (MD): National Center 
for Health Statistics (US); 2016 May. Report No.: 2016-1232. 

17. Keeys M, Baca J, Maybank A. Race, Racism, and the Policy of 21st Century 
Medicine. Yale J Biol Med. 2021;94(1):153-7. 

18. Ioannidis JPA, Powe NR, Yancy C. Recalibrating the Use of Race in Medical 
Research. Jama. 2021;325(7):623-4. 

19. Borrell LN, Elhawary JR, Fuentes-Afflick E, Witonsky J, Bhakta N, Wu AHB, et al. 
Race and Genetic Ancestry in Medicine - A Time for Reckoning with Racism. N 
Engl J Med. 2021;384(5):474-80. 

20. Scotet V, L'Hostis C, Férec C. The Changing Epidemiology of Cystic Fibrosis: 
Incidence, Survival and Impact of the CFTRGene Discovery. Genes. 2020;11(6):589. 

21. Kountouris P, Lederer CW, Fanis P, Feleki X, Old J, Kleanthous M. IthaGenes: an 
interactive database for haemoglobin variations and epidemiology. PLoS One. 
2014;24;9(7): e103020. 

22. Lyssenko V, Jonsson A, Almgren P, Pulizzi N, Isomaa B, Tuomi T, et al. 
Clinical risk factors, DNA variants, and the development of type 2 diabetes. 
N Engl J Med. 2008;20;359(21):2220-32. 

23. Rockette-Wagner B, Edelstein S, Venditti EM, Reddy D, Bray GA, Carrion-Petersen 
ML, et al. The impact of lifestyle intervention on sedentary time in individuals at 
high risk of diabetes. Diabetologia. 2015;58(6):1198-202. 

24. Howells L, Musaddaq B, McKay AJ, Majeed A. Clinical impact of lifestyle 
interventions for the prevention of diabetes: an overview of systematic reviews. BMJ 
Open. 2016;21;6(12). 

25. Sommer I, Griebler U, Mahlknecht P, Thaler K, Bouskill K, Gartlehner G, et al. 
Socioeconomic inequalities in non-communicable diseases and their risk factors: an 
overview of systematic reviews. BMC Public Health. 2015;15:914. 

26. Williams DR, Mohammed SA, Leavell J, Collins C. Race, socioeconomic status, and 
health: complexities, ongoing challenges, and research opportunities. Ann N Y Acad 
Sci. 2010;1186:69-101. 

27. White JS, Hamad R, Li X, Basu S, Ohlsson H, Sundquist J, Sundquist K. Long-term 
effects of neighbourhood deprivation on diabetes risk: quasi-experimental evidence 



71 

from a refugee dispersal policy in Sweden. Lancet Diabetes Endocrinol. 
2016;4(6):517-24. 

28. Gushulak B. Healthier on arrival? Further insight into the "healthy immigrant effect". 
CMAJ. 2007;8;176(10):1439-40. 

29. Singh GK, Rodriguez-Lainz A, Kogan MD. Immigrant health inequalities in the 
United States: use of eight major national data systems. Sci World J. 
2013;27;2013:512313. 

30. Derose KP, Escarce JJ, Lurie N. Immigrants and health care: sources of vulnerability. 
Health Aff. 2007;26(5):1258-68. 

31. Gushulak BD, MacPherson DW. Health aspects of the pre-departure phase of 
migration. PLoS Med. 2011;8(5):e1001035. 

32. Spoel E, Accoe K, Heymans S, Verbeeren P, de Béthune X. Migrants’ social 
determinants of health: living conditions, violence exposure, access to healthcare. 
Eur. J. Public Health.2019;29. 

33. Agyemang C, van der Linden EL, Bennet L. Type 2 diabetes burden among migrants 
in Europe: unravelling the causal pathways. Diabetologia. 2021;64(12):2665-2675. 

34. McDonald JT, Farnworth M, Liu Z. Cancer and the healthy immigrant effect: a 
statistical analysis of cancer diagnosis using a linked Census-cancer registry 
administrative database. BMC Public Health. 2017;17(1):296. 

35. Antecol H, Bedard K. Unhealthy assimilation: why do immigrants converge to 
American health status levels? Demography. 2006;43(2):337-60. 

36. Eschbach JW, Adamson JW. Anemia of end-stage renal disease (ESRD). Kidney Int. 
1985;28(1):1-5. 

37. Jones G. Expanding role for vitamin D in chronic kidney disease: importance of 
blood 25-OH-D levels and extra-renal 1alpha-hydroxylase in the classical and 
nonclassical actions of 1alpha,25-dihydroxyvitamin D(3). Semin Dial. 
2007;20(4):316-24. 

38. Hamm LL, Nakhoul N, Hering-Smith KS. Acid-Base Homeostasis. Clin J Am Soc 
Nephrol. 2015 Dec 7;10(12):2232-42. 

39. Knepper MA, Kwon TH, Nielsen S. Molecular physiology of water balance. N Engl 
J Med. 2015 Apr 2;372(14):1349-58. 

40. Stein JH, Fadem SZ. The Renal Circulation. JAMA. 1978;239(13):1308-12. 

41. Gekle M. Kidney and aging - A narrative review. Exp Gerontol. 2017;87(Pt B):153-
5. 

42. Faria J, Ahmed S, Gerritsen KGF, Mihaila SM, Masereeuw R. Kidney-based in vitro 
models for drug-induced toxicity testing. Arch. Toxicol. 2019;93(12):3397-418. 

43. Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. KDOQI US 
commentary on the 2012 KDIGO clinical practice guideline for the evaluation and 
management of CKD. Am J Kidney Dis. 2014;63(5):713-35. 

44. Levey AS, Stevens LA, Coresh J. Conceptual model of CKD: applications and 
implications. Am J Kidney Dis. 2009;53(3 Suppl 3):S4-16. 



72 

45. Global, regional, and national incidence, prevalence, and years lived with disability 
for 310 diseases and injuries, 1990-2015: a systematic analysis for the Global Burden 
of Disease Study 2015. Lancet. 2016;388(10053):1545-602. 

46. Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. Chronic kidney 
disease: global dimension and perspectives. Lancet. 2013;382(9888):260-72. 

47. Carriazo S, Vanessa Perez-Gomez M, Ortiz A. Hypertensive nephropathy: a major 
roadblock hindering the advance of precision nephrology. Clin Kidney J. 
2020;13(4):504-9. 

48. Collins AJ, Foley RN, Gilbertson DT, Chen SC. United States Renal Data System 
public health surveillance of chronic kidney disease and end-stage renal disease. 
Kidney Int Suppl..2015;5(1):2-7. 

49. Reutens AT. Epidemiology of diabetic kidney disease. Med Clin North Am. 
2013;97(1):1-18. 

50. Chen Y, Lee K, Ni Z, He JC. Diabetic Kidney Disease: Challenges, Advances, and 
Opportunities. Kidney Dis. 2020;6(4):215-225. 

51. Badal SS, Danesh FR. New insights into molecular mechanisms of diabetic kidney 
disease. Am J Kidney Dis. 2014 Feb;63(2 Suppl 2):S63-83. 

52. Mogensen CE, Christensen CK, Vittinghus E. The stages in diabetic renal disease. 
With emphasis on the stage of incipient diabetic nephropathy. Diabetes. 1983 
May;32 Suppl 2:64-78. 

53. Klessens CQ, Woutman TD, Veraar KA, Zandbergen M, Valk EJ, Rotmans JI, 
Wolterbeek R, Bruijn JA, Bajema IM. An autopsy study suggests that diabetic 
nephropathy is underdiagnosed. Kidney Int. 2016;90(1):149-56. 

54. Global, regional, and national burden of chronic kidney disease, 1990-2017: a 
systematic analysis for the Global Burden of Disease Study 2017. Lancet. 
2020;395(10225):709-33. 

55. Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, Lasserson DS, et al. Global 
Prevalence of Chronic Kidney Disease - A Systematic Review and Meta-Analysis. 
PLoS One. 2016;11(7):e0158765. 

56. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, et al. Chronic kidney 
disease and mortality risk: a systematic review. J Am Soc Nephrol. 2006;17(7):2034-
47. 

57. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and 
the risks of death, cardiovascular events, and hospitalization. N Engl J Med. 
2004;23;351(13):1296-305. 

58. Major RW, Cheng MRI, Grant RA, Shantikumar S, Xu G, Oozeerally I, et al. 
Cardiovascular disease risk factors in chronic kidney disease: A systematic review 
and meta-analysis. PLoS One. 2018;13(3):e0192895. 

59. Weiner DE, Tighiouart H, Elsayed EF, Griffith JL, Salem DN, Levey AS, et al. The 
Framingham predictive instrument in chronic kidney disease. J Am Coll Cardiol. 
2007;50(3):217-24. 



73 

60. Agharazii M, St-Louis R, Gautier-Bastien A, Ung RV, Mokas S, Larivière R, et al. 
Inflammatory cytokines and reactive oxygen species as mediators of chronic kidney 
disease-related vascular calcification. Am J Hypertens. 2015;28(6):746-55. 

61. Nasrallah R, Hassouneh R, Hébert RL. PGE2, Kidney Disease, and Cardiovascular 
Risk: Beyond Hypertension and Diabetes. J Am Soc Nephrol. 2016;27(3):666-76. 

62. Fujii H, Goto S, Fukagawa M. Role of Uremic Toxins for Kidney, Cardiovascular, 
and Bone Dysfunction. Toxins. 2018;10(5):202. 

63. Jankowski J, Floege J, Fliser D, Böhm M, Marx N. Cardiovascular Disease in 
Chronic Kidney Disease: Pathophysiological Insights and Therapeutic Options. 
Circulation. 2021;143(11):1157-72. 

64. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL, et al. 
Kidney disease as a risk factor for development of cardiovascular disease: a 
statement from the American Heart Association Councils on Kidney in 
Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and 
Epidemiology and Prevention. Circulation. 2003;108(17):2154-69. 

65. McClellan W, Warnock DG, McClure L, Campbell RC, Newsome BB, Howard V, et 
al. Racial differences in the prevalence of chronic kidney disease among participants 
in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) Cohort 
Study. J Am Soc Nephrol. 2006;17(6):1710-5. 

66. Parsa A, Kao WH, Xie D, Astor BC, Li M, Hsu CY, et al. AASK Study 
Investigators; CRIC Study Investigators. APOL1 risk variants, race, and progression 
of chronic kidney disease. N Engl J Med. 2013; 5;369(23):2183-96. 

67. Correa-Rotter R, Wesseling C, Johnson RJ. CKD of unknown origin in Central 
America: the case for a Mesoamerican nephropathy. Am J Kidney Dis. 
2014;63(3):506-20 

68. Stefanovic V, Toncheva D, Polenakovic M. Balkan nephropathy. Clin Nephrol. 
2015;83(7 Suppl 1):64-9. 

69. Pavlović NM. Balkan endemic nephropathy-current status and future 
perspectives. Clin Kidney J. 2013;6(3):257-265.  

70. Malekmakan L, Tadayon T, Roozbeh J, Sayadi M. End-stage Renal Disease in the 
Middle East: a Systematic Review and Meta-analysis. Iran J Kidney Dis. 
2018;12(4):195-203.  

71. Kaufman DP, Basit H, Knohl SJ. Physiology, Glomerular Filtration Rate. 2021 Jul 
22. In: StatPearls [Internet]. Treasure Island: StatPearls Publishing. 

72. Poortmans JR. Exercise and renal function. Sports Med. 1984;1(2):125-53. 

73. Bosch JP, Saccaggi A, Lauer A, Ronco C, Belledonne M, Glabman S. Renal 
functional reserve in humans. Effect of protein intake on glomerular filtration rate. 
Am J Med. 1983;75(6):943-50. 

74. Zhou XJ, Rakheja D, Yu X, Saxena R, Vaziri ND, Silva FG. The aging kidney. 
Kidney Int. 2008;74(6):710-20. 

75. Poggio ED, Rule AD, Tanchanco R, Arrigain S, Butler RS, Srinivas T, et al. 
Demographic and clinical characteristics associated with glomerular filtration rates in 
living kidney donors. Kidney Int. 2009;75(10):1079-87. 



74 

76. Möller E, McIntosh JF, Van Slyke DD. STUDIES OF UREA EXCRETION. II: 
Relationship Between Urine Volume and the Rate of Urea Excretion by Normal 
Adults. J Clin Invest. 1928;6(3):427-65. 

77. Berger EY, Farber SJ, Earle DP, Jackenthal R. Comparison of the constant infusion 
and urine collection techniques for the measurement of renal function. J Clin Invest. 
1948;27(6):710-6. 

78. Aakhus T, Sommerfelt SC, Stormorken H, Dahlström K. Tolerance and excretion of 
iohexol after intravenous injection in healthy volunteers. Preliminary report. Acta 
Radiol Suppl. 1980;362:131-4. 

79. Mützel W, Siefert HM, Speck U. Biochemical-pharmacologic properties of iohexol. 
Acta Radiol Suppl. 1980;362:111-5. 

80. Olsson B, Aulie A, Sveen K, Andrew E. Human pharmacokinetics of iohexol. A new 
nonionic contrast medium. Invest Radiol. 1983;18(2):177-82. 

81. Delanaye P, Ebert N, Melsom T, Gaspari F, Mariat C, Cavalier E, et al. Iohexol 
plasma clearance for measuring glomerular filtration rate in clinical practice and 
research: a review. Part 1: How to measure glomerular filtration rate with iohexol? 
Clin Kidney J. 2016;9(5):682-99.  

82. Swan SK, Halstenson CE, Kasiske BL, Collins AJ. Determination of residual renal 
function with iohexol clearance in hemodialysis patients. Kidney Int. 
1996;49(1):232-5. 

83. Nossen JO, Jakobsen JA, Kjaersgaard P, Andrew E, Jacobsen PB, Berg KJ. 
Elimination of the non-ionic X-ray contrast media iodixanol and iohexol in patients 
with severely impaired renal function. Scand J Clin Lab Invest. 1995;55(4):341-50. 

84. Bröchner-Mortensen J. A simple method for the determination of glomerular 
filtration rate. Scand J Clin Lab Invest. 1972;30(3):271-4. 

85. Frennby B, Sterner G, Almén T, Hagstam KE, Hultberg B, Jacobsson L. The use of 
iohexol clearance to determine GFR in patients with severe chronic renal failure--a 
comparison between different clearance techniques. Clin Nephrol. 1995;43(1):35-46. 

86. Gaspari F, Perico N, Ruggenenti P, Mosconi L, Amuchastegui CS, Guerini E, et al. 
Plasma clearance of nonradioactive iohexol as a measure of glomerular filtration rate. 
J Am Soc Nephrol. 1995;6(2):257-63. 

87. Jacobsson L. A method for the calculation of renal clearance based on a single 
plasma sample. Clin Physiol. 1983;3(4):297-305. 

88. Bird NJ, Peters C, Michell AR, Peters AM. Comparison of GFR measurements 
assessed from single versus multiple samples. Am J Kidney Dis. 2009;54(2):278-88. 

89. Iohexol plasma clearance for measuring glomerular filtration rate in clinical practice 
and research: a review. Part 1: How to measure glomerular filtration rate with 
iohexol? Clin Kidney J. 2016;9(5):682-99. 

90. Kim KE, Onesti G, Ramirez O, Brest AN, Swartz C. Creatinine clearance in renal 
disease. A reappraisal. Br Med J. 1969;4;4(5674):11-4. 

91. Simonsen O, Grubb A, Thysell H. The blood serum concentration of cystatin C 
(gamma-trace) as a measure of the glomerular filtration rate. Scand J Clin Lab Invest. 
1985 Apr;45(2):97-101. 



75 

92. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function--measured 
and estimated glomerular filtration rate. N Engl J Med. 2006 Jun 8;354(23):2473-83. 

93. Levey AS. Measurement of renal function in chronic renal disease. Kidney Int. 1990 
Jul;38(1):167-84. 

94. Baxmann AC, Ahmed MS, Marques NC, Menon VB, Pereira AB, Kirsztajn GM, et 
al. Influence of muscle mass and physical activity on serum and urinary creatinine 
and serum cystatin C. Clin J Am Soc Nephrol. 2008;3(2):348-54. 

95. Lew SW, Bosch JP. Effect of diet on creatinine clearance and excretion in young and 
elderly healthy subjects and in patients with renal disease. J Am Soc Nephrol. 
1991;2(4):856-65. 

96. Randers E, Erlandsen EJ. Serum cystatin C as an endogenous marker of the renal 
function--a review. Clin Chem Lab Med. 1999 Apr;37(4):389-95. 

97. Coll E, Botey A, Alvarez L, Poch E, Quintó L, Saurina A, et al. Serum cystatin C as 
a new marker for noninvasive estimation of glomerular filtration rate and as a marker 
for early renal impairment. Am J Kidney Dis. 2000 Jul;36(1):29-34. 

98. Filler G, Bökenkamp A, Hofmann W, Le Bricon T, Martínez-Brú C, Grubb A. 
Cystatin C as a marker of GFR--history, indications, and future research. Clin 
Biochem. 2005;38(1):1-8.  

99. Stevens LA, Schmid CH, Greene T, Li L, Beck GJ, Joffe MM, et al.  Factors other 
than glomerular filtration rate affect serum cystatin C levels. Kidney Int. 
2009;75(6):652-60.  

100. Risch L, Herklotz R, Blumberg A, Huber AR. Effects of glucocorticoid 
immunosuppression on serum cystatin C concentrations in renal transplant patients. 
Clin Chem. 2001;47(11):2055-9. 

101. Naour N, Fellahi S, Renucci JF, Poitou C, Rouault C, Basdevant A, et al. Potential 
contribution of adipose tissue to elevated serum cystatin C in human obesity. 
Obesity. 2009;17(12):2121-6. 

102. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. 
Nephron. 1976;16(1):31-41. 

103. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate 
method to estimate glomerular filtration rate from serum creatinine: a new prediction 
equation. Modification of Diet in Renal Disease Study Group. Ann Intern Med. 
1999;130(6):461-70. 

104. Lin J, Knight EL, Hogan ML, Singh AK. A comparison of prediction equations for 
estimating glomerular filtration rate in adults without kidney disease. J Am Soc 
Nephrol. 2003;14(10):2573-80. 

105. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, et al. A 
new equation to estimate glomerular filtration rate. Ann Intern Med. 
2009;150(9):604-12. 

106. Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M, et al. 
Comparative performance of the CKD Epidemiology Collaboration (CKD-EPI) and 
the Modification of Diet in Renal Disease (MDRD) Study equations for estimating 
GFR levels above 60 mL/min/1.73m2. Am J Kidney Dis. 2010;56(3):486-95. 



76 

107. Stevens PE, Levin A. Evaluation and management of chronic kidney disease: 
synopsis of the kidney disease: improving global outcomes 2012 clinical practice 
guideline. Ann Intern Med. 2013;158(11):825-30. 

108. Björk J, Grubb A, Sterner G, Nyman U. Revised equations for estimating glomerular 
filtration rate based on the Lund-Malmö Study cohort. Scand J Clin Lab Invest. 
2011;71(3):232-9. 

109. Grubb A, Horio M, Hansson LO, Björk J, Nyman U, Flodin M, et al. Generation of a 
new cystatin C-based estimating equation for glomerular filtration rate by use of 7 
assays standardized to the international calibrator. Clin Chem. 2014;60(7):974-86. 

110. Stevens LA, Zhang Y, Schmid CH. Evaluating the performance of equations for 
estimating glomerular filtration rate. J Nephrol. 2008;21(6):797-807. 

111. Goldwasser P, Aboul-Magd A, Maru M. Race and creatinine excretion in chronic 
renal insufficiency. Am J Kidney Dis. 1997;30(1):16-22 

112. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, et al. Improved GFR estimation by 
combined creatinine and cystatin C measurements. Kidney Int. 2007;72(12):1535-42. 

113. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations 
for estimated GFR from serum creatinine in Japan. Am J Kidney Dis. 2009 
Jun;53(6):982-92. 

114. Delgado C, Baweja M, Crews DC, Eneanya ND, Gadegbeku CA, Inker LA, et al. A 
Unifying Approach for GFR Estimation: Recommendations of the NKF-ASN Task 
Force on Reassessing the Inclusion of Race in Diagnosing Kidney Disease. Am J 
Kidney Dis. 2021: 22:S0272-6386(21)00828. 

115. Al-Khader AA, Tamim H, Sulaiman MH, Jondeby MS, Taher S, Hejaili FF, et al. 
What is the most appropriate formula to use in estimating glomerular filtration rate in 
adult Arabs without kidney disease? Ren Fail. 2008;30(2):205-8. 

116. Al Wakeel JS, Hammad D, Al Suwaida A, Tarif N, Chaudhary A, Isnani A, et al. 
Validation of predictive equations for glomerular filtration rate in the Saudi 
population. Saudi J Kidney Dis Transpl. 2009;20(6):1030-7. 

117. Al-Wakeel JS. Accuracy and precision of the CKD-EPI and MDRD predictive 
equations compared with glomerular filtration rate measured by inulin clearance in a 
Saudi population. Ann Saudi Med. 2016;36(2):128-34. 

118. Carter DC, Ho JX. Structure of serum albumin. Adv Protein Chem. 1994;45:153-
203. 

119. D'Amico G, Bazzi C. Pathophysiology of proteinuria. Kidney Int. 2003;63(3):809-
25. 

120. Keane WF, Eknoyan G. Proteinuria, albuminuria, risk, assessment, detection, 
elimination (PARADE): a position paper of the National Kidney Foundation. Am J 
Kidney Dis. 1999;33(5):1004-10. 

121. Wibell L. Aspects on tubular proteinuria. Ups J Med Sci. 1985;90(1):5-14. 

122. Biomarkers Definitions Working Group.. Biomarkers and surrogate endpoints: 
preferred definitions and conceptual framework. Clin Pharmacol Ther. 
2001;69(3):89-95.  



77 

123. Fassett RG, Venuthurupalli SK, Gobe GC, Coombes JS, Cooper MA, Hoy WE. 
Biomarkers in chronic kidney disease: a review. Kidney Int. 2011;80(8):806-21. 

124. Kirwan CJ, Philips BJ, Macphee IA. Estimated glomerular filtration rate correlates 
poorly with four-hour creatinine clearance in critically ill patients with acute kidney 
injury. Crit Care Res Pract. 2013;:406075. 

125. Ostermann M, Zarbock A, Goldstein S, Kashani K, Macedo E, Murugan R, et al. 
Recommendations on Acute Kidney Injury Biomarkers From the Acute Disease 
Quality Initiative Consensus Conference: A Consensus Statement. JAMA Netw 
Open. 2020;1;3(10):e2019209. 

126. Ebert N, Shlipak MG. Cystatin C is ready for clinical use. Curr Opin Nephrol 
Hypertens. 2020;29(6):591-8. 

127. Hughes J, Smith TW, Kosterlitz HW, Fothergill LA, Morgan BA, Morris HR. 
Identification of two related pentapeptides from the brain with potent opiate agonist 
activity. Nature. 1975;258(5536):577-80. 

128. Grossman A, Clement-Jones V. Opiate receptors: enkephalins and endorphins. Clin 
Endocrinol Metab. 1983;12(1):31-56.  

129. Borsook D, Hyman SE. Proenkephalin gene regulation in the neuroendocrine 
hypothalamus: a model of gene regulation in the CNS. Am J Physiol. 1995;269(3 Pt 
1):E393-408. 

130. Denning GM, Ackermann LW, Barna TJ, Armstrong JG, Stoll LL, Weintraub NL, et 
al. Proenkephalin expression and enkephalin release are widely observed in non-
neuronal tissues. Peptides. 2008;29(1):83-92. 

131. Ernst A, Köhrle J, Bergmann A. Proenkephalin A 119-159, a stable proenkephalin A 
precursor fragment identified in human circulation. Peptides. 2006;27(7):1835-40. 

132. Khorashadi M, Beunders R, Pickkers P, Legrand M. Proenkephalin: A New 
Biomarker for Glomerular Filtration Rate and Acute Kidney Injury. Nephron. 
2020;144(12):655-61. 

133. Marino R, Struck J, Hartmann O, Maisel AS, Rehfeldt M, Magrini L, et al. 
Diagnostic and short-term prognostic utility of plasma pro-enkephalin (pro-ENK) for 
acute kidney injury in patients admitted with sepsis in the emergency department. J 
Nephrol. 2015;28(6):717-24. 

134. Beunders R, van Groenendael R, Leijte GP, Kox M, Pickkers P. Proenkephalin 
Compared to Conventional Methods to Assess Kidney Function in Critically Ill 
Sepsis Patients. Shock. 2020;54(3):308-14. 

135. Ng LL, Sandhu JK, Narayan H, Quinn PA, Squire IB, Davies JE, et al. Proenkephalin 
and prognosis after acute myocardial infarction. J Am Coll Cardiol. 2014;63(3):280-
9. 

136. Donato LJ, Meeusen JW, Lieske JC, Bergmann D, Sparwaßer A, Jaffe AS. 
Analytical performance of an immunoassay to measure proenkephalin. Clin 
Biochem. 2018;58:72-7. 

137. Schulz C-A, Christensson A, Ericson U, Almgren P, Hindy G, Nilsson PM, et al. 
High Level of Fasting Plasma Proenkephalin-A Predicts Deterioration of Kidney 
Function and Incidence of CKD. J Am Soc Nephrol. 2017;28(1):291-303. 



78 

138. van den Brink OW, Delbridge LM, Rosenfeldt FL, Penny D, Esmore DS, Quick D, et 
al. Endogenous cardiac opioids: enkephalins in adaptation and protection of the heart. 
Heart Lung Circ. 2003;12(3):178-87. 

139. Holaday JW. Cardiovascular effects of endogenous opiate systems. Annu Rev 
Pharmacol Toxicol. 1983;23:541-94. 

140. Wadei HM, Textor SC. The role of the kidney in regulating arterial blood pressure. 
Nat Rev Nephrol. 2012;8(10):602-9. 

141. Hall JE, Brands MW, Henegar JR. Angiotensin II and long-term arterial pressure 
regulation: the overriding dominance of the kidney. J Am Soc Nephrol. 1999;10 
Suppl 12:S258-65. 

142. Fountain JH, Lappin SL. Physiology, Renin Angiotensin System. 2021 Jul 22. In: 
StatPearls [Internet]. Treasure Island: StatPearls Publishing 

143. Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Collins KJ, Dennison, 
Himmelfarb C, et al. 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for 
the Prevention, Detection, Evaluation, and Management of High Blood Pressure in 
Adults: Executive Summary: A Report of the American College of 
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. 
Hypertension. 2018;71(6):1269-1324. 

144. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 
ESC/ESH Guidelines for the management of arterial hypertension. Eur Heart J. 
2018;39(33):3021-104. 

145. Rimoldi SF, Scherrer U, Messerli FH. Secondary arterial hypertension: when, who, 
and how to screen? Eur Heart J. 2014;35(19):1245-54. 

146. Pereira M, Lunet N, Azevedo A, Barros H. Differences in prevalence, awareness, 
treatment and control of hypertension between developing and developed countries. J 
Hypertens. 2009;27(5):963-75. 

147. Waken RJ, de Las Fuentes L, Rao DC. A Review of the Genetics of Hypertension 
with a Focus on Gene-Environment Interactions. Curr Hypertens Rep. 2017;19(3):23. 

148. Hegde SM, Solomon SD. Influence of Physical Activity on Hypertension and 
Cardiac Structure and Function. Curr Hypertens Rep. 2015;17(10):77. 

149. He FJ, MacGregor GA. Effect of modest salt reduction on blood pressure: a meta-
analysis of randomized trials. Implications for public health. J Hum Hypertens. 
2002;16(11):761-70. 

150. Lloyd-Jones DM, Evans JC, Levy D. Hypertension in adults across the age spectrum: 
current outcomes and control in the community. JAMA. 2005;294(4):466-72. 

151. Kobori H, Nishiyama A, Abe Y, Navar LG. Enhancement of intrarenal 
angiotensinogen in Dahl salt-sensitive rats on high salt diet. 
Hypertension.2003;41(3):592-7. 

152. Castiglioni P, Parati G, Lazzeroni D, Bini M, Faini A, Brambilla L, et al. 
Hemodynamic and Autonomic Response to Different Salt Intakes in Normotensive 
Individuals. J Am Heart Assoc. 2016;5(8). 



79 

153. Safar M, Laurent S, Safavian A, Pannier B, Asmar R. Sodium and large arteries in 
hypertension. Effects of indapamide. Am J Med. 1988;84(1b):15-9. 

154. Intersalt: an international study of electrolyte excretion and blood pressure. Results 
for 24 hour urinary sodium and potassium excretion. Intersalt Cooperative Research 
Group. BMJ. 1988;30;297(6644):319-28. 

155. Oliver WJ, Cohen EL, Neel JV. Blood pressure, sodium intake, and sodium related 
hormones in the Yanomamo Indians, a "no-salt" culture. Circulation. 
1975;52(1):146-51. 

156. Luft FC, Weinberger MH. Heterogeneous responses to changes in dietary salt intake: 
the salt-sensitivity paradigm. Am J Clin Nutr. 1997;65(2 Suppl):612s-7s. 

157. Freitas SRS. Molecular Genetics of Salt-Sensitivity and Hypertension: Role of Renal 
Epithelial Sodium Channel Genes. Am J Hypertens. 2018;12;31(2):172-174 

158. Gu X, Gu D, He J, Rao DC, Hixson JE, Chen J, Li J, Huang J, Wu X, Rice TK, 
Shimmin LC, Kelly TN. Resequencing Epithelial Sodium Channel Genes Identifies 
Rare Variants Associated With Blood Pressure Salt-Sensitivity: The GenSalt Study. 
Am J Hypertens. 2018;12;31(2):205-211. 

159. Wright JT, Jr., Rahman M, Scarpa A, Fatholahi M, Griffin V, Jean-Baptiste R, et al. 
Determinants of salt sensitivity in black and white normotensive and hypertensive 
women. Hypertension. 2003;42(6):1087-92. 

160. Franklin SS, Gustin Wt, Wong ND, Larson MG, Weber MA, Kannel WB, et al. 
Hemodynamic patterns of age-related changes in blood pressure. The Framingham 
Heart Study. Circulation. 1997;96(1):308-15. 

161. O'Rourke MF, Safar ME, Dzau V. The Cardiovascular Continuum extended: aging 
effects on the aorta and microvasculature. Vasc Med. 2010;15(6):461-8.  

162. Sell DR, Monnier VM. Molecular basis of arterial stiffening: role of glycation - a 
mini-review. Gerontology. 2012;58(3):227-37.  

163. Jain S, Khera R, Corrales-Medina VF, Townsend RR, Chirinos JA. "Inflammation 
and arterial stiffness in humans". Atherosclerosis. 2014;237(2):381-90. 

164. Safar ME. Arterial stiffness as a risk factor for clinical hypertension. Nat Rev 
Cardiol. 2018;15(2):97-105. 

165. Bortolotto LA, Hanon O, Franconi G, Boutouyrie P, Legrain S, Girerd X. The Aging 
Process Modifies the Distensibility of Elastic but not Muscular Arteries. 
Hypertension. 1999;34(4):889-92. 

166. Vlachopoulos C, Xaplanteris P, Aboyans V, Brodmann M, Cífková R, Cosentino F, 
et al. The role of vascular biomarkers for primary and secondary prevention. A 
position paper from the European Society of Cardiology Working Group on 
peripheral circulation: Endorsed by the Association for Research into Arterial 
Structure and Physiology (ARTERY) Society. Atherosclerosis. 2015;241(2):507-32. 

167. Bramwell JC, Hill AV. The velocity of pulse wave in man. Proc. Royal Soc. B. 
1922;93(652):298-306. 

168. Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D, et al. 
Expert consensus document on arterial stiffness: methodological issues and clinical 
applications. Eur Heart J. 2006;27(21):2588-605. 



80 

169. Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, et al. Aortic 
stiffness is an independent predictor of all-cause and cardiovascular mortality in 
hypertensive patients. Hypertension. 2001;37(5):1236-41. 

170. Willum-Hansen T, Staessen JA, Torp-Pedersen C, Rasmussen S, Thijs L, Ibsen H, et 
al. Prognostic value of aortic pulse wave velocity as index of arterial stiffness in the 
general population. Circulation. 2006;113(5):664-70. 

171. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of cardiovascular events 
and all-cause mortality with arterial stiffness: a systematic review and meta-analysis. 
J Am Coll Cardiol. 2010;55(13):1318-27. 

172. Nilsson PM, Boutouyrie P, Laurent S. Vascular aging: A tale of EVA and ADAM in 
cardiovascular risk assessment and prevention. Hypertension. 2009;54(1):3-10. 

173. Liang X, Su S, Hao G, Snieder H, Treiber F, Kapuku G, et al. Determinants of pulse 
wave velocity trajectories from youth to young adulthood: the Georgia Stress and 
Heart Study. J Hypertens. 2019;37(3):563-71. 

174. Cruickshank JK, Silva MJ, Molaodi OR, Enayat ZE, Cassidy A, Karamanos A, et al. 
Ethnic Differences in and Childhood Influences on Early Adult Pulse Wave Velocity: 
The Determinants of Adolescent, Now Young Adult, Social Wellbeing, and Health 
Longitudinal Study. Hypertension. 2016;67(6):1133-41. 

175. Ge D, Young TW, Wang X, Kapuku GK, Treiber FA, Snieder H. Heritability of 
arterial stiffness in black and white American youth and young adults. Am J 
Hypertens. 2007;20(10):1065-1072. 

176. Skyler JS, Bakris GL, Bonifacio E, Darsow T, Eckel RH, Groop L, et al. 
Differentiation of Diabetes by Pathophysiology, Natural History, and Prognosis. 
Diabetes. 2017;66(2):241-55. 

177. Ahlqvist E, Storm P, Käräjämäki A, Martinell M, Dorkhan M, Carlsson A, et al. 
Novel subgroups of adult-onset diabetes and their association with outcomes: a data-
driven cluster analysis of six variables. Lancet Diabetes Endocrinol. 2018;6(5):361-9. 

178. Kodama K, Tojjar D, Yamada S, Toda K, Patel CJ, Butte AJ. Ethnic differences in 
the relationship between insulin sensitivity and insulin response: a systematic review 
and meta-analysis. Diabetes Care. 2013;36(6):1789-96. 

179. Bennet L, Groop L, Franks PW. Ethnic differences in the contribution of insulin 
action and secretion to type 2 diabetes in immigrants from the Middle East compared 
to native Swedes. Diabetes Res Clin Pract. 2014;105(1):79-87. 

180. WHO. 2021. Cardiovascular diseases. World Health Organization. 
https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1.[2021-11-01] 

181. Faconti L, Nanino E, Mills CE, Cruickshank KJ. Do arterial stiffness and wave 
reflection underlie cardiovascular risk in ethnic minorities? JRSM Cardiovasc Dis. 
2016;5:2048004016661679-. 

182. Tillin T, Hughes AD, Mayet J, Whincup P, Sattar N, Forouhi NG, et al. The 
relationship between metabolic risk factors and incident cardiovascular disease in 
Europeans, South Asians, and African Caribbeans: SABRE (Southall and Brent 
Revisited) -- a prospective population-based study. J Am Coll Cardiol. 
2013;61(17):1777-86. 



81 

183. Mahajan A, Taliun D, Thurner M, Robertson NR, Torres JM, Rayner NW, et al. 
Fine-mapping type 2 diabetes loci to single-variant resolution using high-density 
imputation and islet-specific epigenome maps. Nat Genet. 2018;50(11):1505-13. 

184. Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, et al. Genetic studies 
of body mass index yield new insights for obesity biology. Nature. 
2015;518(7538):197-206. 

185. Wood AR, Jonsson A, Jackson AU, Wang N, van Leewen N, Palmer ND, et al. A 
Genome-Wide Association Study of IVGTT-Based Measures of First-Phase Insulin 
Secretion Refines the Underlying Physiology of Type 2 Diabetes Variants. Diabetes. 
2017;66(8):2296-309. 

186. Walford GA, Gustafsson S, Rybin D, Stančáková A, Chen H, Liu CT, et al. Genome-
Wide Association Study of the Modified Stumvoll Insulin Sensitivity Index Identifies 
BCL2 and FAM19A2 as Novel Insulin Sensitivity Loci. Diabetes. 2016;65(10):3200-
11. 

187. Inker LA, Eckfeldt J, Levey AS, Leiendecker-Foster C, Rynders G, Manzi J, et al. 
Expressing the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) 
cystatin C equations for estimating GFR with standardized serum cystatin C values. 
Am J Kidney Dis. 2011;58(4):682-4. 

188. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. 
Estimating glomerular filtration rate from serum creatinine and cystatin C. N Engl J 
Med. 2012;367(1):20-9. 

189. Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, Kusek JW, et al. Expressing 
the Modification of Diet in Renal Disease Study equation for estimating glomerular 
filtration rate with standardized serum creatinine values. Clin Chem. 2007;53(4):766-
72. 

190. Association WM. World Medical Association Declaration of Helsinki: Ethical 
Principles for Medical Research Involving Human Subjects. JAMA. 
2013;310(20):2191-4. 

191. Nilsson C, Christensson A, Nilsson PM, Bennet L. Renal function and its association 
with blood pressure in Middle Eastern immigrants and native Swedes. J Hypertens. 
2017;35(12):2493-500. 

192. Bennet L, Nilsson C, Mansour-Aly D, Christensson A, Groop L, Ahlqvist E. Adult-
onset diabetes in Middle Eastern immigrants to Sweden: Novel subgroups and 
diabetic complications-The All New Diabetes in Scania cohort diabetic 
complications and ethnicity. Diabetes Metab Res Rev. 2020:e3419. 

193. Nilsson C, Christensson A, Nilsson PM, Melander O, Bennet L. Pro-Enkephalin and 
its association with renal function in Middle Eastern immigrants and native Swedes. 
Scand J Clin Lab Invest. 2021:1-6. 

194. Drøyvold WB, Midthjell K, Nilsen TI, Holmen J. Change in body mass index and its 
impact on blood pressure: a prospective population study. Int J Obes. 
2005;29(6):650-5. 

195. Vaes B, Beke E, Truyers C, Elli S, Buntinx F, Verbakel JY, et al. The correlation 
between blood pressure and kidney function decline in older people: a registry-based 
cohort study. BMJ Open. 2015;5(6):e007571. 



82 

196. Mathisen UD, Melsom T, Ingebretsen OC, Jenssen TG, Njølstad I, Solbu MD, et al. 
Ambulatory blood pressure is associated with measured glomerular filtration rate in 
the general middle-aged population. J Hypertens. 2012;30(3):497-504. 

197. Toffaletti JG, McDonnell EH. Variation of serum creatinine, cystatin C, and 
creatinine clearance tests in persons with normal renal function. Clin Chim Acta. 
2008;395(1-2):115-9. 

198. Reinhard M, Erlandsen EJ, Randers E. Biological variation of cystatin C and 
creatinine. Scand J Clin Lab Invest. 2009;69(8):831-6. 

199. Tonneijck L, Muskiet MHA, Smits MM, van Bommel EJ, Heerspink HJL, van 
Raalte DH, et al. Glomerular Hyperfiltration in Diabetes: Mechanisms, Clinical 
Significance, and Treatment. J Am Soc Nephrol. 2017;28(4):1023-39. 

200. Ninomiya T, Perkovic V, de Galan BE, Zoungas S, Pillai A, Jardine M, et al. 
Albuminuria and kidney function independently predict cardiovascular and renal 
outcomes in diabetes. J Am Soc Nephrol. 2009;20(8):1813-21. 

201. Jolly SE, Burrows NR, Chen SC, Li S, Jurkovitz CT, Narva AS, et al. Racial and 
ethnic differences in albuminuria in individuals with estimated GFR greater than 60 
mL/min/1.73 m(2): results from the Kidney Early Evaluation Program (KEEP). Am J 
Kidney Dis. 2010;55(3 Suppl 2):S15-22. 

202. Wang Z, Hoy WE. Albuminuria as a marker of the risk of developing type 2 diabetes 
in non-diabetic Aboriginal Australians. Int J Epidemiol. 2006;35(5):1331-5. 

203. Nyman U, Grubb A, Larsson A, Hansson LO, Flodin M, Nordin G, et al. The revised 
Lund-Malmö GFR estimating equation outperforms MDRD and CKD-EPI across 
GFR, age and BMI intervals in a large Swedish population. Clin Chem Lab Med. 
2014;52(6):815-24. 

204. Björk J, Bäck SE, Ebert N, Evans M, Grubb A, Hansson M, et al. GFR estimation 
based on standardized creatinine and cystatin C: a European multicenter analysis in 
older adults. Clin Chem Lab Med. 2018;56(3):422-35. 

205. Arora P, Rajagopalan S, Patel N, Nainani N, Venuto RC, Lohr JW. The MDRD 
equation underestimates the prevalence of CKD among blacks and overestimates the 
prevalence of CKD among whites compared to the CKD-EPI equation: a 
retrospective cohort study. BMC Nephrol. 2012;13:4. 

206. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, 
classification, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-266. 

207. Spinler SA, Nawarskas JJ, Boyce EG, Connors JE, Charland SL, Goldfarb S. 
Predictive performance of ten equations for estimating creatinine clearance in cardiac 
patients. Iohexol Cooperative Study Group. Ann Pharmacother. 1998;32(12):1275-
83. 

208. Ng LL, Squire IB, Jones DJL, Cao TH, Chan DCS, Sandhu JK, et al. Proenkephalin, 
Renal Dysfunction, and Prognosis in Patients With Acute Heart Failure: A GREAT 
Network Study. J Am Coll Cardiol. 2017;69(1):56-69. 

209. Aly DM, Dwivedi OP, Prasad RB, Käräjämäki A, Hjort R, Åkerlund M, et al. 
Aetiological differences between novel subtypes of diabetes derived from genetic 
associations. medRxiv. 2020:2020.09.29.20203935. 



83 

210. Bennet L, Franks PW, Zöller B, Groop L. Family history of diabetes and its 
relationship with insulin secretion and insulin sensitivity in Iraqi immigrants and 
native Swedes: a population-based cohort study. Acta Diabetol. 2018;55(3):233-42. 

211. Roerecke M, Rehm J. Alcohol consumption, drinking patterns, and ischemic heart 
disease: a narrative review of meta-analyses and a systematic review and meta-
analysis of the impact of heavy drinking occasions on risk for moderate drinkers. 
BMC Med. 2014;12:182. 

212. Roerecke M, Kaczorowski J, Tobe SW, Gmel G, Hasan OSM, Rehm J. The effect of 
a reduction in alcohol consumption on blood pressure: a systematic review and meta-
analysis. Lancet Public health. 2017;2(2):e108-e20. 

213. Koning SH, Gansevoort RT, Mukamal KJ, Rimm EB, Bakker SJ, Joosten MM. 
Alcohol consumption is inversely associated with the risk of developing chronic 
kidney disease. Kidney Int. 2015;87(5):1009-16. 

214. Joo YS, Koh H, Nam KH, Lee S, Kim J, Lee C, et al. Alcohol Consumption and 
Progression of Chronic Kidney Disease: Results From the Korean Cohort Study for 
Outcome in Patients with Chronic Kidney Disease. Mayo Clin Proc. 2020 
Feb;95(2):293-305 

215. Siddiqui F, Winther V, Kurbasic A, Sonestedt E, Lundgren KB, Lindeberg S, et al. 
Changes in dietary intake following a culturally adapted lifestyle intervention among 
Iraqi immigrants to Sweden at high risk of type 2 diabetes: a randomised trial. Public 
Health Nutr. 2017;20(15):2827-2838. 

216. Schwingshackl L, Chaimani A, Schwedhelm C, Toledo E, Pünsch M, Hoffmann G, 
et al. Comparative effects of different dietary approaches on blood pressure in 
hypertensive and pre-hypertensive patients: A systematic review and network meta-
analysis. Crit Rev Food Sci Nutr. 2019;59(16):2674-2687. 

217. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, et al. Effects 
on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop 
Hypertension (DASH) diet. DASH-Sodium Collaborative Research Group. N Engl J 
Med. 2001;344(1):3-10. 

218. Uusitupa M, Hermansen K, Savolainen MJ, Schwab U, Kolehmainen M, Brader L, et 
al. Effects of an isocaloric healthy Nordic diet on insulin sensitivity, lipid profile and 
inflammation markers in metabolic syndrome -- a randomized study (SYSDIET). J 
Intern Med. 2013;274(1):52-66. 

219. Arvidsson D, Leijon M, Sundquist J, Sundquist K, Lindblad U, Bennet L. Cross-
cultural validation of a simple self-report instrument of physical activity in 
immigrants from the Middle East and native Swedes. Scandinavian journal of public 
health. 2014;42(3):255-62. 

220. Cornelissen VA, Smart NA. Exercise training for blood pressure: a systematic review 
and meta-analysis. J Am Heart Assoc. 2013;1;2(1):e004473. 

221. Carlson DJ, Dieberg G, Hess NC, Millar PJ, Smart NA. Isometric exercise training 
for blood pressure management: a systematic review and meta-analysis. Mayo Clin 
Proc. 2014;89(3):327-34. 



84 

222. Ash GI, Eicher JD, Pescatello LS. The promises and challenges of the use of 
genomics in the prescription of exercise for hypertension: the 2013 update. Curr 
Hypertens Rev. 2013;9(2):130-47. 

223. Siddiqui F, Kurbasic A, Lindblad U, Nilsson PM, Bennet L. Effects of a culturally 
adapted lifestyle intervention on cardio-metabolic outcomes: a randomized controlled 
trial in Iraqi immigrants to Sweden at high risk for Type 2 diabetes. Metabolism. 
2017;66:1-13. 

224. Landi F, Calvani R, Picca A, Tosato M, Martone AM, Ortolani E, et al. Body Mass 
Index is Strongly Associated with Hypertension: Results from the Longevity Check-
up 7+ Study. Nutrients. 2018;10(12):1976. 

225. Foster MC, Hwang SJ, Larson MG, Lichtman JH, Parikh NI, Vasan RS, et al. 
Overweight, obesity, and the development of stage 3 CKD: the Framingham Heart 
Study. Am J Kidney Dis. 2008;52(1):39-48. 

226. Cheung EL, Bell CS, Samuel JP, Poffenbarger T, Redwine KM, Samuels JA. Race 
and Obesity in Adolescent Hypertension. Pediatrics. 2017;139(5):e20161433. 

227. Ke L, Brock KE, Cant RV, Li Y, Morrell SL. The Relationship Between Obesity and 
Blood Pressure Differs by Ethnicity in Sydney School Children. Am J Hypertens. 
2009;22(1):52-8. 

228. Evans EM, Rowe DA, Racette SB, Ross KM, McAuley E. Is the current BMI obesity 
classification appropriate for black and white postmenopausal women? Int J Obes. 
2006;30(5):837-43. 

229. Al-Majdoub M, Spégel P, Bennet L. Metabolite profiling paradoxically reveals 
favorable levels of lipids, markers of oxidative stress and unsaturated fatty acids in a 
diabetes susceptible group of Middle Eastern immigrants. Acta Diabetol. 
2020;57(5):597-603. 

230. Hiscock R, Bauld L, Amos A, Fidler JA, Munafò M. Socioeconomic status and 
smoking: a review. Ann N Y Acad Sci. 2012;1248:107-23. 

231. Siddiqui F, Lindblad U, Bennet L. Physical inactivity is strongly associated with 
anxiety and depression in Iraqi immigrants to Sweden: a cross-sectional study. BMC 
Public Health. 2014;14(1):502. 

232. Kivimäki M, Batty GD, Pentti J, Shipley MJ, Sipilä PN, Nyberg ST, et al. 
Association between socioeconomic status and the development of mental and 
physical health conditions in adulthood: a multi-cohort study. Lancet Public Health. 
2020;5(3):e140-e9. 

233. Bennet L, Stenkula K, Cushman SW, Brismar K. BMI and waist circumference cut-
offs for corresponding levels of insulin sensitivity in a Middle Eastern immigrant 
versus a native Swedish population – the MEDIM population based study. BMC 
Public Health. 2016;16(1):1242. 

234. Norredam M, Agyemang C, Hoejbjerg Hansen OK, Petersen JH, Byberg S, Krasnik 
A, et al. Duration of residence and disease occurrence among refugees and family 
reunited immigrants: test of the 'healthy migrant effect' hypothesis. Trop Med Int 
Health. 2014;19(8):958-67. 

235. Moullan Y, Jusot F. Why is the 'healthy immigrant effect' different between 
European countries? Eur J Public Health. 2014;24 Suppl 1:80-6. 



85 

236. Nilsson PM, Ostergren PO, Nyberg P, Söderström M, Allebeck P. Low birth weight 
is associated with elevated systolic blood pressure in adolescence: a prospective 
study of a birth cohort of 149378 Swedish boys. J Hypertens. 1997;15(12 Pt 2):1627-
31. 

237. Smith CJ, Ryckman KK, Barnabei VM, Howard BV, Isasi CR, Sarto GE, et al. The 
impact of birth weight on cardiovascular disease risk in the Women's Health 
Initiative. Nutr Metab Cardiovasc Dis. 2016;26(3):239-45. 

238. Hinchliffe SA, Lynch MR, Sargent PH, Howard CV, Van Velzen D. The effect of 
intrauterine growth retardation on the development of renal nephrons. Br J Obstet 
Gynaecol. 1992;99(4):296-301. 

239. Rodríguez-Soriano J, Aguirre M, Oliveros R, Vallo A. Long-term renal follow-up of 
extremely low birth weight infants. Pediatr Nephrol. 2005;20(5):579-84. 

240. Oberg S, Ge D, Cnattingius S, Svensson A, Treiber FA, Snieder H, et al. Ethnic 
differences in the association of birth weight and blood pressure: the Georgia 
cardiovascular twin study. Am J Hypertens. 2007;20(12):1235-41. 

241. UNICEF-WHO. Low Birthweight Estimates: Levels and trends 2000-2015. 2019. 

242. Hancock AM, Witonsky DB, Alkorta-Aranburu G, Beall CM, Gebremedhin A, 
Sukernik R, et al. Adaptations to climate-mediated selective pressures in humans. 
PLoS genetics. 2011;7(4):e1001375. 

243. Salman SA, Shahid S, Ismail T, Rahman NbA, Wang X, Chung E-S. Unidirectional 
trends in daily rainfall extremes of Iraq. Theor. Appl. Climatol. 2018;134(3-4):1165-
77. 

244. Salman SA, Shahid S, Ismail T, Al-Abadi AM, Wang X-j, Chung E-S. Selection of 
gridded precipitation data for Iraq using compromise programming. Measurement. 
2019;132:87-98. 

245. SMHI.2021. Års- och månadsstatistik. Sveriges meteorologiska och hydrologiska 
institut https://www.smhi.se/klimat/klimatet-da-och-nu/manadens-vader-och-vatten-
sverige/manadens-vader-i-sverige/ars-och-manadsstatistik. [211010]. 

246. Sellayah D, Cagampang FR, Cox RD. On the evolutionary origins of obesity: a new 
hypothesis. Endocrinology. 2014;155(5):1573-88. 

247. Salazar-Tortosa D, Fernández-Rhodes L. Obesity and climate adaptation. Evol. Med. 
Public Health 2019;(1):104-5. 

248. Schmidt-Nielsen K. The physiology of the camel. Sci Am. 1959;201:140-51. 

249. Elmahdi B, Sallmann HP, Fuhrmann H, von Engelhardt W, Kaske M. Comparative 
aspects of glucose tolerance in camels, sheep, and ponies. Comparative biochemistry 
and physiology Part A, Physiology. 1997;118(1):147-51. 

250. Wu H, Guang X, Al-Fageeh MB, Cao J, Pan S, Zhou H, et al. Camelid genomes 
reveal evolution and adaptation to desert environments. Nature Commun. 
2014;5:5188. 

251. Kurtz TW, DiCarlo SE, Pravenec M, Morris RC Jr. An Appraisal of Methods 
Recently Recommended for Testing Salt Sensitivity of Blood Pressure. J Am Heart 
Assoc. 2017;1;6(4):e005653. 



86 

252. Grubb A. Shrunken pore syndrome - a common kidney disorder with high mortality. 
Diagnosis, prevalence, pathophysiology and treatment options. Clin Biochem. 
2020;83:12-20. 

 





About the author

Christopher Nilsson graduated from 
medical school at Lund University in 
2017. He is currently working as a 
resident physician in nephrology 
and internal medicine at Skåne Uni-
versity Hospital in Malmö. His thesis 
focuses on differences across eth-
nicities in renal function and blood 
pressure regulation.

C
H

R
ISTO

PH
ER

 N
ILSSO

N 
 

A
spects of ethnicity on blood pressure regulating m

echanism
s and kidney function in a defined population 

 2021:152

Department of Clinical Sciences

Lund University, Faculty of Medicine 
Doctoral Dissertation Series 2021:152 

ISBN 978-91-8021-159-8 
ISSN 1652-8220

Aspects of ethnicity on blood pressure 
regulating mechanisms and kidney 
function in a defined population
CHRISTOPHER NILSSON 

DEPARTMENT OF CLINICAL SCIENCES | FACULTY OF MEDICINE | LUND UNIVERSITY

9
7
8
9
1
8
0

2
1
1
5
9
8

N
O

RD
IC

 S
W

A
N

 E
C

O
LA

BE
L 

30
41

 0
90

3
Pr

in
te

d 
by

 M
ed

ia
-T

ry
ck

, L
un

d 
20

21


	Tom sida
	Christopher hela avh G5 nr2.pdf
	Article 1..pdf
	REFERENCES

	Article 2 Adult-onset diabetes in Middle Eastern immigrants to Sweden Novel subgroups and diabetic complications - The All New Diabetes in Scania cohort diabetic complications and ethnicity.pdf
	Adult‐onset diabetes in Middle Eastern immigrants to Sweden: Novel subgroups and diabetic complications—The All New Diabete ...
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study population and setting
	2.2 | Measurements
	2.3 | Cluster analysis
	2.4 | Definitions
	2.5 | Genetic risk scores
	2.6 | Statistical analysis
	2.7 | Role of the funding source

	3 | RESULTS
	3.1 | Cluster analysis
	3.2 | Coronary events
	3.3 | Chronic kidney disease
	3.4 | Stroke
	3.5 | Diabetes retinopathy
	3.6 | GRS analysis

	4 | DISCUSSION
	4.1 | Key findings
	4.2 | Severe insulin‐deficient diabetes
	4.3 | Mild obesity‐related diabetes and mild age related diabetes
	4.4 | Microvascular complications
	4.5 | Macrovascular complications
	4.6 | Strengths and limitations
	4.7 | Clinical implications

	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	ETHICS STATEMENT
	AUTHORS CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT


	Article 3.pdf
	ABSTRACT 
	Background
	Subjects and methods
	Study population
	Physical examinations
	Blood samples
	Measurement of renal function
	Pro-Enkephalin
	Questionnaires
	Statistics
	Ethical considerations

	Results
	Relationship between PENK and renal function
	Renal function and PENK across ethnicities
	Gender aspects
	Relationship between PENK and blood pressure

	Discussion
	Key findings
	Renal function
	Pathogenesis

	Conclusion
	Disclosure statement
	Funding
	Orcid
	References






