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ABSTRACT 

Background and Aims: Risk of type 2 diabetes mellitus (T2DM) differs according to ethnicity. 

Levels of apolipoprotein M (ApoM) have been shown to be decreased in T2DM. However, its 

role in different ethnicities is not known. We examined the differences in plasma ApoM levels in 

Swedish residents born in Iraq (Iraqis) and Sweden (Swedes) in relation to T2DM and insulin 

resistance (IR).  

Methods and Results: Iraqis and Swedes, aged 45 to 65 years residing in Rosengård area of 

Malmö were randomly selected from census records and underwent an oral glucose tolerance 

test. Plasma levels of ApoM were quantified in 162 participants (Iraqis, n=91; Swedes, n=71) by 

a sandwich ELISA method.  

Age-, sex-, and body mass index (BMI) adjusted plasma ApoM levels differed by country of 

birth, with Swedes having 18% higher levels compared to Iraqis (p=0.001).  ApoM levels 

(mean±SD) were significantly decreased in Swedes with T2DM (0.73±0.18) compared to those 

with normal glucose tolerance (NGT) (0.89±0.24; p=0.03). By contrast, no significant difference 

in ApoM levels was found between Iraqis with T2DM (0.70±0.17) and those with NGT 

(0.73±0.13; p=0.41). In multivariate linear regression analysis with an interaction term between 

IR and country of birth, low ApoM levels remained significantly associated with IR in Swedes 

(p=0.008), independently of age, sex, BMI, family history of diabetes, HDL, LDL, and 

triglycerides, but not in Iraqis (p=0.35). 

Conclusion: Our results show that ApoM levels differ according to country of birth and are 

associated with IR and T2DM only in Swedes. 

Keywords: Apolipoprotein M; Ethnicity; insulin resistance; Type 2-diabetes mellitus 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder caused by defects in insulin 

secretion, insulin action, or both. If poorly controlled, the resulting metabolic imbalance is 

associated with numerous disabling complications [1]. The prevalence of T2DM is increasing, 

and it is estimated that by 2025, 15% of the world’s population will have T2DM, impaired 

fasting glucose (IFG), or impaired glucose tolerance (IGT) [2].  

In Sweden, the prevalence of T2DM among non-European immigrants is estimated to be 2-3 

times higher than among native Swedes [3]. In addition, T2DM develops an average of 10 years 

earlier in immigrants from the Middle East than in native Swedes, and Middle Eastern 

immigrants diagnosed with T2DM more frequently have a family history of diabetes [4].  

Apolipoprotein M (ApoM), a member of the lipocalin protein family, is a 25 kDa plasma protein 

[5]. It is the carrier of the biologically active lipid mediator sphingosine-1-phospate (S1P) in 

HDL, which exerts endothelial protective functions [6]. Studies suggest that ApoM protects 

against various cardiovascular diseases (CVDs). For example pre-clinical animal studies suggest 

an anti-atherosclerotic role for ApoM [7]. Lower levels of ApoM have been observed in patients 

with critical limb ischemia [8] and were associated with higher risk of recurrent venous 

thromboembolism in men [9]. In the circulation, ApoM is predominantly associated with HDL 

[10] and affects the cholesterol balance of cells. Low HDL levels and elevated triglyceride levels 

are important characteristics of the metabolic syndrome. Furthermore, recent studies suggest that 

HDL particles and apolipoproteins such as ApoA1 directly and indirectly modulate insulin 

sensitivity through their antioxidant and anti-inflammatory action [11]. However, the role of 

ApoM in T2DM is not well defined. There is, however, some evidence to suggest the possible 

involvement of ApoM in the development of T2DM and metabolic syndrome. For example, 

cellular cholesterol imbalance can modify β-cell function and thereby increase the susceptibility 

to T2DM [12]. Furthermore, higher HDL levels are strongly associated with lower risk of future 
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T2DM. Finally, a single-nucleotide polymorphism in the promoter region of ApoM is associated 

with levels of plasma cholesterol and causes susceptibility to T2DM in Han Chinese people [13]. 

These findings imply that factors such as ApoM that affect the cellular contents of cholesterol 

may have a role in the pathogenesis of T2DM. Lipid levels are known to differ across ethnicities 

[14] and dyslipidemia is a characteristic feature of the metabolic syndrome and T2DM [15]. 

However, no previous studies have examined the role of ApoM in relation to IR and T2DM in 

different ethnicities. In this study we investigated the potential association between ApoM and 

IR and whether that association differs in Swedes and Iraqis.  
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MATERIAL AND METHODS 

Study subjects 

Male and female residents in the Rosengård residential area of Malmö, aged 45 to 65 years and 

born in Sweden (Swedes) or Iraq (Iraqis) were randomly selected from the census register. No 

participant born in Sweden had a parent born in Iraq. We chose the age range 45 to 65 years 

since it was the age group of the non-retired population with the highest probability of 

identifying individuals with prediabetes or diabetes, since the prevalence of diabetes increases 

with age.  

The study was performed according to the Declaration of Helsinki. The ethical committee at 

Lund University approved the study (approval no. 2009/36) and written informed consent was 

given by all the participants in the study after full explanation of the purpose and nature of all 

procedures.  

Clinical variable assessment  

Abdominal obesity was defined as a waist circumference of ≥102 cm for males and ≥88 cm for 

females [16]. Body mass index (BMI), systolic and diastolic blood pressure, and leisure time 

physical activity (LTPA) were measured as described previously [17].  

A standard 75 g oral glucose tolerance test (OGTT) was performed and blood glucose was 

measured in blood samples collected at 0, 30, 60, and 120 minutes using a photometer 

(HemoCue AB, Ängelholm, Sweden) [18]. Insulin sensitivity index (ISI) was calculated from the 

OGTT data using Matsuda indexes, as described previously [19]. Participants were asked not to 

eat after 10 pm the day before sample collection. Normal glucose tolerance (NGT) was defined 

as a fasting plasma glucose (0 h sample) level of <6.1 mmol/L and a plasma glucose level of 

<7.8 mmol/L 2 h after having been given 75 g glucose in the OGTT [20]. IFG was defined as a 

fasting plasma glucose level of ≥6.1 mmol/L and <7.0 mmol/L and a 2 h glucose level of <7.8 

mmol/L. IGT was defined as a fasting plasma glucose level of <7.0 mmol/L and a 2 h glucose 
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level of ≥7.8 mmol/L and < 11.1 mmol/L. T2DM was defined as a fasting plasma glucose level 

of ≥7.0 mmol/L and/or a 2 h glucose level of ≥11.1 mmol/L [20]. Participants who had prevalent 

T2DM (n=22, ~14%)  did not go for an OGTT. Serum insulin levels were determined using a 

radioimmunoassay (Access
©

 Ultrasensitive Insulin, Beckman Coulter, USA) [21]. Homeostasis 

model assessment (HOMA) was used to estimate insulin resistance (HOMA-IR) as described 

previously [22]. Cholesterol and triglycerides were analyzed using enzymatic methods. HDL-

cholesterol was measured after isolation of LDL and VLDL (Boehringer Mannheim GmbH, 

Germany) and LDL-cholesterol was analyzed using Friedewald’s method [23]. C-reactive 

protein (CRP) was measured using a kit from Roche Diagnostics according to the manufacturer’s 

instructions [17].  

Sample preparation and quantification of ApoM 

Fasting samples were collected into a 3.5 ml serum separating tube and were allowed to clot for 

1 h at room temperature. They were then centrifuged for 10 min at 4 °C and serum was aliquoted 

and stored at -80 °C for further use. ApoM levels were measured by a sandwich ELISA method 

described previously [24]. Briefly, 96-well Costar plates (Corning Inc., Lowell, MA, USA) were 

coated with a catching monoclonal ApoM antibody (mAb 58) and blocked with quenching 

buffer. The samples were diluted, added to the plate, and incubated overnight. The bound ApoM 

was detected by using a biotinylated secondary ApoM antibody (mAb 42) in combination with 

streptavidin-avidin-horseradish peroxidase and 1,2-phenylenediamine dihydrochloride (Dako, 

Glostrup, Denmark). The absorbance at 490 nm was measured and compared with a plasma 

standard curve generated using known amounts of ApoM. 

Statistical analysis  

Differences in sample characteristics between Swedish-born subjects and first-generation 

immigrants from Iraq were tested using Student’s t-test for continuous variables, chi-square tests 

for dichotomous variables, and the Wilcoxon rank-sum test for the variables with a non-normal 
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distribution (Table 1). The differences were also adjusted for sex, age, and BMI using linear 

regression for continuous variables, logistic regression for dichotomous variables, ordered 

logistic regression for hyperglycemia, and rank ANCOVA for variables with a non-normal 

distribution. ApoM levels are presented as means and standard deviations and differences 

between subjects with NGT, IGT, and T2D, stratified by country of birth, were tested using 

Student’s t-test (Figure 1). HOMA-IR, ISI, HDL and triglycerides were also compared (using 

linear regression for HDL and median regression for HOMA-IR, ISI and triglycerides) between 

subjects with NGT, IFG/IGT and T2D (Supplementary table 1). 

Univariate linear regression was used to examine the associations of ApoM with HDL (A), 

HOMA-IR (B), ISI (C), and serum insulin (D) (Figure 2). HOMA-IR, serum insulin, and ISI 

were all log-transformed due to skewed distributions. The univariate associations were stratified 

by country of birth to examine whether the associations differed between individuals born in 

Sweden and those born in Iraq. In a multivariate linear regression analysis, the association 

between ApoM and HOMA-IR was adjusted for sex, age, BMI, family history of diabetes, and 

levels of triglycerides, LDL, and HDL. In this model, we also added an interaction term between 

country of birth and HOMA-IR to examine the differences in associations between Iraqis and 

Swedes. STATA version 12 (StataCorp LP) was used for all statistical analyses. 

 

 

 

 

 

 

 

 



8 

 

RESULTS 

In total, 296 individuals were invited to participate. Of these, 194 (Iraqis, n=107; Swedes, n=87) 

agreed to participate and were included in the study between the 1
st
 of February and 31

st
 of 

March 2010. Nineteen participants dropped out (Iraqis, n=11, Swedes, n=8), and for 13 patients 

there was not enough plasma for analysis (Iraqis, n=5; Swedes, n=8). We have no information 

about the reasons for the drop-outs. 

In total, 162 individuals were included (Iraqis, n=91; Swedes, n=71) for ApoM analysis.  

Table 1 shows the anthropometric and metabolic characteristics of the study participants born in 

Iraq and Sweden. Consistent with earlier reported data from the same population-based study, 

compared to Iraqis, Swedes were older (p=0.001) and had lower BMI values (p<0.0001). The 

prevalence of family history of diabetes was significantly higher in Iraqis compared to Swedes 

(p=0.001). Furthermore, mean HDL levels were significantly higher in Swedes than in Iraqis 

(p=0.009), whereas triglyceride levels were higher in Iraqis than in Swedes (p=0.001). However, 

the difference in triglyceride levels did not remain significant after adjustment for age, sex, and 

BMI (p=0.06). In the overall population ApoM levels (mean±SD) were found to be 18% lower in 

Iraqis (0.72±0.15) than in Swedes (0.85±0.23; p<0.0001), and the difference remained 

significant after adjustment for age, sex, and BMI (p=0.001) (Table 1). In order to investigate 

whether the differences in ApoM levels in the two populations were due to difference in HDL 

levels, we adjusted the data for HDL and found that the differences between the two populations 

in ApoM levels were independent of HDL levels (data not shown). 

Stratification of data according to glucose tolerance showed that 56% Iraqis and 61% had NGT, 

21% Iraqis and Swedes had IFG/IGT and 23% Iraqis and 18% Swedes had T2DM 

(Supplementary table 1). HOMA-IR (p=0.002), ISI (P=0.03), HDL (P=0.03) and Triglyceride 

(P=0.01) levels were significantly different in participants with NGT, IFG/IGT and T2DM in 

Swedes. However in Iraqis only HOMA-IR levels were found to be different in participants with 
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NGT, IFG/IGT and T2DM (Supplementary table 1) 

Comparison of ApoM levels (mean±SD) between participants with NGT, IFG/IGT, and T2DM 

showed that Swedish participants with T2DM (0.73±0.18) had significantly lower levels of 

ApoM compared to those with NGT (0.89±0.24; p=0.03) (Figure 1). However, there was no 

difference in ApoM levels among Iraqis with NGT, IFG/IGT, and/or T2DM (p>0.05) (Figure 1). 

Interestingly, Swedes with NGT had a 22% higher level of ApoM compared to Iraqis with NGT 

(0.89±0.24 vs. 0.73±0.13; p<0.0001), whereas ApoM levels were almost identical in Iraqi and 

Swedish participants with T2DM (0.70±0.17 vs. 0.73±0.18; p=0.62), (Figure 1). 

There were five participants in the Swedish population with particularly high levels of ApoM 

(Figure 1 and 2); however, they were not different from the rest of the study population 

regarding BMI or physical activity (data not shown). 

ApoM levels were positively associated with HDL levels in both Swedes (β=0.29; p<0.0001; 

95% CI=0.19-0.39) and Iraqis (β=0.20; p<0.0001; 95% CI=0.11, 0.30), (Figure 2). By contrast, 

ApoM levels were negatively associated with HOMA-IR (β=-0.15; p<0.0001; 95% CI=-0.23, 

-0.08) and serum insulin (β=-0.17; p<0.0001; 95% CI=-0.26, -0.09) and positively associated 

with ISI (β=0.14; p=0.002; 95% CI=0.05, 0.023) in Swedes. No significant associations were 

found between ApoM levels and HOMA-IR (β=-0.03; p=0.16; 95% CI=-0.07, 0.01), serum 

insulin (β=-0.02; p=0.35; 95% CI=-0.08, 0.03), or ISI (β=0.03; p=0.33; 95% CI=-0.03, 0.09) in 

Iraqis, (Figure 2). In multivariate regression analysis with an interaction term between HOMA-

IR and country of birth included in the model (Table 2), HOMA-IR was associated with ApoM 

in Swedes (β=-0.08; p=0.008; 95% CI=-0.14, -0.02), independent of age, sex, BMI, family 

history of diabetes, and levels of triglycerides, HDL, and LDL, but not in Iraqis (β=0.02; p=0.35; 

95% CI=-0.03, 0.07). Furthermore, levels of ApoM were also significantly different according to 

country of birth (Iraqis vs. Swedes), Swedes had higher levels of ApoM independent of age, sex, 

BMI, family history of diabetes, and levels of triglycerides, HDL, and LDL (β=-0.13; p<0.0001; 
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95% CI=-0.20, -0.06). The significant interaction term in the model (HOMA*country of birth) 

shows that the association between ApoM and HOMA-IR differs according to country of birth 

(β=0.10; p=0.003; 95% CI=0.03, 0.17). Levels of triglycerides (β=0.09; p<0.0001; 95% CI=0.06, 

0.12), HDL (β=0.32; p<0.0001; 95% CI=0.24-, 0.39), and LDL (β=0.07; p<0.0001; 95% 

CI=0.04, 0.09) were also significantly associated with ApoM in the model.  
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DISCUSSION 

For the first time we investigated the relationship between ApoM levels and T2DM in Swedish 

residents born in Iraq and Sweden. Our results show significantly higher levels of ApoM in 

Swedes compared to Iraqis. ApoM levels were reduced in T2DM compared to NGT only in 

Swedes. Moreover, lower ApoM levels were significantly associated with IR in Swedes, but not 

in Iraqis.  

A large proportion of the immigrants in Sweden are from the Middle East and Iraq and constitute 

one of the largest immigrant groups in Sweden and the largest immigrant population living in 

Malmö [25]. The prevalence of T2DM in the immigrant population in Sweden has been shown 

to be higher compared to that in native Swedes [3]. Immigrants from the Middle East are known 

to have a different form of T2DM compared to the Swedish born population [4]. However, the 

molecular basis for these differences is not well understood.  

Lower levels of HDL are related to a higher incidence of T2DM in various ethnic populations 

[26]. Furthermore, recent evidence suggests that HDL may directly contribute to the 

pathogenesis of T2DM through its ability to enhance pancreatic β-cell function and glucose 

uptake in skeletal muscles [27]. HDL levels are known to strongly correlate with ApoM [24] . 

Preclinical studies show a reduction in ApoM levels in diabetic and hyperglycemic models [28]. 

Furthermore in a human study on Caucasians, Plomgaard et al. found a 9% decrease in ApoM 

levels in patients with T2DM compared to control subjects [29]. In agreement with these results, 

we also found significantly lower levels of ApoM in participants with T2DM compared to 

participants with NGT; however, the difference was present only in Swedes but not in Iraqis. The 

mean plasma ApoM concentration in healthy individuals has been shown to be 0.9 µM [24]. In 

concurrence with these results, we found approximately the same levels of ApoM in Swedish 

participants with NGT; however, Iraqi participants with NGT had significantly lower levels of 

ApoM. Interestingly, Iraqi participants with NGT had nearly identical ApoM levels to Swedish 
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participants with T2DM. Together these results suggest that ApoM levels are associated with 

T2DM only in Swedes but not in Iraqis and differences in ApoM levels may partly explain the 

differences in T2DM in these two populations at molecular level.  

IR is a key etiological factor for T2DM. In order to investigate the role of ApoM in the 

pathogenesis of T2DM, we explored the relationship between IR and ApoM. We found a 

negative association between ApoM and IR in Swedes but not in Iraqis. Furthermore this 

association was significantly different according to the country of birth independently of 

differences in demographics, adiposity, and family history of diabetes between the two 

populations. One possible mechanism for the differences between the two populations could be 

genetic influence of ApoM on the development of diabetes. A single-nucleotide polymorphism 

(T-778C) in the promoter region of ApoM was associated with type 1 diabetes in Han Chinese 

and Swedish populations [30]. However, it is not known whether the T-778C polymorphism has 

any role to play in T2DM. Another possible mechanism could be the differences in IR in the two 

populations, which could also influence the difference in ApoM in the two groups. Another 

major factor, which could explain the difference in ApoM in the two populations, could be 

differences in HDL levels. However differences in ApoM levels between Iraqis and Swedes 

were found to be independent of HDL levels in two populations. Nevertheless, based on our 

results it can be concluded that ApoM levels differ between Swedes and Iraqis independent of 

age, sex, BMI and HDL levels. However, the mechanism underlying the differences in ApoM 

between Iraqis and Swedes and its association with insulin resistance needs to be investigated 

further.  

The main limitation of our study is the cross-sectional design of the study, which meant that a 

temporal relationship between ApoM and IR could not be determined. Another limitation of the 

study is the lack of genetic information, which could have explained the differences found in two 

populations. Finally, it should also be noted that this study was performed in a specific, restricted 
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sample of the Swedish population. A key strength is that this is the first study of its kind in 

which ApoM levels in relation to T2DM and IR have been examined in two ethnic groups.  

In conclusion we show that ApoM levels differ according to country of birth and that the lower 

levels of ApoM are associated with IR and T2DM in Swedes, but not in Iraqis. 

 



14 

 

ACKNOWLEDGMENTS    

We would like to thank Anna Hedelius for excellent technical support and science editor Stephen 

Gilliver for critical reading of the article.  

Grant support 

The study was supported by ALF funding, FoU grants from Region Skåne, and a grant from the 

Swedish Society of Medicine awarded to LB, and by grants awarded to JS KS and BD by the 

Swedish Research Council and ALF project grants. 

Conflict of Interest Statement 

The authors declare no conflict of interest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 

 

REFERENCES 

[1]  Clark CM, Jr., Lee DA. Prevention and treatment of the complications of diabetes mellitus. 

N Engl J Med 1995;332:1210-7. 

[2]  Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J. The metabolic syndrome: a 

global public health problem and a new definition. J Atheroscler Thromb 2005;12:295-

300. 

[3]  Wandell PE, Johansson SE, Gafvels C, Hellenius ML, de Faire U, Sundquist J. Estimation 

of diabetes prevalence among immigrants from the Middle East in Sweden by using three 

different data sources. Diabetes & metabolism 2008;34:328-33. 

[4]  Glans F, Elgzyri T, Shaat N, Lindholm E, Apelqvist J, Groop L. Immigrants from the 

Middle-East have a different form of Type 2 diabetes compared with Swedish patients. 

Diabet Med 2008;25:303-7. 

[5]  Xu N, Dahlback B. A novel human apolipoprotein (apoM). The Journal of biological 

chemistry 1999;274:31286-90. 

[6]  Christoffersen C, Obinata H, Kumaraswamy SB, Galvani S, Ahnstrom J, Sevvana M, 

Egerer-Sieber C, Muller YA, Hla T, Nielsen LB, Dahlback B. Endothelium-protective 

sphingosine-1-phosphate provided by HDL-associated apolipoprotein M. Proceedings of 

the National Academy of Sciences of the United States of America 2011;108:9613-8. 

[7]  Christoffersen C, Jauhiainen M, Moser M, Porse B, Ehnholm C, Boesl M, Dahlback B, 

Nielsen LB. Effect of apolipoprotein M on high density lipoprotein metabolism and 

atherosclerosis in low density lipoprotein receptor knock-out mice. The Journal of 

biological chemistry 2008;283:1839-47. 

[8]  Ahnstrom J, Gottsater A, Lindblad B, Dahlback B. Plasma concentrations of 

apolipoproteins A-I, B, and M in patients with critical limb ischemia. Clinical biochemistry 

2010;43:599-603. 



16 

 

[9]  Memon AA, Sundquist J, Zoller B, Wang X, Dahlback B, Svensson PJ, Sundquist K. 

Apolipoprotein M and the risk of unprovoked recurrent venous thromboembolism. 

Thrombosis research 2014;133:322-6. 

[10]  Christoffersen C, Nielsen LB, Axler O, Andersson A, Johnsen AH, Dahlback B. Isolation 

and characterization of human apolipoprotein M-containing lipoproteins. Journal of lipid 

research 2006;47:1833-43. 

[11]  Peterson SJ, Drummond G, Kim DH, Li M, Kruger AL, Ikehara S, Abraham NG. L-4F 

treatment reduces adiposity, increases adiponectin levels, and improves insulin sensitivity 

in obese mice. Journal of lipid research 2008;49:1658-69. 

[12]  Kruit JK, Kremer PH, Dai L, Tang R, Ruddle P, de Haan W, Brunham LR, Verchere CB, 

Hayden MR. Cholesterol efflux via ATP-binding cassette transporter A1 (ABCA1) and 

cholesterol uptake via the LDL receptor influences cholesterol-induced impairment of beta 

cell function in mice. Diabetologia 2010;53:1110-9. 

[13]  Niu N, Zhu X, Liu Y, Du T, Wang X, Chen D, Sun B, Gu HF. Single nucleotide 

polymorphisms in the proximal promoter region of apolipoprotein M gene (apoM) confer 

the susceptibility to development of type 2 diabetes in Han Chinese. Diabetes/metabolism 

research and reviews 2007;23:21-5. 

[14]  Solhpour A, Parkhideh S, Sarrafzadegan N, Asgary S, Williams K, Jungner I, Aastveit A, 

Walldius G, Sniderman A. Levels of lipids and apolipoproteins in three cultures. 

Atherosclerosis 2009;207:200-7. 

[15]  Wilson PW, D'Agostino RB, Parise H, Sullivan L, Meigs JB. Metabolic syndrome as a 

precursor of cardiovascular disease and type 2 diabetes mellitus. Circulation 

2005;112:3066-72. 

[16]  Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais 

P, Varigos J, Lisheng L. Effect of potentially modifiable risk factors associated with 



17 

 

myocardial infarction in 52 countries (the INTERHEART study): case-control study. 

Lancet 2004;364:937-52. 

[17]  Bennet L, Johansson SE, Agardh CD, Groop L, Sundquist J, Rastam L, Sundquist K. High 

prevalence of type 2 diabetes in Iraqi and Swedish residents in a deprived Swedish 

neighbourhood--a population based study. BMC Public Health 2011;11:303. 

[18]  von Schenck H, Falkensson M, Lundberg B. Evaluation of "HemoCue," a new device for 

determining hemoglobin. Clinical chemistry 1986;32:526-9. 

[19]  Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral glucose tolerance 

testing: comparison with the euglycemic insulin clamp. Diabetes Care 1999;22:1462-70. 

[20]  Organization WH. Defination, diagnosis and classification of diabetes mellitus and its 

complications: Report of a WHO consultation. Part.1 Diagnosis and classification of of 

diabetes mellitus. Geneva: World Health Organization; 1999. 

[21]  Thorell J LS. Radioimmunoassay and related techniques. The CV Mosby Company, ST 

Louis 1978:205-21. 

[22]  Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 

Homeostasis model assessment: insulin resistance and beta-cell function from fasting 

plasma glucose and insulin concentrations in man. Diabetologia 1985;28:412-9. 

[23]  Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 

lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical 

chemistry 1972;18:499-502. 

[24]  Axler O, Ahnstrom J, Dahlback B. An ELISA for apolipoprotein M reveals a strong 

correlation to total cholesterol in human plasma. Journal of lipid research 2007;48:1772-

80. 

[25]  Statistics Sweden. Statistics Sweden. 



18 

 

[26]  Seo MH, Bae JC, Park SE, Rhee EJ, Park CY, Oh KW, Park SW, Kim SW, Lee WY. 

Association of lipid and lipoprotein profiles with future development of type 2 diabetes in 

nondiabetic Korean subjects: a 4-year retrospective, longitudinal study. The Journal of 

clinical endocrinology and metabolism 2011;96:E2050-4. 

[27]  Drew BG, Rye KA, Duffy SJ, Barter P, Kingwell BA. The emerging role of HDL in 

glucose metabolism. Nature reviews Endocrinology 2012;8:237-45. 

[28]  Zhang X, Jiang B, Luo G, Nilsson-Ehle P, Xu N. Hyperglycemia down-regulates 

apolipoprotein M expression in vivo and in vitro. Biochimica et biophysica acta 

2007;1771:879-82. 

[29]  Plomgaard P, Dullaart RP, de Vries R, Groen AK, Dahlback B, Nielsen LB. 

Apolipoprotein M predicts pre-beta-HDL formation: studies in type 2 diabetic and 

nondiabetic subjects. Journal of internal medicine 2009;266:258-67. 

[30]  Wu X, Niu N, Brismar K, Zhu X, Wang X, Efendic S, Du T, Liu Y, Gu HF. 

Apolipoprotein M promoter polymorphisms alter promoter activity and confer the 

susceptibility to the development of type 1 diabetes. Clinical biochemistry 2009;42:17-21. 

 

 

 

 

 

 

 

 

 

 



19 

 

FIGURE LEGENDS 

Figure 1. Levels of ApoM in NGT, IFG/IGT and T2DM in Iraqis. No significant difference was 

found in ApoM levels between NGT, IFG/IGT and T2DM in Iraqi participants (p>0.05). 

Swedish participants with T2DM had significantly lower levels of ApoM compared to those with 

NGT. No significant difference was found in ApoM levels between NGT and IFG/IGT in 

Swedes. Iraqis participants with NGT had significantly lower levels of ApoM compared to 

Swedish participants with NGT (p<0.0001). Bars indicate the mean values. *p<0.05 and 

***p<0.0001.  

Figure 2. Relationship between ApoM levels and HDL, HOMA-IR and ISI in Swedes (broken 

line) and Iraqis (solid line). ApoM levels were positively associated with HDL (A) in both 

Swedes, (p<0.0001) and Iraqis, (p<0.0001). ApoM levels were negatively associated with 

HOMA-IR (B), (p<0.0001) and positively associated with ISI (C) (p=0.002) in Swedes. No 

significant association was found between ApoM and HOMA-IR and ISI in Iraqis (p>0.05). 

a
HOMA-IR and 

a
ISI, were natural log transformed.  

 

 

 

 

 

 

 

 

 

 

 







Table 1. Characteristics of the study population and ApoM levels according to country of birth 

Covariate Iraq (n=91) Sweden (n=71) p-value Adj. p-value
e
 

Sex (female/male)
a, f  

43/48 (47/53)  33/38 (46/54)  0.92 0.81 

Age (years)
b, f 

55 (6.0) 57 (5.1) 0.006 0.001 

BMI (kg/m
2
)

b, f 
30 (4.5) 27 (5.0) 0.002 < 0.0001 

Waist circumference (cm)
b, e,f

 100 (12.0) 98 (13.3) 0.47 0.25 

Sedentary lifestyle (yes/no)
a,e 

57/25 (70/30)  43/27 (61/39)  0.30 0.77 

Family history of diabetes (yes/no)
a,e 

47/28 (63/37)  18/50 (26/74)  < 0.0001 0.001 

HOMA-IR
c,e

 2.1 (1.8) 1.9 (1.4) 0.18 0.78 

ISI
c,e

 84 (56) 102 (97) 0.16 0.97 

Serum insulin (pmol/L)
c,e

 8.0 (5.0) 7.0 (5.0) 0.13 0.73 

Fasting glucose (mmol/L)
b,e

 6.3 (2.2) 6.0 (1.3) 0.26 0.40 

2 hour glucose (mmol/L)
b,e

 6.9 (2.8) 6.4 (3.0) 0.28 0.34 

HbA1c (%)
b, d,e

 5.3 (1.2) 5.1 (0.9) 0.38 0.36 

Cholesterol
b,e

 5.2 (1.0) 5.4 (1.1) 0.10 0.23 

LDL (mmol/L)
b,e 

3.4 (0.8) 3.6 (1.0) 0.12 0.35 

HDL (mmol/L)
b,e 

1.1 (0.3) 1.2 (0.4) 0.002 0.009 

Triglycerides (mmol/L)
c,e 

1.4 (1.1) 1.0 (0.9) 0.001 0.06 

C-peptide (mmol/L)
c,e 

0.67 (0.28) 0.73 (0.49) 0.26 0.003 

CRP (mg/L)
b,e

 3.9 (3.1) 3.9 (4.4) 0.98 0.85 

ApoM (µM)
b,e

 0.72 (0.15) 0.85 (0.23) < 0.0001 0.001 

 aSex, sedentary lifestyle, and family history of diabetes are presented as numbers and percentages. 
bAge, BMI (body mass index), waist circumference, fasting glucose, 2 hour glucose, HbA1c, cholesterol, LDL (low-density lipoprotein), HDL (high-

density lipoprotein), CRP (C-reactive protein), and ApoM are presented as the mean and standard deviation. 
cHOMA-IR (homeostasis model assessment-insulin resistance), ISI (insulin sensitivity index), serum insulin, triglycerides, and C-peptide are presented as 
the median and interquartile range. 
dHbA1c is presented as the mean in IFCC units (NGSP units). 
eAdjusted for sex, age, and BMI 
fSex was adjusted for age and BMI; age was adjusted for sex and BMI; BMI and waist circumference were adjusted for sex and age. 

P-values <0.05 are highlighted in bold. 

 



Table 2. Multivariate linear regression with ApoM (µM) as the outcome and with an interaction term  

between country of birth and HOMA-IR 
Multivariate

a
  β p-value

b
 95% CI 

HOMA-IR
c 
(Swedes) -0.08 0.008 -0.14, -0.02 

Country of birth (Iraq vs. Sweden) -0.13 < 0.0001 -0.20, -0.06 

HOMA-IR*Country of birth 0.10 0.003 0.03, 0.17 

Family history of diabetes (yes/no) -0.003 0.89 -0.05, 0.05 

p-Triglycerides 0.09 < 0.0001 0.06, 0.12 

p-HDL 0.32 < 0.0001 0.24, 0.39 

p-LDL 0.07 < 0.0001 0.04, 0.09 
aAdjusted for age, sex, body mass index 
 High-density lipoprotein (HDL); low density lipoprotein (LDL)  
bTest of whether the regression coefficient is equal to zero 
cNatural log transformed 

 



Supplementary Table 1. Characteristics of the study population according to glucose tolerance and country of birth 

Covariate Iraq (n=91) Sweden (n=71) 

 NGT  

n = 51 (56%) 

IFG/IGT 

n = 19 (21%) 

T2DM 

n = 21 (23%) 

pc  NGT  

n = 43 (61%) 

IFG/IGT  

n = 15 (21%) 

T2DM  

n = 13 (18%) 

pc  

HOMA-IRa 1.7 (1.1) 2.1 (3.9) 4.0 (3.8) < 0.0001  1.5 (1.0) 2.3 (1.4) 3.0 (1.5) 0.002  

ISIa 108 (71) 67 (52) 43 (44) 0.10  118 (107) 68 (39) 51 (45) 0.03  

HDL (mmol/L)b 1.1 (0.3) 1.0 (0.2) 0.9 (0.3) 0.06  1.3 (0.4) 1.4 (0.5) 1.0 (0.2) 0.03  

Triglycerides (mmol/L)a 1.5 (1.1) 1.4 (1.1) 1.3 (1.0) 0.62  0.9 (0.8) 1.1 (0.7) 1.6 (1.1) 0.01  

 aHOMA-IR (homeostasis model assessment-insulin resistance), ISI (insulin sensitivity index) and triglycerides are presented as the median and interquartile range. 
bHDL (high-density lipoprotein) are presented as the mean and standard deviation. 
cTest of differences in covariate between NGT, IFG/IGT and T2DM. 
P-values <0.05 are highlighted in bold. 

 


