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The high risk for type 2 diabetes 
among ethnic minority populations 
is not explained by low-grade 
inflammation
Mirthe Muilwijk1*, Max nieuwdorp2, Marieke B. Snijder1,3, Michel H. P. Hof3, Karien Stronks1 & 
Irene G. M. van Valkengoed1

Our aim was to identify whether low-grade inflammation, reflected by C-reactive protein (CRP), 
explains the higher risk for incident type 2 diabetes (T2D) among ethnic minorities. We included 837 
Dutch, 712 South-Asian Surinamese, 797 African Surinamese, 804 Ghanaian, 817 Turkish and 778 
Moroccan origin participants of the HELIUS study (Amsterdam, the Netherlands). We used multiple 
linear regression to assess ethnic differences in CRP levels. We determined the association of CRP 
with T2D and the modifying effect of ethnicity by cox regression, and compared hazard ratios for 
the association between ethnicity and T2D before and after adjustment for CRP. CRP levels were 
higher in ethnic minority groups than in Dutch origin participants. CRP was associated with a higher 
T2D incidence, similarly across ethnic groups (overall HR per SD 1.38 [95% CI 1.14; 1.68]). However, 
the association was attenuated and no longer statistically significant after adjustment for adiposity 
measures (HR 1.11 [95% CI 0.90; 1.37]). CRP accounted for a very small part of the ethnic differences 
in T2D, but only in models unadjusted for adiposity. Low-grade inflammation does not substantially 
contribute to the higher risk of T2D among ethnic minority populations compared to the Dutch.

The incidence of type 2 diabetes (T2D) is 2–12 times higher in South-Asian and African populations compared 
to European populations1,2. The causes of this increased risk have not been fully elucidated, but might be partly 
explained by higher levels of low-grade inflammation among ethnic minorities. T2D is characterized by a state 
of low-grade inflammation, which may mainly be attributed to over-nutrition, excess adipose tissue and lipo-
toxicity3. Other sources of inter-individual variability in low-grade inflammation include ageing, genetics and 
lifestyle factors such as smoking3–5. Low-grade inflammation affects both insulin signalling and β-cell function6. 
C-reactive protein (CRP) is a marker of low grade inflammation. If CRP explains part of the higher risk for 
T2D among ethnic minorities, future studies may investigate whether targeting underlying causes of low-grade 
inflammation, besides overweight and smoking, may reduce the higher T2D risk among ethnic minorities and 
the incidence of T2D in general.

CRP has been associated with incidence of T2D in some populations5,7. Underlying mechanisms are mainly 
related to harmful effects of cytokines amongst which direct interference in insulin signal transduction and β-cell 
deterioration. Associations between CRP and T2D were, however, inconsistent across studies, which may be related 
to ethnicity8. Importantly, the association has not yet been confirmed among high-risk South-Asian, African 
Surinamese, Ghanaian, Turkish and Moroccan origin populations. If confirmed, and if CRP levels are found/con-
firmed to be high, low-grade inflammation may explain the increased risk for T2D among ethnic minorities.

Previous studies already showed ethnic differences in CRP levels to exist9,10, which may indicate a 
pro-inflammatory state which makes some groups, e.g. South-Asians, especially vulnerable for T2D11–13. CRP 
levels were for instance shown to be similar among Ghanaians and Dutch14, but higher among Moroccans and 
Turks than among Dutch15, and higher among South-Asians than Europeans12,16,17.
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Our study set out to investigate the contribution of low-grade inflammation to differences in T2D incidence 
amongst six different ethnic origin groups living in Amsterdam, the Netherlands. First, we describe differences 
in CRP levels between people of Dutch, Turkish, Moroccan, Ghanaian, South-Asian Surinamese and African 
Surinamese origin. Second, we investigated the association of CRP with incident T2D. Finally, we determined 
whether the increased risk for T2D among ethnic minorities were explained by higher levels of CRP.

Participants and Methods
Population. We used baseline data from the HELIUS study, collected between 2011 and 2015. HELIUS is 
a multi-ethnic cohort among six ethnic groups living in Amsterdam18,19. In brief, participants were randomly 
sampled from the municipality registry, stratified by ethnicity. Data were collected among 24,789 participants; 
questionnaires, physical examinations and biological samples were obtained19. CRP levels were measured in ran-
dom subsamples of 1000 participants from each ethnic group (total n = 6000), who had complete data on cardi-
ovascular measurements and stored blood samples available. In two participants, CRP could not be determined 
due to too little material. Additionally, participants who had T2D at baseline were excluded. Prevalent T2D was 
defined by self-reported physician diagnosis and/or measured fasting plasma glucose levels of ≥7.0 mmol.l−1 
and/or anti-diabetic medication use. Finally, a total of 559 participants were lost to follow-up (7.4–11.5% per 
ethnic group). Therefore, 837 participants of Dutch, 712 of South-Asian Surinamese, 797 of African Surinamese, 
804 of Ghanaian, 817 of Turkish and 778 of Moroccan ethnicity were included in the current study. HELIUS was 
approved by the Ethics Committee of the Amsterdam Medical Center (MREC 10/100# 17.10.1729). Informed 
consent was obtained from all individual participants included in the study.

Measurements. Ethnicity was defined by the individual’s country of birth combined with the parental coun-
tries of birth20. Non-Dutch ethnic origin was assigned to participants born abroad with at least one parent born 
abroad or born in the Netherlands with both parents born abroad. The Surinamese group was further classified 
according to self-reported ethnic origin19.

Information on packyears of smoking and physical activity were determined from the questionnaire. 
Packyears was calculated by multiplying the number of packs (containing 20 cigarettes) smoked a day by the 
number of years. Smoking cigars and pipe tobacco were also included by calculating the equivalent rates of 
tobacco. The physical activity score was derived by the SQUASH questionnaire21, results were converted to min-
utes per week and multiplied by the metabolic equivalent (MET) intensity score. The total score was subdivided 
in quartiles, because of its skewed distribution. Body Mass Index (BMI) was determined by dividing measured 
body weight (kg) by height squared (m2). Weight and height were measured in barefoot participants wearing light 
clothes only. Waist circumference (WC) was measured using a tape measure at the level midway between the 
lowest rib margin and the iliac crest. All anthropometric measures were taken in duplicate and the mean was used 
in the analyses. Family history of diabetes was derived from the questionnaire.

High-sensitive CRP (hs-CRP) levels were measured in heparin plasma by a particle enhanced immunoturbi-
dimetric assay. Human CRP agglutinates with latex particles were coated with monoclonal anti-CRP antibodies. 
The aggregates were determined turbidimetrically with a Cobas 702c analyser (Roche Diagnostics, Mannheim, 
Germany). In 624 participants, the CRP-value was below the detection limit (<0.3 mg/L) and replaced by a value 
of 0.15 mg/L. Because the distribution of CRP levels was skewed, we used a log-10 transformation and divided the 
derived values by the standard deviation before analysis.

Incident diabetes. Incident T2D cases were identified through record linkage with two health care regis-
trations. First, HELIUS data were linked to reimbursement data from the Achmea insurance company (Achmea 
Health Database) which were registered from January 1, 2010 until April 30, 2016. 15,461 participants could 
be linked to the Achmea data (77.7% of 19,895 with linkage consent and available Citizen Service Number). A 
trusted third party was used for linking the data by Citizen Service Number. To define incident T2D, we consid-
ered the use of glucose lowering medication (ATC codes A10).

Second, HELIUS data was linked to Vektis data registered from January 1, 2011 until December 31, 2017. 
Vektis collects insurance data of all insurance companies in the Netherlands. This additional step was undertaken 
to identify participants who were not insured with Achmea, increase follow-up duration, and to identify partic-
ipants who received multidisciplinary care for their T2D. Linkage was done by probabilistic linkage22 based on 
date of birth, sex, and postal code. Records were matched if the probability of being a match was at least 95%. 
Records with the highest probability of being a match were selected. In case of a similar probabilities, diabetes 
statuses were inspected. In case of equal statuses this status was selected, otherwise T2D status was set to missing. 
In total, 18,425 participants were linked with Vektis data (89% of 20,681 with linkage consent). To define incident 
T2D, we considered either receiving multidisciplinary care based on care performance codes or use of pharmaco-
logical medication for diabetes registered by codes FKG_D2a and FKG_D2b.

In total, we were able to link 96.4% of all the HELIUS participants who had provided permission for data 
linkage (n = 19,932 of 20,681) with at least one of two data sources. Finally, we defined incident T2D as the first 
registration of one of the considered codes in either the Achmea database or the Vektis database. We checked 
whether participants had a registration with one of the considered codes before their inclusion in HELIUS, this 
was not the case for any of the participants.

Statistical analyses. We first verified whether the association between CRP and T2D incidence differed 
by sex in models adjusted for age and ethnicity (data not shown). We did not stratify the analyses by sex, as no 
interaction was found.

Baseline characteristics of the participants were presented, and incidence density of T2D per 1000 
person-years was determined by dividing the number of incident T2D cases by the follow-up duration. Follow-up 

https://doi.org/10.1038/s41598-019-56596-4


3Scientific RepoRtS |         (2019) 9:19871  | https://doi.org/10.1038/s41598-019-56596-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

duration was determined from inclusion date within HELIUS until loss to follow-up, latest moment of data 
linkage, or the moment that a participant developed T2D, and rounded up to whole years. Differences in CRP 
levels between ethnic minority populations and the Dutch were additionally investigated using multiple linear 
regression.

The association of CRP levels with incident T2D was investigated using Cox regression and presented as 
hazard ratios per SD increase with their corresponding 95% confidence intervals (HR [95% CI]). We investigated 
whether the association between CRP and T2D differed by ethnic origin by adding multiplicative interaction 
terms between CRP and ethnic groups in our models.

Finally, we analysed in each model whether ethnic differences in T2D were (partly) explained by CRP. This 
was done by estimating the association between ethnicity and T2D and comparing HRs before and after adjust-
ment for CRP levels in each of the models.

As sensitivity analysis we repeated all analyses for participants with CRP levels above 10 mg/L (n = 181) 
excluded from the analyses as this can indicate an acute inflammation23, and our interest was in low-grade inflam-
mation (Appendix 1). In an additional model, we adjusted for education level to be able to assess whether the 
association between ethnicity and T2D risk is due to the lower socio-economic status (SES) of ethnic minorities 
(data not shown). SES was not considered in the main analyses as confounding variable, because we believe it to 
partly causally mediate the association between ethnic background and T2D and ethnic differences may errone-
ously appear smaller. Post-hoc, family history of T2D was considered as well.

We used step-wise adjustment for confounders in our models, and adjusted for ethnicity (where needed), age, 
sex, physical activity, smoking, BMI and WC. This was in accordance with our conceptual model shown at http://
dagitty.net/m1n0V9C.

All analyses were conducted in R version 3.5.1. P-values < 0.05 were considered as statistically significant.

Results
The amount of women included ranged from 52.2% among South-Asian Surinamese to 66.1% among Moroccans 
(Table 1). The mean age ranged from 38.9 years in the Moroccan origin group to 47.2 years in the African 
Surinamese origin group. Ethnic minority origin populations had relatively higher levels of obesity measures than 
the Dutch origin population. During a median follow-up of 4.0 years [IQR 3.0; 4.0], 124 participants developed 
T2D. The incidence density per 1000 Person-Years varied from 3.0 among Dutch to 11.7 among South-Asian 
Surinamese participants.

Median baseline CRP levels were lowest among the Dutch and highest among South-Asian Surinamese 
(Fig. 1). CRP levels adjusted for age, and further adjusted for smoking and physical activity, were statistically sig-
nificantly higher among all ethnic minority groups as compared with Dutch participants (Fig. 2 and Appendix 2). 
The ethnic differences remained after additional adjustment for BMI and WC in all but Ghanaian participants.

We did not find statistical evidence for associations between CRP and T2D being modified by ethnicity 
(Appendix 3). Because of this, analyses were combined for all ethnic groups, with adjustment for ethnicity (Fig. 3 
and Appendix 4). Higher levels of CRP were associated with T2D incidence in models adjusted for age, smoking 
and physical activity. The association was attenuated and no longer statistically significant when further adjusted 
for BMI and WC.

The incidence of T2D was significantly higher among South-Asian Surinamese, African Surinamese, 
Ghanaian, Turkish and Moroccan as compared with Dutch (Fig. 4 and Appendix 6). A limited part of the ethnic 
differences in T2D incidence was explained by CRP in the models unadjusted for BMI and WC in South-Asian 
Surinamese, African Surinamese, Turkish and Moroccan participants, but not in Ghanaian participants. In the 
models including BMI and WC, CRP did not further explain ethnic differences in T2D prevalence or incidence.

Dutch
South-Asian 
Surinamese

African 
Surinamese Ghanaian Turkish Moroccan

n 837 712 797 804 817 778

% Men (n) 47.3 (396) 47.8 (340) 39.6 (316) 40.3 (324) 43.1 (352) 33.9 (264)

Age (years) 45.5 (13.9) 43.8 (13.3) 47.2 (12.4) 44.4 (11.3) 39.6 (11.7) 38.9 (12.6)

% Smoking (n) 25.9 (217) 27.4 (195) 32.7 (261) 5.2 (42) 33.9 (277) 13.1 (102)

Physical activity (met/week) 7830 (5652; 10320) 6660 (4301; 9405) 7270 (4560; 11520) 5956 (3099; 10593) 5070 (2520; 8400) 5575 (3000; 8705)

BMI (kg/m2) 24.5 (3.8) 25.6 (4.2) 27.2 (5.1) 28.3 (4.5) 27.9 (5.1) 27.1 (5.0)

WC (cm) 88.9 (12.1) 89.7 (11.3) 91.0 (12.5) 92.7 (11.5) 92.4 (13.0) 90.9 (12.7)

% Family history diabetes (n)

Missing data 8.4 (70) 11.1 (79) 13.0 (104) 16.0 (129) 11.1 (91) 14.1 (110)

Yes 17.2 (144) 52.2 (372) 38.0 (303) 17.2 (138) 41.4 (338) 45.8 (356)

No 65.5 (548) 30.2 (215) 37.9 (302) 44.2 (355) 39.3 (321) 35.1 (273)

Unknown 9.0 (75) 6.5 (46) 11.0 (88) 22.6 (182) 8.2 (67) 5.0 (39)

Incidence density T2D per 
1000 Person Years (n cases) 3.0 (10) 11.7 (33) 6.8 (22) 9.0 (28) 6.6 (19) 5.0 (12)

CRP (mg/L) 0.8 (0.4; 1.9) 1.6 (0.7; 3.3) 1.4 (0.6; 3.3) 1.0 (0.5; 2.3) 1.4 (0.6; 3.4) 1.5 (0.7; 3.6)

Table 1. Baseline characteristics by ethnic group. Data are mean (SD), median (IQR) or n (%). BMI = Body 
Mass Index; WC = Waist Circumference.
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All observed results remained similar after exclusion of participants who had CRP levels that might indicate 
acute inflammation (>10.0 mg/L; Appendix 1). The observed findings also remained similar in additional analy-
ses with adjustment for SES and family history of diabetes (data not shown).

Discussion
Our study shows that CRP levels are higher among ethnic minority participants of South-Asian Surinamese, 
African Surinamese, Turkish and Moroccan origin than Dutch participants, but similar among Ghanaians, sug-
gesting ethnic differences in low grade inflammation. Furthermore, positive associations between CRP and T2D 
are observed, without evidence for different associations between CRP and T2D across ethnic groups. A very 
small part of the higher risk for T2D among ethnic minorities explained by higher levels of CRP. Analyses with 
further adjustment for BMI and WC suggest that this may be because CRP levels partly differ due to differences 
in adiposity levels among ethnic groups.

Limitations. CRP was used as a marker of inflammation, but does not necessarily reflect the degree of inflam-
mation of individual tissues. CRP is mainly produced in the liver and mainly induced by IL-6 which mainly marks 
inflammation of adipose tissue. Therefore, the relative contribution of liver and adipose tissue to circulating CRP 
is disproportionally compared to other tissues24. Moreover, CRP is only one marker of inflammation and other 
markers may provide different insights. This may prove problematic in case various markers are expressed differ-
ently across ethnic groups. However, there is no evidence available to support this.

Incident T2D was determined from insurance data. Therefore, only those participants who received diabetes 
care were registered as T2D cases. We will have missed participants who despite having developed T2D were 
not diagnosed with T2D, for instance because they did not visit their GP during the period of follow-up or due 
to registration issues. Results should therefore be interpreted with care, especially since screening rates for T2D 
between ethnic groups may differ due to differences in awareness of T2D risk across ethnic groups; awareness 
rates were previously shown to be higher among ethnic minority populations compared to the Dutch2. Moreover, 
we used probabilistic data linkage to link to the Vektis database, record pairs may have falsely been identified as 
match (i.e. belonging to the same individual). However, we chose a relatively high threshold to be sure that linked 
data was of high enough quality25. A potential downside of setting such a high threshold is that we could have 
missed some true matches, particularly in groups where partially identifying variables are less distinctive, e.g. 
date of birth in Moroccans. However, due to the large number of observations in both datasets, we considered this 
to be less important. Moreover, our linkage methods showed a 98% overlap in T2D statuses among participants 
identified in both databases, and analyses with prevalent T2D confirmed our longitudinal results (Appendices 6 
and 7).

Discussion of key findings. Earlier studies described higher CRP levels among South-Asian compared 
to European populations, and Moroccan and Turkish compared to Dutch populations12,15–17, and similar levels 
of CRP among Ghanaian compared to Dutch populations14. Our study confirmed these results and expanded 
the evidence to African Surinamese populations. Ethnic differences were partly explained by ethnic differences 
in adiposity levels. Adipocytes excrete some CRP, but adipocytes mainly increase the amount of CRP by indi-
rect stimulation by IL-626. However, higher CRP levels remained in our study among South-Asian Surinamese, 
African Surinamese, Turkish and Moroccan participants compared to Dutch participants after adjustment for 
estimates of adiposity. This is in line with other studies that showed that differences in BMI levels are not likely 
to fully account for the ethnic differences in CRP levels9,10. However, not all previous studies took the potential 
ethnic differences in body composition into account. BMI may explain different proportions of CRP levels within 
various ethnic groups, due to different correlates with body fat distribution27. To account for these differences in 
body fat distribution, our analyses were adjusted for WC in addition to BMI. These analyses showed that some 
ethnic differences remain even after adjustment for WC. As WC cannot fully replace an estimate of body fat mass 
and distribution by DEXA28, we cannot exclude the possibility that the slightly elevated adjusted levels of CRP 
indicating low-grade systemic inflammation in ethnic minority populations compared to the Dutch are partly 
due to residual confounding. However, other underlying factors may also contribute to the observed differences; 
factors likely to contribute are ethnic differences in underlying medical conditions, second hand smoke exposure, 
air pollution, other factors resulting in tissue injury or stress and heritability4,15,29.

Figure 1. Distribution of CRP (mg/L) by ethnic group.
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It has previously been hypothesized that inflammation plays an important role in the pathogenesis of T2D, 
although its relative importance remains unknown24. Our study shows a positive association of CRP with incident 
T2D that is consistent with associations previously described. We did not find differing associations between 
CRP and T2D across ethnic groups of Dutch, South-Asian Surinamese, African Surinamese, Ghanaian, Turkish 
and Moroccan origin living in the Netherlands. This might be due to limited power. However it is not to be 
expected that, if differences in association between the ethnic groups under study do exist, these will be large. A 
meta-analyses showed positive associations between CRP and incident T2D in all studies among ethnic groups 

Figure 2. Adjusted differences in log-CRP levels (standardized beta’s) between ethnic minority groups and 
Dutch (reference). (a) Model 1 was adjusted for sex and age. (b) Model 2 was adjusted for sex, age, smoking and 
physical activity. (c) Model 3 was adjusted for sex, age, smoking, physical activity, BMI and waist circumference.
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of North-American, European and Asian background, except for two studies among two north-American 
Aboriginal populations5, this might be a true association or due to study design. Altogether we suggest that there 
is limited to no evidence that the association between CRP and incident T2D differs across ethnic groups. In 
line with our study, associations between CRP and T2D were attenuated in studies that adjusted for either WC 
or waist-to-hip ratio5. In our study, the association between CRP and T2D was no longer statistically significant 
after adjustment for measures of adiposity, but this might also in part be due to limited power. The attenuation of 
the association between CRP and incident T2D after adjustment for adiposity, as observed in our and previous 

Figure 3. Association of log-CRP with incident type 2 diabetes in the total population. HR = hazard ratio per 
standard deviation increase in the 10 log transformed CRP concentration. Model 1 was adjusted for ethnicity, 
age and sex; model 2 additionally for smoking and physical activity; model 3 additionally for BMI and waist 
circumference.

Figure 4. Ethnic differences in T2D incidence. T2D incidence in ethnic minorities was compared to T2D 
incidence in Dutch (reference). HR = hazard ratio, 95% CI = 95% confidence interval. (a) The fully adjusted 
model was adjusted for sex, age, smoking and physical activity. (b) The model was adjusted for sex, age, 
smoking, physical activity and additionally for adiposity levels, which included BMI and waist circumference.
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studies, may be related to the inflammatory response in which oxidative stress, ectopic lipid deposition, lipotoxic-
ity and glucotoxicity are key factors underlying insulin resistance and loss of β-cell function3,6,30.

Conclusion
This study aimed to clarify whether the increased risk for T2D among ethnic minorities could be explained by 
low-grade inflammation, as reflected by CRP. We showed that, although CRP levels are higher among ethnic 
minorities compared to Dutch, and CRP is consistently associated with T2D across ethnic groups, only a very 
small part of the increased risk for T2D is explained by CRP. Most of the increased risk for T2D among ethnic 
minorities explained by CRP are attenuated when adiposity levels are taken into account. We, therefore, conclude 
that reduction of low-grade inflammation among ethnic minorities may have limited effects in reducing the 
increased risk for T2D among ethnic minorities.

Ethical approval. All procedures performed in studies involving human participants were in accordance 
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Data availability
The HELIUS data are owned by the Academic Medical Center (AMC) in Amsterdam, The Netherlands. Any 
researcher can request the data by submitting a proposal to the HELIUS Executive Board as outlined at http://
www.heliusstudy.nl/en/researchers/collaboration.

Received: 13 March 2019; Accepted: 29 November 2019;
Published: xx xx xxxx

References
 1. Tillin, T. et al. Insulin Resistance and Truncal Obesity as Important Determinants of the Greater Incidence of Diabetes in Indian 

Asians and African Caribbeans Compared With Europeans. Diabetes Care 36, 383 (2013).
 2. Snijder, M. B. et al. Case Finding and Medical Treatment of Type 2 Diabetes among Different Ethnic Minority Groups: The HELIUS 

Study. Journal of diabetes research 2017, 9896849, https://doi.org/10.1155/2017/9896849 (2017).
 3. Prattichizzo, F. et al. Inflammageing and metaflammation: The yin and yang of type 2 diabetes. Ageing Research Reviews 41, 1–17, 

https://doi.org/10.1016/j.arr.2017.10.003 (2018).
 4. Pankow, J. S. et al. Familial and genetic determinants of systemic markers of inflammation: the NHLBI family heart study. 

Atherosclerosis 154, 681–689, https://doi.org/10.1016/S0021-9150(00)00586-4 (2001).
 5. Wang, X. et al. Inflammatory Markers and Risk of Type 2 Diabetes: A systematic review and meta-analysis. Diabetes Care 36, 

166–175, https://doi.org/10.2337/dc12-0702 (2013).
 6. van Greevenbroek, M. M., Schalkwijk, C. G. & Stehouwer, C. D. Obesity-associated low-grade inflammation in type 2 diabetes 

mellitus: causes and consequences. The Netherlands journal of medicine 71, 174–187 (2013).
 7. Liu, C. et al. Adiponectin, TNF-α and inflammatory cytokines and risk of type 2 diabetes: A systematic review and meta-analysis. 

Cytokine 86, 100–109, https://doi.org/10.1016/j.cyto.2016.06.028 (2016).
 8. Snijder, M. B. et al. Prospective Relation of C-Reactive Protein With Type 2 Diabetes. Diabetes Care 26, 1656 (2003).
 9. Morimoto, Y. et al. Ethnic differences in serum adipokine and C-reactive protein levels: the multiethnic cohort. International journal 

of obesity (2005) 38, 1416–1422, https://doi.org/10.1038/ijo.2014.25 (2014).
 10. Kelley-Hedgepeth, A. et al. Ethnic Differences in C-Reactive Protein Concentrations. Clinical Chemistry 54, 1027 (2008).
 11. Gupta, M., Brister, S. & Verma, S. Is South Asian ethnicity an independent cardiovascular risk factor? The Canadian journal of 

cardiology 22, 193–197 (2006).
 12. Chandalia, M. et al. Elevated Plasma High-Sensitivity C-Reactive Protein Concentrations in Asian Indians Living in the United 

States. The. Journal of Clinical Endocrinology & Metabolism 88, 3773–3776, https://doi.org/10.1210/jc.2003-030301 (2003).
 13. Gujral, U. P., Pradeepa, R., Weber, M. B., Narayan, K. M. V. & Mohan, V. Type 2 diabetes in South Asians: similarities and differences 

with white Caucasian and other populations. Annals of the New York Academy of Sciences 1281, 51–63, https://doi.
org/10.1111/j.1749-6632.2012.06838.x (2013).

 14. Eriksson, U. K., van Bodegom, D., May, L., Boef, A. G. & Westendorp, R. G. Low C-reactive protein levels in a traditional West-
African population living in a malaria endemic area. PloS one 8, e70076, https://doi.org/10.1371/journal.pone.0070076 (2013).

 15. Ujcic-Voortman, J. K., Baan, C. A., Verhoeff, A. P., Krol, A. & Seidell, J. C. Ethnic differences in systemic inflammation: an 
investigation of C-reactive protein levels among Moroccan, Turkish and Dutch groups in the Netherlands. Atherosclerosis 218, 
511–516, https://doi.org/10.1016/j.atherosclerosis.2011.06.051 (2011).

 16. Forouhi, N. G., Sattar, N. & McKeigue, P. M. Relation of C-reactive protein to body fat distribution and features of the metabolic 
syndrome in Europeans and South Asians. International journal of obesity and related metabolic disorders: journal of the International 
Association for the Study of Obesity 25, 1327–1331, https://doi.org/10.1038/sj.ijo.0801723 (2001).

 17. Chambers, J. C. et al. C-Reactive Protein, Insulin Resistance, Central Obesity, and Coronary Heart Disease Risk in Indian Asians 
From the United Kingdom Compared With European Whites. Circulation 104, 145 (2001).

 18. Stronks, K. et al. Unravelling the impact of ethnicity on health in Europe: the HELIUS study. BMC Public Health 13, 402, https://doi.
org/10.1186/1471-2458-13-402 (2013).

 19. Snijder, M. B. et al. Cohort profile: the Healthy Life in an Urban Setting (HELIUS) study in Amsterdam, The Netherlands. BMJ open 
7, e017873, https://doi.org/10.1136/bmjopen-2017-017873 (2017).

 20. Stronks, K., Kulu-Glasgow, I. & Agyemang, C. The utility of ‘country of birth’ for the classification of ethnic groups in health 
research: the Dutch experience. Ethnicity & health 14, 255–269, https://doi.org/10.1080/13557850802509206 (2009).

 21. Wendel-Vos, G. C., Schuit, A. J., Saris, W. H. & Kromhout, D. Reproducibility and relative validity of the short questionnaire to assess 
health-enhancing physical activity. Journal of clinical epidemiology 56, 1163–1169 (2003).

 22. Fellegi, I. P. & Sunter, A. B. A Theory for Record Linkage. Journal of the American Statistical Association 64, 1183–1210, https://doi.
org/10.1080/01621459.1969.10501049 (1969).

 23. Pearson, T. A. et al. Markers of Inflammation and Cardiovascular Disease. Application to Clinical and Public Health Practice: A 
Statement for Healthcare Professionals From the Centers for Disease Control and Prevention and the American Heart Association 107, 
499–511, https://doi.org/10.1161/01.Cir.0000052939.59093.45 (2003).

 24. Donath, M. Y. & Shoelson, S. E. Type 2 diabetes as an inflammatory disease. Nature Reviews Immunology 11, 98, https://doi.
org/10.1038/nri2925 (2011).

https://doi.org/10.1038/s41598-019-56596-4
http://www.heliusstudy.nl/en/researchers/collaboration
http://www.heliusstudy.nl/en/researchers/collaboration
https://doi.org/10.1155/2017/9896849
https://doi.org/10.1016/j.arr.2017.10.003
https://doi.org/10.1016/S0021-9150(00)00586-4
https://doi.org/10.2337/dc12-0702
https://doi.org/10.1016/j.cyto.2016.06.028
https://doi.org/10.1038/ijo.2014.25
https://doi.org/10.1210/jc.2003-030301
https://doi.org/10.1111/j.1749-6632.2012.06838.x
https://doi.org/10.1111/j.1749-6632.2012.06838.x
https://doi.org/10.1371/journal.pone.0070076
https://doi.org/10.1016/j.atherosclerosis.2011.06.051
https://doi.org/10.1038/sj.ijo.0801723
https://doi.org/10.1186/1471-2458-13-402
https://doi.org/10.1186/1471-2458-13-402
https://doi.org/10.1136/bmjopen-2017-017873
https://doi.org/10.1080/13557850802509206
https://doi.org/10.1080/01621459.1969.10501049
https://doi.org/10.1080/01621459.1969.10501049
https://doi.org/10.1161/01.Cir.0000052939.59093.45
https://doi.org/10.1038/nri2925
https://doi.org/10.1038/nri2925


8Scientific RepoRtS |         (2019) 9:19871  | https://doi.org/10.1038/s41598-019-56596-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

 25. Hof, M. H. & Zwinderman, A. H. Methods for analyzing data from probabilistic linkage strategies based on partially identifying 
variables. Statistics in medicine 31, 4231–4242, https://doi.org/10.1002/sim.5498 (2012).

 26. de Ferranti, S. & Mozaffarian, D. The perfect storm: obesity, adipocyte dysfunction, and metabolic consequences. Clin Chem 54, 
945–955, https://doi.org/10.1373/clinchem.2007.100156 (2008).

 27. Zhang, X. et al. Correlates of high serum C-reactive protein levels in a socioeconomically disadvantaged population. Disease markers 
24, 351–359 (2008).

 28. Flegal, K. M. et al. Comparisons of percentage body fat, body mass index, waist circumference, and waist-stature ratio in adults. The 
American Journal of Clinical Nutrition 89, 500–508, https://doi.org/10.3945/ajcn.2008.26847 (2009).

 29. Kushner, I., Rzewnicki, D. & Samols, D. What does minor elevation of C-reactive protein signify? The American journal of medicine 
119, 166.e117–128, https://doi.org/10.1016/j.amjmed.2005.06.057 (2006).

 30. Piya, M. K., McTernan, P. G. & Kumar, S. Adipokine inflammation and insulin resistance: the role of glucose, lipids and endotoxin. 
Journal of Endocrinology 216, T1–T15, https://doi.org/10.1530/joe-12-0498 (2013).

Acknowledgements
We are most grateful to the participants of the HELIUS study and the management team, research nurses, 
interviewers, research assistants and other staff who have taken part in gathering the data of this study. The 
HELIUS study is conducted by the Academic Medical Center Amsterdam and the Public Health Service of 
Amsterdam. Both organisations provided core support for HELIUS. The HELIUS study is also funded by the 
Dutch Heart Foundation, the Netherlands Organization for Health Research and Development (ZonMw), 
the European Union (FP-7), and the European Fund for the Integration of non-EU immigrants (EIF). M.N. 
is supported by a personal ZONMW-VIDI grant 2013 [016.146.327] and a Dutch Heart Foundation CVON 
IN CONTROL Young Talent Grant 2013. M.M., K.S. and I.G.M.V. were supported by the Health Programme 
2014–2020 from the European Union, grant number 664609 HP-PJ-2014.

Author contributions
M.M., M.N. and I.G.M.V. designed the study. M.M., M.B.S., M.H.P.H., K.S. and I.G.M.V. contributed to data 
collection. M.M. conducted the analyses and drafted the manuscript. M.N., M.B.S., M.H.P.H., K.S. and I.G.M.V. 
reviewed the manuscript. All authors read and approved the final manuscript. M.M. is the guarantor.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-56596-4.
Correspondence and requests for materials should be addressed to M.M.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-56596-4
https://doi.org/10.1002/sim.5498
https://doi.org/10.1373/clinchem.2007.100156
https://doi.org/10.3945/ajcn.2008.26847
https://doi.org/10.1016/j.amjmed.2005.06.057
https://doi.org/10.1530/joe-12-0498
https://doi.org/10.1038/s41598-019-56596-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The high risk for type 2 diabetes among ethnic minority populations is not explained by low-grade inflammation
	Participants and Methods
	Population. 
	Measurements. 
	Incident diabetes. 
	Statistical analyses. 

	Results
	Discussion
	Limitations. 
	Discussion of key findings. 

	Conclusion
	Ethical approval. 

	Acknowledgements
	Figure 1 Distribution of CRP (mg/L) by ethnic group.
	Figure 2 Adjusted differences in log-CRP levels (standardized beta’s) between ethnic minority groups and Dutch (reference).
	Figure 3 Association of log-CRP with incident type 2 diabetes in the total population.
	Figure 4 Ethnic differences in T2D incidence.
	Table 1 Baseline characteristics by ethnic group.




