Cardiovascular Diabetology© The Author(s) 2024
https://doi.org/10.1186/s12933-024-02207-0

Research
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Abstract
Objective
To investigate the contributions of low-grade inflammation measured by C-reactive protein (CRP), hyperglycaemia, and type 2 diabetes to risk of ischemic heart disease (IHD) and cardiovascular disease (CVD) death in the general population, and whether hyperglycaemia and high CRP are causally related.

Research design and methods
Observational and bidirectional, one-sample Mendelian randomization (MR) analyses in 112,815 individuals from the Copenhagen General Population Study and the Copenhagen City Heart Study, and bidirectional, two-sample MR with summary level data from two publicly available consortia, CHARGE and MAGIC.

Results
Observationally, higher plasma CRP was associated with stepwise higher risk of IHD and CVD death, with hazard ratios and 95% confidence intervals (95%CI) of 1.50 (1.38, 1.62) and 2.44 (1.93, 3.10) in individuals with the 20% highest CRP concentrations. The corresponding hazard ratios for elevated plasma glucose were 1.10 (1.02, 1.18) and 1.22 (1.01, 1.49), respectively. Cumulative incidences of IHD and CVD death were 365% and 592% higher, respectively, in individuals with both type 2 diabetes and plasma CRP ≥ 2 mg/L compared to individuals without either. Plasma CRP and glucose were observationally associated (β-coefficient: 0.02 (0.02, 0.03), p = 3 × 10− 20); however, one- and two-sample MR did not support a causal effect of CRP on glucose (−0.04 (−0.12, 0.32) and − 0.03 (−0.13, 0.06)), nor of glucose on CRP (−0.01 (−0.08, 0.07) and − 0.00 (−0.14, 0.13)).

Conclusions
Elevated concentrations of plasma CRP and glucose are predictors of IHD and CVD death in the general population. We found no genetic association between CRP and glucose, or vice versa, suggesting that lowering glucose pharmacologically does not have a direct effect on low-grade inflammation.

Highlights
Hyperglycaemia and low-grade inflammation are both associated with type 2 diabetes and cardiovascular disease (CVD). Causality between plasma C-reactive protein (CRP) and glucose concentrations has not been determined. Clarifying causality might direct opportunities in prevention and treatment of diabetes and CVD.
We investigated whether plasma concentrations of CRP and glucose were causally associated and their associations with risk of ischemic heart disease (IHD) and CVD death.
Elevated plasma CRP and hyperglycaemia were both associated with increased risk of IHD and CVD death.
Plasma CRP and glucose concentrations were not causally associated.
Supplementary Information
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Introduction
Type 2 diabetes, characterized by hyperglycaemia, affects millions of people worldwide and is a major risk factor of cardiovascular disease [1–3]. Chronic low-grade inflammation is a common feature in individuals with type 2 diabetes and is associated with high risk of atherosclerotic cardiovascular disease (CVD) [4–10]. Hyperglycaemia has been shown to associate with increased concentrations of inflammatory markers such as plasma C-reactive protein (CRP) [11–14]. In turn, CRP and other proinflammatory markers have been associated with increased risk of hyperglycaemia and type 2 diabetes, as well as with ischemic heart disease (IHD) and CVD death [4, 15, 16]. Thus, low-grade inflammation has been proposed as a potential mechanism linking type 2 diabetes and cardiovascular disease. However, the extent to which low-grade inflammation and type 2 diabetes, independently and combined, add to the risk of IHD and CVD death is not known. Furthermore, it is not clear whether hyperglycaemia causally contributes to low-grade inflammation, whether low-grade inflammation casually contributes to hyperglycaemia, or both [17–20]. This is important, as ongoing randomized controlled trials of glucose-lowering drugs, i.e. semaglutide, are suggested to lower inflammation [17]. Also, several prospective studies have shown that individuals with higher CRP levels have higher risk of incident type 2 diabetes [21–23], indicating that low-grade inflammation may be a cause of diabetes. Conversely, so far, drugs targeted to lower inflammation has shown no effect on type 2 diabetes incidence [24].
Mendelian randomization (MR) is an epidemiological approach combining genetic information with traditional epidemiological methods to provide less confounded estimates compared to observational associations [25]. MR uses genetic variants strongly associated with a specific phenotype to compare the risk of an outcome in population subgroups stratified by the genotype. Due to the independent segregation of alleles from parents to offspring at conception, the population subgroups by genotype will differ systematically only in terms of the specific phenotype and confounding factors will be largely evenly distributed [25].
We investigated the contributions of type 2 diabetes and CRP ≥ 2 mg/L to the risk of IHD and CVD death and the potential causal relationship between hyperglycaemia and elevated CRP, using (i) observational analyses and bidirectional, one-sample MR analyses in 112,815 individuals from the Copenhagen City Heart Study and the Copenhagen General Population Study, and (ii) bidirectional two-sample MR analyses in up to 165,518 individuals using publicly available data on fasting glucose concentrations from the Meta-Analyses of Glucose and Insulin-related traits Consortium (MAGIC) [26] and on CRP concentrations in 204,402 individuals of European ancestry from the Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE) Inflammation Working Group (CIWG) [27] (Supplementary Fig. 1).

Materials and methods
Study populations
Copenhagen studies
We included 112,815 individuals from the Copenhagen studies: the Copenhagen City Heart Study (CCHS) and the Copenhagen General Population Study (CGPS) for observational, one-sample, and two-sample (as a sensitivity analysis), bidirectional Mendelian randomization analyses. The CCHS and CPGS are both prospective population-based studies approved by the Danish National Committee on Health Research Ethics (approval numbers: H-KF-01-144/01, KF-100.2039/91, KF-01-144/01). Both were conducted according to the Declaration of Helsinki and written informed consent was obtained from all individuals. All individuals were white and of Danish descent and none were included in more than one study [28]. The CCHS was initiated in 1976 to 1978 with follow-up examinations in 1981 to 1983, 1991 to 1994, and 2001 to 2003. Individuals were selected at random from the national Danish Civil Registration System to reflect the Danish general population aged 20 to 100 + years. Linked to Danish health registries the follow-up time is up to 40 years. The CGPS was initiated in 2003 with enrolment until 2015 and ongoing follow-up examinations [4]. Participants in both studies filled in a questionnaire, which was reviewed with an examinator on the day of attendance. They also completed a physical examination and had a blood sample drawn [28]. 3,608 participants were excluded due to missing data on entry measurements of plasma glucose and CRP. Furthermore, 594 participants were excluded as they were registered with type 1 diabetes, resulting in a total of 4,202 individuals being excluded, corresponding to 3.5% of the cohort.

MAGIC and CHARGE CIWG consortia
Publicly available summary data for the selected genotypes were included for two-sample, bidirectional Mendelian randomization analyses. Beta-coefficients for fasting glucose concentrations from 165,518 to 200,392 individuals without diabetes and of European ancestry were used from the Meta-Analyses of Glucose and Insulin-related traits Consortium (MAGIC) [29]. Beta-coefficients for CRP concentrations in 204,402 individuals of European ancestry were used from the Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE) Inflammation Working Group (CIWG) [27]. The MAGIC and CHARGE CIWG had partially overlapping sets of participants, accounting for up to 80% of the MAGIC participants and up to 65% of the CHARGE CIWG participants. Detailed information regarding overlapping participants is shown in Supplementary Table 1.


Genotypes
A targeted selection approach of genetic variants was chosen to reduce the risk of pleiotropy [30, 31]. Six genetic variants with well-established associations with high glucose and HbA1c concentrations in genome wide association studies were selected as genetic instruments (rs560887, rs2191349, rs4607517, rs7903146, rs10811661, and rs11708067) [28, 32, 33]. The variants were selected as they represent independent loci showing strong associations between the genotype and glycemia and in genes known to be involved in glucose metabolism (Supplementary Table 2). The variants were not in linkage disequilibrium (R2 = 0.004). Three genetic variants known to be associated with CRP in genome wide association studies were selected as genetic instruments (rs1205, rs3093077, and rs1130864) [4, 15, 34]. Theses variants are located in the CRP gene and were not in linkage disequilibrium (R2 < 0.2) Detailed information regarding the genetic instruments are shown in Supplementary Table 3. Information regarding linkage disequilibrium was retrieved from the web-based application LD-link [35]. In the Copenhagen studies, the variants were genotyped using an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems Inc., Foster City, CA) and TaqMan-based assays. Large-scale sequencing (genotype arrays) in all individuals have not been performed in the Copenhagen studies.
Genetic variants for CRP and glucose were each combined into a weighted allele score, weighted by effect size on phenotype, i.e. plasma CRP and glucose, and allele frequency in the CCHS and CGPS combined. Only individuals with genotypes available for all variants of either CRP or glucose were included in genetic analyses, resulting in 105,759 individuals with a weighted allele score for CRP and 106,458 individuals with a weighted allele score for glucose (Supplementary Table 4).

C-reactive protein, glucose, and covariates
Blood samples were taken non-fasting and were measured fresh using standard hospital assays. Plasma CRP concentrations were measured using high sensitivity turbidimetry while plasma glucose, triglycerides, and high- and low-density lipoprotein cholesterol were measured by colorimetric assays. Blood samples were taken at random irrespective of time since and content of the last meal. Body mass index (BMI) was calculated by measured weight in kilograms divided by measured height in meters squared. Blood pressure was measured with automated equipment. Information on alcohol consumption in units per week, smoking, physical activity, and use of lipid-lowering medication were self-reported. Smoked pack-years were calculated as accumulated time of tobacco smoking and consumed tobacco per day in current and former smokers. Physical activity was categorized as low, medium, and high activity during work and leisure time.

Type 2 diabetes, ischemic heart disease, and cardiovascular death
Diagnoses of type 2 diabetes, ischemic heart disease (IHD) and cardiovascular disease death (CVD death) were as defined by the World Health Organization (WHO) International Classification of Disease (ICD)-10 and 8 codes (Supplementary Table 5). All diagnoses in the national Danish Patient Registry and the national Danish Cause of Death Registry are recorded by physicians in compliance with national laws. We did not lose track of any individual, as all individuals living in Denmark have a Danish Civil Registration System number, which is 100% complete including death and emigration.

Statistical analyses
We used Stata SE 17.0 for Windows (StataCorp). Deviation from Hardy-Weinberg equilibrium was investigated using chi-square tests. Test for trend across ordered weighted allele score categories for plasma CRP and glucose were by the non-parametric Cuzick’s extension of a Wilcoxon rank sum test. The population distribution of plasma CRP by diabetes-status and the population distribution of plasma glucose by CRP concentrations  <  or ≥ 2  mg/L were plotted using the kdensity function in Stata. To compare medians of plasma CRP and glucose between groups we used the non-parametric equality-of-medians test. CRP concentrations were not normally distributed and therefore log-transformed before incorporated into the regression models. The observational association between CRP and glucose was investigated using linear regression adjusted for age, sex, BMI, alcohol consumption, smoking status, physical activity, blood pressure, low-density lipoprotein cholesterol, triglycerides, and lipid-lowering medication and was graphically displayed using kernel-weighted local polynomial smoothing and geometric means with 95% confidence intervals. The same analyses were also performed stratified by sex and age.
Multivariable Cox proportional hazards regression models were used to estimate hazard ratios for the associations of plasma CRP and glucose concentrations with risk of IHD and CVD death. Graphs were truncated at glucose concentrations of 2.5 mmol/L (45 mg/dL) and individuals with lower concentrations were excluded from the Cox regression analyses because of a low number of individuals. The group with plasma glucose between 4.7 mmol/L (85 mg/dL) and 5.0 mmol/L (90 mg/dL) was used as reference group due to the normal physiological concentrations [36]. The models were adjusted for age, sex, BMI, alcohol consumption, smoking status, physical activity, blood pressure, low-density lipoprotein cholesterol, triglycerides, and lipid-lowering therapy.
The cumulative incidence of type 2 diabetes, IHD and CVD death as a function of age was plotted using a Kaplan-Meier estimator approach comparing the population divided into groups. The groups were categorized by diabetes-status (type 2 diabetes or no type 2 diabetes) and plasma CRP concentrations (CRP < 2 mg/L or CRP ≥ 2mg/L). Log-rank tests were used to test for differences between groups. Cumulative incidence of CVD death was also estimated using competing risk regression based on Fine and Gray proportional sub-hazards model [37] accounting for the possibility of death from other cause as a competing event (Supplementary Fig. 2).
We next tested whether the selected genetic variants and the weighted allele score were associated with plasma CRP and glucose concentrations in the Copenhagen studies and used instrumental variable analysis with two-stage least-squares regression in bidirectional one-sample Mendelian randomization analysis to study the causal association between plasma CRP and plasma glucose, and vice versa, using the ivreg2 command. The strength of the genetic instrument (i.e. the association between weighted allele scores and glucose concentrations) was confirmed by F statistics in the first-stage regression [25, 38]. Estimates were reported as average difference per 1 mg/dL higher CPR and 1 mmol/L (18 mg/dL) higher glucose concentration, respectively. The genetic analyses were not adjusted for any covariates as the allele scores are largely unconfounded. For independent confirmation, we also performed bidirectional two-sample Mendelian randomization analyses with publicly available data from the MAGIC and CHARGE consortia, using the same genetic variants for plasma CRP and glucose as in the one-sample analyses in the Copenhagen studies. The beta-coefficients for instrumented CRP and instrumented glucose, respectively, were combined using instrumental variable analyses with inverse variance weighted (IVW) regression. Sensitivity analyses accounting for direct pleiotropic effects (MR Egger) and for up to 50% of information coming from invalid or weak instruments (weighted median) were also performed using the publicly available, user-written mrmedian and mregger commands [39, 40]. Heterogeneity was tested for using Cochran’s Q test and reported as I2, where an I2 between 0 and 40% is considered low, between 40 and 60% as moderate and above 60% as high [41].


Results
Baseline characteristics for all individuals, and for individuals with and without type 2 diabetes are shown in Supplementary Table 6. Individuals with type 2 diabetes were older, more often women, had a higher BMI, and were more likely to be physically inactive compared to individuals without type 2 diabetes.
Observational associations between plasma glucose and C-reactive protein
Figure 1 shows the population distribution of plasma CRP in individuals with and without type 2 diabetes (a.), the population distribution of plasma glucose in individuals with plasma CRP < or ≥ 2 mg/L (b.), the multivariable adjusted correlation of plasma glucose as a function of plasma CRP (c.) and the cumulative incidence of type 2 diabetes stratified by plasma CRP < or ≥ 2 mg/L (d.). Median plasma CRP was 2.1 mg/L in individuals with type 2 diabetes and 1.4 mg/L in individuals without diabetes (p = 7 × 10− 264) (a.). Median plasma glucose was 5.1 mmol/L (92 mg/dL) in individuals with a plasma CRP < 2 mg/L and 5.3 mmol/L (95 mg/dL) in individuals with a plasma CRP ≥ 2 mg/L (p = 6 × 10− 146) (b.). In the multivariable adjusted model, there was a linear relationship between higher plasma CRP and higher plasma glucose (p = 3 × 10− 20) (c.). The cumulative incidence of type 2 diabetes stratified by plasma CRP showed a gradually increasing risk of type 2 diabetes from age 40 in individuals with CRP ≥ 2 mg/L compared to CRP < 2 mg/L (d.).
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Fig. 1Interrelationships between plasma C-reactive protein, plasma glucose, and diabetes in 110,746 individuals in the Copenhagen studies. (a) Population distribution of plasma C-reactive protein (CRP) in individuals with (red line) and without (green line) type 2 diabetes. (b) Population distribution of plasma glucose in individuals with a plasma CRP < 2 mg/L (green line) or a CRP ≥ 2 mg/L (red line). (c) Correlation between plasma CRP (blue line) and glucose concentration, adjusted for age, sex, body mass index, alcohol consumption, smoking status, physical activity, blood pressure, low-density cholesterol, triglycerides, and lipid-lowering therapy and displayed using kernel-weighted local polynomial smoothing and geometric means with 95% confidence intervals (grey area). (d) Cumulative incidence of type 2 diabetes as a function of age. The population was divided into two groups: CRP < 2 mg/L (blue line) and CRP ≥ 2 mg/L (red line). 1 mmol/L of glucose is equivalent to 18 mg/dL


For both plasma CRP and glucose, there was a linear association with higher age. Stratifying the analyses for sex showed higher plasma CRP with increasing plasma glucose concentrations in men compared to women (Supplementary Fig. 3).

Risk of ischemic heart disease and cardiovascular death
Figure 2 shows the prospective risk of IHD and CVD death as a function of higher CRP (a.) and glucose (b.) concentrations in quintiles. There was a stepwise increase in risk of IHD with hazard ratios (HR) in the 3rd-5th CRP quintiles from 1.11 (95% confidence interval: 1.02, 1.21) to 1.50 (1.38, 1.62) compared to the lowest quintile. Similarly, there was a stepwise increase in risk of CVD death with HR in the 3rd-5th CRP quintiles from 1.43 (1.12, 1.83) to 2.44 (1.93, 3.10). Overall risk of IHD and CVD death increased with increasing plasma CRP concentrations (p for trend = 1 × 10− 22 and 7 × 10− 14).
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Fig. 2Mean plasma concentrations of C-reactive protein and glucose and hazard ratios (HRs) for ischemic heart disease (IHD) and cardiovascular disease (CVD) death in 112,815 individuals in the Copenhagen studies. Plasma C-reactive protein concentrations (a.) and plasma glucose concentrations (b.) are shown in quintiles. Individuals with a plasma glucose concentration below 2.5 mmol/L (45 mg/dL) were excluded. Risk estimates by Cox regression analyses were adjusted for age, sex, body mass index, alcohol consumption, smoking status, physical activity, blood pressure, low-density cholesterol, triglycerides, and lipid-lowering therapy. 1 mmol/L of glucose is equivalent to 18 mg/dL. SD = standard deviation, CI = confidence interval


In contrast, only a minor stepwise increased risk of IHD and CVD death was seen for the 3rd-5th glucose quintiles (p for trend = 0.02 and 0.04) with only individuals in the 5th glucose quintile being at increased risk of IHD and CVD death with HRs of 1.10 (1.02,1.18) and 1.22 (1.01,1.49).
Figure 3 shows the cumulative incidence of IHD (a.) and CVD death (b.) as a function of age and according to type 2 diabetes and low-grade inflammation status (CRP < or ≥ 2 mg/L). The cumulative incidence of IHD and CVD death increased stepwise from individuals with no type 2 diabetes and CRP < 2 mg/L, through individuals with no type 2 diabetes and a CRP ≥ 2 mg/L, individuals with type 2 diabetes and a CRP < 2 mg/L, and to individuals with both type 2 diabetes and a CRP ≥ 2 mg/L (p for trend = 2 × 10− 56 and 2 × 10− 20). At age 60 years, the lowest and highest risk (no type 2 diabetes and a CRP < 2 mg/L and both type 2 diabetes and a CRP ≥ 2 mg/L) categories had cumulative incidences of 5.2% and 19.0% for IHD, respectively, equivalent to a 365% increase in risk of IHD. At age 80, the corresponding lowest and highest risk factor scoring groups had cumulative incidences of 1.4% and 8.3% for CVD death, respectively, equivalent to a 592% increase in risk of CVD death.
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Fig. 3Cumulative incidence of ischemic heart disease and cardiovascular disease death in 112,815 individuals in the Copenhagen studies. Cumulative incidence of ischemic heart disease (IHD; a.) and cardiovascular disease death (CVD death; b.) as a function of age and plotted as a Kaplan-Meier estimator. The population was divided into four categories: no type 2 diabetes (T2D) and C-reactive protein (CRP) < 2 mg/L (blue line); no T2D and CRP ≥ 2 mg/L (red line); T2D and CRP < 2 mg/L (green line); and T2D and CRP ≥ 2 mg/L (yellow line). Log-rank tests were used to examine for differences among ordered categories



Genetic associations between plasma glucose and C-reactive protein
Figure 4a shows plasma CRP and glucose concentrations as a function of the genetic CRP and glucose allele scores on a continuous scale. The selected genetic variants for CRP and glucose were as weighted allele scores associated with respectively continuously higher plasma CRP and continuously higher glucose concentrations. The beta-coefficient of the regression of plasma CRP on CRP alleles was 2.92 (p = 4.1 × 10− 75) and the regression of plasma glucose on glucose alleles was 0.97 (p = 8.3 × 10− 102). The genetic CRP score explained 0.3% of the variation in plasma CRP in the population with an F-value = 445 (F > 10 indicates sufficient strength to ensure statistical reliability of the instrumental variable estimates [38, 40]). The genetic glucose score explained 0.4% of the variation in plasma glucose in the population with an F-value = 1,255.
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Fig. 4Genetic Mendelian randomization analyses in the Copenhagen studies and in CHARGE and MAGIC consortia. (a)  Plasma C-reactive protein (CRP) and glucose concentrations as a function of, respectively, the weighted CRP and the glucose allele scores as continuous variables. The weighted CRP allele score was generated using the genetic variants rs1205, rs1130864, and rs3093077, located in the CRP gene. The weighted glucose allele score was generated using the genetic variants rs560887, rs2191349, rs4607517, rs7903146, rs10811661, and rs11708067. (b) Observational and Mendelian randomization analyses of the effect of a 1 mg/L higher plasma CRP on plasma glucose, or the effect of a 1 mmol/L (18 mg/dL) higher glucose on CRP. Observational results were obtained using multifactorially adjusted linear regressions and with 95% confidence intervals. Instrumental variable analyses with two-stage least-squares regression were used in one-sample Mendelian randomization. Inverse-variance weighted analyses were performed with publicly available data from the CHARGE and MAGIC consortia in two-sample Mendelian randomization. 1 mmol/L of glucose is equivalent to 18 mg/dL. CI = confidence interval, CCHS = Copenhagen City Heart Study, CGPS = Copenhagen General Population Study, CHARGE = The Cohorts for Heart and Aging Research in Genomic Epidemiology, MAGIC = the Meta-Analyses of Glucose and Insulin-related traits Consortium


Importantly, the CRP allele score did not associate with plasma glucose concentration (p = 0.34) and the glucose allele score did not associate with plasma CRP concentration (p = 0.27). The associations were also estimated with the mean plasma CRP and glucose concentrations as a function of the genetic CRP and glucose allele scores divided into quintiles showing similar results (Supplementary Fig. 4).

Observational versus genetic analyses
Figure 4b shows the observational analyses, where a 1 mg/L higher plasma CRP level was associated with a 0.02 mmol/L (0.02, 0.03) (0.36 mg/dL) higher plasma glucose(p = 3 × 10− 20). A 1 mmol/L (18 mg/dL) higher plasma glucose level was associated with 0.04 mg/L (0.03, 0.05) higher plasma CRP(p = 3 × 10− 20). In the one-sample Mendelian randomization analyses, a 1 mg/L genetically determined higher plasma CRP level was not associated with plasma glucose (p = 0.27) and a 1 mmol/L (18 mg/dL) genetically determined higher plasma glucose level was not associated with plasma CRP (p = 0.88). Similarly, in the two-sample Mendelian randomization analyses, a 1 mg/L genetically determined higher plasma CRP concentration was not associated with plasma glucose (p = 0.47). A 1 mmol/L (18 mg/dL) genetically determined higher plasma glucose level was not associated with plasma CRP (p = 0.09). MR Egger and weighted median regressions showed similar results, with no indication of pleiotropy or heterogeneity (Supplementary Table 7) and two-sample MR within the Copenhagen studies showed similar results, also with no indication of pleiotropy or heterogeneity (Supplementary Table 8).


Discussion
In this general population cohort, we found an observational association between elevated plasma C-reactive protein and glucose. We also found that CRP ≥ 2 mg/L associates with increased risk of type 2 diabetes, and that CRP ≥ 2 mg/L and type 2 diabetes, individually and jointly, contribute to stepwise higher risk of ischemic heart disease and cardiovascular death. However, bidirectional one- and two-sample genetic Mendelian randomization analyses did not support causality between CRP and glucose, indicating that inflammation and type 2 diabetes are correlated but independent risk factors of cardiovascular disease and death. These genetic findings are novel.
Several other studies have investigated the relationship between inflammatory markers such as CRP and IL-6, and glycaemic traits and type 2 diabetes using MR, however, the results are inconsistent [17, 20, 42–48]. A two-sample MR study investigated the genetic associations between type 2 diabetes, glycaemic traits, and CRP using 15 genetic variants associated with CRP, with 6 variants located in the CRP gene, and found a potential causal effect of CRP on risk of type 2 diabetes [42]. A smaller one-sample MR study found no causal effect of CRP on hyperglycaemia or insulin resistance, as measured by HbA1c and HOMA-IR [47]. The authors pointed to upstream inflammatory effectors as possible causal mediators as they observed a clear association between CRP and incident type 2 diabetes, but no indication of causality.
The effects of anti-inflammatory drugs on plasma glucose concentrations and the effects of glucose-lowering drugs on inflammatory markers have also been investigated. A recent exploratory analysis of four different phase 3 trials from the clinical development programs of both subcutaneous and oral semaglutide [17], a glucagon like peptide-1 receptor agonist, showed that semaglutide reduced CRP compared to comparator drugs in individuals with type 2 diabetes. In mediation analyses, the reduction was partially attributed to improved glycaemic control, which is not supported by our findings, and weight loss. The authors also suggested a direct effect of semaglutide on CRP. A randomized controlled trial(RCT) tested the effect of long-term anti-inflammatory treatment with low-dose aspirin and found no effect on risk of type 2 diabetes in women [49]. Another RCT tested the potential effects of canakinumab, an anti-inflammatory drug targeting interleukin-1β proven to prevent cardiovascular events, on fasting plasma glucose, HbA1c, and risk of type 2 diabetes in individuals with prediabetes, previous myocardial infarction, and CRP > 2 mg/L [50]. The trial found an increased risk of type 2 diabetes with higher concentrations of CRP and IL-6. Canakinumab treatment reduced CRP and IL-6 concentrations, however, there was no effect on HbA1c or risk of new-onset type 2 diabetes, supporting that low-grade inflammation is not causal for type 2 diabetes and that this treatment will not have effect on type 2 diabetes. Post hoc analyses from the same trial found that treatment with canakinumab reduced cardiovascular risk to a similar extent in patients with and without type 2 diabetes [24]. The implications of these findings are that reducing inflammation with drugs targeting inflammation, such as canakinumab may reduce risk of cardiovascular disease but not type 2 diabetes mellitus.
An observational study recently found an increased risk of vascular mortality in patients with type 2 diabetes and with CRP concentrations of 3.2–10 mg/L [16]. In the present study, we found increased risk of CVD death from mean plasma CRP concentrations above 1.4 mg/L, regardless of diabetes status (Fig. 2). The cumulative incidence of CVD death at age 80 years was comparable in individuals with a CRP ≥ 2 mg/L or with type 2 diabetes (3.7% or 4.0%, respectively). If both risk factors were present the cumulative incidence of CVD death was more than doubled(8.3%).
Strengths and limitations
The strengths of the present study include the comprehensive observational and bidirectional, one- and two-sample MR design. Investigating the risk of IHD and CVD death with a long follow-up period and potential bidirectional causality in the same cohort as well as with a two-sample design using publicly available summary data from two consortia, strengthens the results and reduces risk of confounding and pleiotropy. Furthermore, due to the updated Danish registries, no individuals were lost during follow-up and all deaths are confirmed.
Potential limitations to the MR analyses include population stratification, weak instrument bias and potential pleiotropic effects [51, 52]. Our cohorts were ethnically homogenous, all individuals being white and of Danish descent in the Copenhagen studies and mainly of European decent in the MAGIC and CHARGE, hereby reducing population stratification bias. However, due to the homogenous study population, our results may not necessarily apply to other ethnicities. There was a considerable overlap between the datasets (MAGIC and CHARGE) used for the two-sample MR analyses, which may bias the estimates in the direction of the observational estimates (and in the same direction any potential bias in the one-sample MR analyses) [53]. However, the F statistic indicated sufficient strength of both genetic instruments in one-sample analyses, and the risk of a biased null finding due to overlapping samples in the two-sample analyses is low. MR Egger analyses did not indicate pleiotropy and Cochran’s Q test suggested low heterogeneity. Plasma glucose is in the Copenhagen Studies measured in the non-fasting state. However, the association between genetic glucose variants and plasma glucose concentrations were similar for the Copenhagen Studies and in MAGIC using fasting glucose (Supplementary Tables 7 and 8), and a similar stepwise effect is seen using haemoglobin A1c [54].
In conclusion, in this observational and bidirectional one- and two-sample Mendelian randomization study, we found that elevated concentrations of plasma CRP and glucose are predictors of IHD and CVD death in the general population. We found no genetic association between CRP and glucose, or vice versa, suggesting that lowering glucose pharmacologically does not have a direct effect on low-grade inflammation.


Acknowledgements
We thank the participants and staff of the Copenhagen City Heart Study and the Copenhagen General Population Study for their generous contributions. We also thank the participants in the MAGIC and CHARGE studies, and the investigators for making their data publicly available.

Author contributions
FE, BGN, and MB collected the data. MR and FE has analyzed the data and performed the statistical analyses. MR was a major contributor in writing the manuscript, which was revised by FE, BGN, and MB. All authors had access to the data and read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.
Open access funding provided by Copenhagen University

Data availability
Aggregated data from the Copenhagen City Heart Study and the Copenhagen General Population Study may be available on reasonable request to the corresponding author. Summary level data from the MAGIC and CHARGE consortia are publicly available.

Declarations
Ethical approval
Studies were approved by the Danish National Committee on Health Research Ethics (approval numbers: H-KF-01-144/01, KF-100.2039/91, KF-01-144/01).

Conflict of interest
Monica Gylling Rolver is part-time employed by Novo Nordisk Denmark as a student assistant. Other authors report no conflict of interest related to the present study.


References
	1.
Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, et al. Pathophysiology of type 2 diabetes Mellitus. Int J Mol Sci. 2020;21(6275):1–34.


	2.
Webber S. International Diabetes Federation. Diabetes Res Clin Pract. 2021;102(2):147–8.


	3.
Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of pathogenesis and therapy. Lancet. 2005;365:1333–46.CrossrefPubMed


	4.
Zacho J, Tybjærg-Hansen A, Jensen JS, Grande P, Sillesen H, Nordestgaard BG. Genetically Elevated C-Reactive Protein and Ischemic Vascular Disease. N Engl J Med [Internet]. 2008;359(18):1897–908. Available from: http://​www.​nejm.​org/​doi/​abs/​https://​doi.​org/​10.​1056/​NEJMoa0707402.


	5.
Cushman M, Arnold AM, Psaty BM, Manolio TA, Kuller LH, Burke GL, et al. C-reactive protein and the 10-year incidence of coronary heart disease in older men and women: the cardiovascular health study. Circulation. 2005;112(1):25–31.CrossrefPubMed


	6.
Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin, and the risk of cardiovascular disease in apparently healthy men. N Engl J Med [Internet]. 1997;336(14):973–9. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​9077376.


	7.
Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of inflammation in the prediciton of cardiovascular disease in women. N Engl J Med. 2000;342:836–43.CrossrefPubMed


	8.
Hu FB, Meigs JB, Li TY, Rifai N, Manson JE. Inflammatory markers and risk of developing type 2 diabetes in women. Diabetes [Internet]. 2004;53(3):693–700. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​14988254.


	9.
Li Y, Zhong X, Cheng G, Zhao C, Zhang L, Hong Y et al. Hs-CRP and all-cause, cardiovascular, and cancer mortality risk: A meta-analysis. Atherosclerosis [Internet]. 2017;259:75–82. https://​doi.​org/​10.​1016/​j.​atherosclerosis.​2017.​02.​003.


	10.
Eiriksdottir G, Harris TB, Launer LJ, Gudnason V, Folsom AR, Andrews G, et al. Association between C reactive protein and coronary heart disease: mendelian randomisation analysis based on individual participant data. BMJ. 2011;342(7794):425.


	11.
Laaksonen DE, Salonen R. C-reactive protein and the development of the metabolic syndrome and diabetes in middle-aged men. Diabetologia. 2004;47:1403–10.CrossrefPubMed


	12.
Hajer GR, Van Haeften TW, Visseren FLJ. Adipose tissue dysfunction in obesity, diabetes, and vascular diseases. Eur Heart J. 2008;29(24):2959–71.CrossrefPubMed


	13.
De Rekeneire N, Peila R, Ding J, Colbert LH, Visser M, Shorr RI et al. Diabetes, Hyperglycemia, and Inflammation in Older Individuals Aging and Body Composition study From the. Diabetes Care [Internet]. 2006;29(8):1902–8. Available from: http://​diabetesjournals​.​org/​care/​article-pdf/​29/​8/​1902/​593675/​zdc00806001902.​pdf.


	14.
Yeung SLA, Luo S, Schooling CM. The impact of glycated hemoglobin (HbA1c) on cardiovascular disease risk: a mendelian randomization study using UK Biobank. Diabetes Care. 2018;41(9):1991–7.Crossref


	15.
Allin KH, Nordestgaard BG, Zacho J, Tybjærg-hansen A, Bojesen SE. C-Reactive protein and the risk of Cancer: a mendelian randomization study. J Natl Cancer Inst. 2010;102(3):202–6.CrossrefPubMed


	16.
Sharif S, Van der Graaf Y, Cramer MJ, Kapelle LJ, de Borst GJ, Visseren FLJ, et al. Low-grade inflammation as a risk factor for cardiovascular events and all-cause mortality in patients with type 2 diabetes. Cardiovasc Diabetol. 2021;20(220):1–8.


	17.
Mosenzon O, Capehorn MS, De Remigis A, Rasmussen S, Weimers P, Rosenstock J. Impact of semaglutide on high-sensitivity C-reactive protein: exploratory patient-level analyses of SUSTAIN and PIONEER randomized clinical trials. Cardiovasc Diabetol [Internet]. 2022;21(1):172. https://​doi.​org/​10.​1186/​s12933-022-01585-7.


	18.
Ridker PM, Danielson E, Fonseca FAH, Genest J, Gotto AM, Kastelein JJP, et al. Rosuvastatin to prevent vascular events in men and women with elevated C-Reactive protein. N Engl J Med [Internet]. 2008;359(21):2195–207. Available from: www.nejm.org.CrossrefPubMed


	19.
Pradhan AD, Cook NR, Buring JE, Manson JE, Ridker PM. C-Reactive protein is independently Associated with Fasting insulin in nondiabetic women. Arterioscler Thromb Vasc Biol. 2003;23:650–5.CrossrefPubMed


	20.
Cheng L, Zhuang H, Yang S, Jiang H, Wang S, Zhang J. Exposing the causal effect of C-Reactive protein on the risk of type 2 diabetes Mellitus: a mendelian randomization study. Front Genet. 2018;9:657.CrossrefPubMedPubMedCentral


	21.
Yang X, Tao S, Peng J, Zhao J, Li S, Wu N et al. High-sensitivity C-reactive protein and risk of type 2 diabetes: a nationwide cohort study and updated meta-analysis. Diabetes Metab Res Rev. 2021;37(8).


	22.
Lee CC, Adler AI, Sandhu MS, Sharp SJ, Forouhi NG, Erqou S, et al. Association of C-reactive protein with type 2 diabetes: prospective analysis and meta-analysis. Diabetologia. 2009;52(6):1040–7.CrossrefPubMed


	23.
Tong KI, Hopstock LA, Cook S. Association of C-reactive protein with future development of diabetes: a population-based 7-year cohort study among Norwegian adults aged 30 and older in the Tromsø Study 2007–2016. BMJ Open. 2023;13(9).


	24.
Everett BM, Donath MY, Pradhan AD, Thuren T, Pais P, Nicolau JC, et al. Anti-inflammatory therapy with Canakinumab for the Prevention and Management of Diabetes. J Am Coll Cardiol. 2018;71(21):2392–401.CrossrefPubMed


	25.
Lawlor DA, Harbord RM, Sterne JAC, Timpson N, Davey Smith G. Mendelian randomization: Using genes as instruments for making causal inferences in epidemiology. Stat Med [Internet]. 2008;27(8):1133–63. Available from: https://​onlinelibrary.​wiley.​com/​doi/​10.​1002/​sim.​3034.


	26.
Chen J, Spracklen CN, Marenne G, Varshney A, Corbin LJ, Luan J et al. The trans-ancestral genomic architecture of glycemic traits. Nat Genet [Internet]. 2021;53(6):840–60. Available from: http://​www.​nature.​com/​articles/​s41588-021-00852-9.


	27.
Ligthart S, Vaez A, Võsa U, Stathopoulou MG, de Vries PS, Prins BP, et al. Genome Analyses of >200,000 Individuals Identify 58 Loci for Chronic Inflammation and Highlight Pathways that Link Inflammation and Complex Disorders. Am J Hum Genet [Internet]. 2018 Nov;103(5):691?706. Available from: https://​linkinghub.​elsevier.​com/​retrieve/​pii/​S000292971830320​3.


	28.
Benn M, Tybjaerg-Hansen A, McCarthy M, Jensen G, Grande P, Nordestgaard B. Nonfasting glucose, ischemic heart Disease, and myocardial infarction. J Am Coll Cardiol. 2012;59(25):2356–65.CrossrefPubMedPubMedCentral


	29.
Chen J, Spracklen CN, Marenne G, Varshney A, Corbin LJ, Luan J, et al. The trans-ancestral genomic architecture of glycemic traits. Nat Genet. 2021;53(6):840–60.CrossrefPubMedPubMedCentral


	30.
Benn M, Nordestgaard BG. From genome-wide association studies to mendelian randomization: novel opportunities for understanding cardiovascular disease causality, pathogenesis, prevention, and treatment. Cardiovasc Res. 2018;114(9):1192–208.PubMed


	31.
Swerdlow DI, Kuchenbaecker KB, Shah S, Sofat R, Holmes MV, White J, et al. Selecting instruments for mendelian randomization in the wake of genome-wide association studies. Int J Epidemiol. 2016;45(5):1600–16.CrossrefPubMedPubMedCentral


	32.
Florez JC, Jablonski KA, Bayley N, Pollin TI, de Bakker PIW, Shuldiner AR, et al. TCF7L2 polymorphisms and progression to Siabetes in the diabetes Prevention Program. N Engl J Med. 2006;355(3):241–50.CrossrefPubMedPubMedCentral


	33.
Hribal ML, Presta I, Procopio T, Marini MA. Glucose tolerance, insulin sensitivity and insulin release in European non-diabetic carriers of a polymorphism upstream of CDKN2A and CDKN2B. Diabetologia. 2011;54:795–802.CrossrefPubMed


	34.
Kathiresan S, Larson MG, Vasan RS, Guo C, Gona P, Keaney JF, et al. Contribution of clinical correlates and 13 C-Reactive Protein Gene Polymorphisms to interindividual variability in serum C-Reactive protein level. Circulation. 2006;113:1415–23.CrossrefPubMed


	35.
Machiela MJ, Chanock SJ. LDlink: a web-based application for exploring population-specific haplotype structure and linking correlated alleles of possible functional variants. Bioinformatics. 2015;31(21):3555–7.CrossrefPubMedPubMedCentral


	36.
Global Health Observatory. Mean fasting blood glucose. World Heal Organ [Internet]. 2021;125–7. Available from: https://​www.​who.​int/​data/​gho/​indicator-metadata-registry/​imr-details/​2380.


	37.
Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a competing risk. J Am Stat Assoc. 1999;94(446):496–509.Crossref


	38.
Burgess S, Thompson SG. Avoiding bias from weak instruments in mendelian randomization studies. Int J Epidemiol. 2011;40(3):755–64.CrossrefPubMed


	39.
Bowden J, Smith GD, Burgess S. Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression. Int J Epidemiol [Internet]. 2015 [cited 2017 Sep 15];512–25. Available from: https://​academic.​oup.​com/​ije/​article-abstract/​44/​2/​512/​754653/​Mendelian-randomization-with-invalid-instruments.


	40.
Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in mendelian randomization with some Invalid instruments using a weighted median estimator. Genet Epidemiol. 2016;40(4):304–14.CrossrefPubMedPubMedCentral


	41.
Higgins JPT. Measuring inconsistency in meta-analyses. BMJ [Internet]. 2003;327(7414):557–60. Available from: http://​link.​springer.​com/​10.​1007/​s10844-006-2974-4.


	42.
Noordam R, Oudt CH, Bos MM, Smit RAJ, van Heemst D. High-sensitivity C-reactive protein, low-grade systemic inflammation and type 2 diabetes mellitus: A two-sample Mendelian randomization study. Nutr Metab Cardiovasc Dis [Internet]. 2018;28(8):795–802. https://​doi.​org/​10.​1016/​j.​numecd.​2018.​03.​008.


	43.
Wellen KE, Hotamisligil GS. Obesity-induced inflammatory changes in adipose tissue. J Clin Invest. 2003;112(12):1785–8.CrossrefPubMedPubMedCentral


	44.
Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin Invest. 2006;116(7):1793–801.CrossrefPubMedPubMedCentral


	45.
Thorand B, Baumert J, Kolb H, Meisinger C, Chambless L, Koenig W, et al. Sex differences in the prediction of type 2 diabetes by inflammatory markers. Diabetes Care. 2007;30(4):854–60.CrossrefPubMed


	46.
Wang X, Bao W, Liu J, Ouyang YY, Wang D, Rong S, et al. Inflammatory markers and risk of type 2 diabetes: a systematic review and meta-analysis. Diabetes Care. 2013;36(1):166–75.CrossrefPubMed


	47.
Brunner EJ, Kivimä Ki M, Witte DR, Lawlor DA, Smith GD, Cooper JA et al. Inflammation, Insulin Resistance, and Diabetes - Mendelian Randomization Using CRP Haplotypes Points Upstream. PLoS Med [Internet]. 2008;5(8):1278–86. Available from: http://​popgen.​biol.​ucl.​ac.​uk/​software.​html.


	48.
Timpson NJ, Lawlor DA, Harbord RM, Gaunt TR, Day IN, Palmer LJ, et al. C-reactive protein and its role in metabolic syndrome: mendelian randomisation study. Lancet. 2005;366(9501):1954–9.CrossrefPubMed


	49.
Pradhan AD, Cook NR, Manson JE, Ridker PM, Buring JE. A randomized trial of low-dose aspirin in the prevention of clinical type 2 diabetes in women. Diabetes Care. 2009;32(1):3–8.CrossrefPubMedPubMedCentral


	50.
Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne C, et al. Antiinflammatory therapy with Canakinumab for atherosclerotic disease. N Engl J Med. 2017;377(12):1119–31.CrossrefPubMed


	51.
Smith GD, Ebrahim S. What can mendelian randomisation tell us about modifiable behavioural and environmental exposures? Br Med J. 2005;330(7499):1076–9.Crossref


	52.
Zheng J, Baird D, Borges M-C, Bowden J, Hemani G, Haycock P, et al. Recent developments in mendelian randomization studies. Curr Epidemiol Rep. 2017;4(4):330–45.CrossrefPubMedPubMedCentral


	53.
Burgess S, Davies NM, Thompson SG. Bias due to participant overlap in two-sample mendelian randomization. Genet Epidemiol. 2016;40(7):597–608.CrossrefPubMedPubMedCentral


	54.
Emanuelsson F, Afzal S, Jørgensen NR, Nordestgaard BG, Benn M. Hyperglycaemia, diabetes and risk of fragility fractures: observational and Mendelian randomisation studies. Diabetologia [Internet]. 2024;67(2):301–11. https://​doi.​org/​10.​1007/​s00125-023-06054-8.




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Contributions of elevated CRP, hyperglycaemia, and type 2 diabetes to cardiovascular risk in the general population: observational and Mendelian randomization studies


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12933_2024_2207_Fig2_HTML.png
N (%) N Mean P-C-reactive protein (SD) Events HR (95% CI) Events HR (95% Cl)
P for trend < 0.000 P for trend = 1.2 x 102 P for trend = 6.5 x 104
0-20% 22,575 0.1-0.8 0.51(0.21) 932 Reference 93 @ Reference
20-40% 22,616 1.06 (0.11) 1,260 1.02(0.94, 1.11) 196 40— 1.21(0.93, 1.57)
40-60% 22,501 1.43(0.12) 1,592 1.11 (1.02, 1.21) 291 |9 1.43(1.12, 1.83)
60-80% 22,572 2.10(0.32) 2,134 | | 1.25(1.16, 1.37) 421 —o— 1.61(1.27, 2.05)
80-100% 22,539 7.44(9.72) 2,645 & 1.50 (1.38, 1.62) 666 ———1 2.44(1.93,3.10)
0 2 4 6 8 10 15 20 25 30 10 15 20 25 30
Plasma C-reactive protein (mg/L) Hazard ratio and 95% CI Hazard ratio and 95% CI
Ischemic Heart Disease Cardiovascular Death
N (%) N Mean P-Glucose (SD) Events HR (95% Cl) Events HR (95% CI)
P for trend < 0.000 P for trend = 0.02 P for trend = 0.04
0-25% 28,273 26-4.7 4.42(0.28) 1,433 1.04 (0.96, 1.12) 152 1.01(0.80, 1.27)
25-43% 20,996 4.90 (0.08) 1,177 Reference 146 Reference
43-60% 18,841 5.19 (0.08) 1,200 0.99 (0.91, 1.07) 185 1.05(0.84, 1.32)
60-80% 22,540 5.61(0.17) 1,890 1.00 (0.94, 1.09) 385 1.09 (0.90, 1.34)
80-100% 22,160 7.01(1.63) 2,862 1.10(1.02, 1.18) 798 1.22(1.01, 1.49)

4 5 6 7 8

Plasma glucose (mmol/L)

10 15 20 25 30
Hazard ratio and 95% Cl
Ischemic Heart Disease

t T T T T
10 15 20 25 3.0
Hazard ratio and 95% Cl
Cardiovascular Death





OEBPS/css/envelope.png





OEBPS/images/12933_2024_2207_Fig1_HTML.png
p

Fraction of population

o

C-reactive protein (mg/L)

2 2.8

1.4

1

g

©
c
— No type 2 diabetes :g
— Type 2 diabetes @©
oy
o
o
©
c
Own
5
o
L
()
T T T T T T T T
0 2 4 6 8 10 12 14
C-reactive protein (mg/L)
3
P=28x1020 S o
5 9
o o
2 o
g 3
_'g o
o
£ o
N
2°
B o
S =
E o
3
08
T T T T T T T o
2 4 6 8 10 12 14

Glucose (mmol/L) Number at risk

— C-reactive protein <2 mg/L
— C-reactive protein = 2 mg/L
T T T T T T T
2 4 6 8 10 12 14
Glucose (mmol/L)
P fortrend = 3.9 x 10216
20 30 40 50 60 70 80 90 100

Age (years)

— CRP<2mglL
— CRP22mglL

2229
1698

2295 6019 20627 21838 19986 9453
889 2345 7029 9618 10716 6532






OEBPS/images/12933_2024_2207_Fig4_HTML.png
o
S 4.0 P-value =4.1x107% — 6.0 P-value =0.34
£ B-coefficient =292 s p-coefficient  =-0.03
£ 354 g 581
- €
a 2 5.6
2 307 8
© 3 54 -
] o =
- Jd ©
O 25 E 52
© ©
£ a
3 2.0 5.0
a T T T T T T T T T T T T T T
0 A 2 3 4 5 6 0 A 2 3 4 5 6
Weighted allele score, C-reactive protein Weighted allele score, C-reactive protein
oy
_ 607 puale =83x 1012 S 4.0 P-value =027
g B-coefficient = 0.97 £ B-coefficient =022
g 581 § 354
E -
2 561 g
8 2 3.0
2 544 B
o 3
@ oy 4
E 50 O 25
g - ©
o £
5.0 & 204
T T T T T T T a T T T T T T T
0 A 2 3 4 5 6 0 A 2 3 4 5 6
Weighted allele score, Glucose Weighted allele score, Glucose
Exp e cohort O cohort SNPs N Betacoefficient (95% Cl) P-value
C-reactive protein —» Glucose
Observational CCHS, CGPS CCHS, CGPS 109,887 > 0.02(0.02, 0.03) 28x 102
Genetic, Mendelian Randomization
One-sample CCHS, CGPS CCHS, CGPS 3 104,110 1 -0.04 (-0.12, 0.03) 0.27
One-sample, adjusted* CCHS, CGPS CCHS, CGPS 3 106,452 —— -0.00 (-0.07, 0.07) 0.96
Two-sample CHARGE MAGIC 3 165,518 —1+— -0.03 (-0.13, 0.06) 0.47
Glucose —» C-reactive protein
Observational CCHS, CGPS CCHS, CGPS 109,887 L 3 0.04 (0.03, 0.05) 28x10%
Genetic, Mendelian Randomization
One-sample CCHS, CGPS CCHS, CGPS 6 105,606 —o— -0.01 (-0.08, 0.07) 0.88
One-sample, adjusted* CCHS, CGPS CCHS, CGPS 6 105,759 —o— -0.05 (-0.12, 0.28) 0.22
Two-sample MAGIC CHARGE 6 165,518 T -0.00 (-0.04, 0.03) 0.09
*adjusted for sex and age 02 -01 00 0.1 0.2

Betacoefficient (95% Cl) for 1 mg/L of C-reactive
protein or 1 mmol/L glucose increase





OEBPS/css/sidebar.gif





OEBPS/images/12933_2024_2207_Fig3_HTML.png
8 © Log-rank P =1.92 x 10-%
o S :
(2]
[0
[0
L2
o
£ o
8 S-
< o
L
£
@
<
29 |
‘s ©
@
(5]
c
o)
o)
28
2° -
5 :
3 ’
g :
O 8 :
e 5 T T T T T T T T
20 30 40 50 60 70 80 90 100
Age (years)
Number at risk
No T2D,.CRP <2 mé/L 0 2267 5907 20331 21389 19536 9191 2194 52
No T2D,CRP22mg/L 0 869 2200 6567 8882 10023 6196 1637 33
T2D,CRP<2mg/lL 0 32 136 422 826 1197 783 176 0
T2D,CRP=22mg/L 0 23 160 618 1222 1532 916 197 3
b.
o E
o - : Log-rank P =1.92 x 1020
£° :
@
9]
=)
8
o
g
=)
2
©
o
w— O
5 < 4
0 o
(5}
c
[0}
-
o
£ &
£ 8
©
=1
£
=
O
o
S+ s
=) T T T T T T T T T
20 30 40 50 60 70 80 90 100
Age (years)
Number at risk
No T2D,CRP<2mg/lL 0 2262 5871 19951 20330 17751 7791 1746 56
No 72D, CRP22mg/L o 867 2181 6391 8323 8900 5105 1258 40
T2D,CRP<2mg/L 0 32 135 397 724 930 533 120 0
T2D,CRP22mg/L 0 23 156 577 1061 1180 639 140 3





