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Diabetic Complications Consortium 

 

Application Title:  Gene X Environment Interaction in Diabetic Nephropathy: The Look AHEAD Trial 

 

Principal Investigator:  Jeanne McCaffery, Ph.D. 

 

  

1. Project Accomplishments:  

  

Genome-wide association studies have been successful in discovering genetic markers associated with chronic 

kidney disease (CKD) in the general population1, 2 and DN in type 1 diabetes (T1D)3 and type 2 diabetes 

(T2D)4. The prognostic value of these genetic markers for DN among individuals with T2D and the potential 

for gene x environment interaction involving weight loss, diet and physical activity is largely unknown.  The 

primary goal of this pilot and feasibility study was to determine whether these human genetic discoveries in 

kidney disease predict the course of diabetic nephropathy among over 4,016 overweight or obese individuals 

with type 2 diabetes in the Look AHEAD Study5, 6. Using gene x environment interaction models, we further 

tested whether randomized lifestyle change involving weight loss through calorie restriction and physical 

activity can diminish genetic effects.  The intensive lifestyle intervention (ILI) in Look AHEAD was previously 

demonstrated to reduce incidence of very high risk CKD7 as defined by Kidney Disease Improving Global 

Guidelines (KDIGO) Chronic Kidney Disease Work Group classification guidelines8, relative to Diabetes 

Support and Education (DSE) alone. 

 

The aims of the pilot study focused on single nucleotide polymorphisms (SNPs) that were identified in the 

literature1-4 and either directly represented on the existing genotyping platform, the Cardiometabochip9, or 

having a strong proxy on the Cardiometabochip (r2 > 0.95).  We identified 13 such SNPs (Table 1) that were the 

focus of Aims 1 and 2. 

 

In addition to our stated aims, we genotyped SNPs in APOL1 associated with CKD10, 11 and conducted 

preliminary analyses in the Look AHEAD African-American participants (N = 547).  We also conducted 

Cardiometabochip-wide association studies to determine whether any additional SNPs represented on the 

Cardiometabochip, a genotyping platform designed to target GWAS loci associated with T2D, fasting glucose, 

lipids, BMI and coronary artery disease, predict incidence of very high risk CKD.         

 

2. Specific Aims: 

 

Aim 1. To determine the association of CKD SNPs with eGFR and UACR through the year 8 follow-up visits, 

and whether this association might be diminished through behavioral intervention.   

Results: Thirteen SNPs were either directly represented on the Cardiometabochip or could be captured by a 

strong proxy on the Cardiometabochip (r2>0.95).  SNP characteristics are presented in Table 1.   

Baseline eGFR.  Results of the association with baseline eGFR and change in eGFR with and without 

interaction with treatment arm (ILI and DSE) are presented in Table 2.  Using a Bonferroni correction for 

experiment-wide error (alpha = 0.05/13, or 0.0038), two SNPs were significantly associated with baseline 

eGFR.  Each minor allele at PRKAG2 rs10224210 was associated with -1.24 (0.34) lower eGFR.  Similarly, 

each minor allele at ATXN2 rs653178 was associated with -1.13 (0.32) lower eGFR.  Both of these associations 

are consistent with the direction of effect in the prior literature1.  

Both PRKAG2 and ATXN2 were previously associated with eGFR in the general population. PRKAG2, or 

protein kinase, AMP-activated, gamma 2 non-catalytic subunit, is a glucose sensor important for cellular energy 

regulation. Variants in ATXN2 cause spinocerebellar ataxia type 2. ATXN2 has also been implicated in adult 

onset obesity12, 13
 and insulin resistance13 in knock-out mouse models.   
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Change in eGFR  Two different SNPS were associated with rate of change of eGFR through the year 8 follow-

up visits across treatment arms after controlling for baseline eGFR.  Each minor allele at UMOD rs1292282 was 

associated with 0.224 (95% CI:0.137,0.311) less of a decline in eGFR per year.  Similarly, each minor allele at 

SHROOM3 rs17319721 was associated with 0.136 (95% CI:0.071,0.200) less of a decline in eGFR per year.  

The UMOD rs1292282 is consistent with prior associations of the minor allele with improved eGFR2.  

However, the SHROOM3 rs17319721 appears inconsistent with prior research finding cross-sectional 

association of the minor allele with lower eGFR2.  Of note, a directionally consistent but nominally significant 

association of the SHROOM3 SNP with baseline eGFR was observed (p = 0.01), potentially altering association 

with change in eGFR. 

Both UMOD and SHROOM3 were previously associated with eGFR in the general population. UMOD, or 

uromodulin, codes for the most abundant protein in human urine. Variants in SHROOM3 have been linked to 

impairment of the glomerular filtration barrier in animal models14.  

The only significant interaction with treatment arm in predicting change in eGFR indicated that the minor allele 

at ATXN2 rs653178 predicted a slower decline in eGFR in DSE (Beta, 95% CI = 0.15, (0.06 - 0.24)) but not ILI 

(Beta, 95% CI = -0.50, (-0.13 - 0.04)) resulting in a SNP x treatment arm interaction passing statistical 

significance for experiment-wide error (p = 0.002).   

UACR.  Results for association with logUACR are presented in Table 3.  None of the SNPs were significantly 

associated with logUACR at baseline, whereas one SNP, PVT1 rs2608054, predicted change in ACR through 

the year 8 follow-up visit. Each minor allele at rs2608054 was associated with ~1% increase (1.009 95% 

CI:1.004,1.015) to the per-year rate of change for logUACR (because UACR levels generally increase over 

time, this effect represents a faster increase in UACR levels). No significant interactions with treatment arm 

were observed.  

PVT1, a non-coding RNA, was previously associated with end-stage renal disease (ERSD) in type 2 diabetes 

among Pima Indians4 and ESRD in type 1 diabetes in Caucasians15.  When over expressed, it relates to cellular 

proliferation and inhibits cellular apoptosis and has been implicated in several cancers.  PVT1 is also expressed 

in the kidney15 and appears to contribute to diabetic nephropathy through accumulation of extracellular matrix 

proteins in the glomeruli16, 17.      

 

Aim 2.  To determine the association of CKD SNPs with incidence of very-high-risk CKD through a median of 

8 years of follow-up, and whether this association might be diminished through behavioral intervention.   

 

None of the 13 SNPs were associated with incidence of Very High Risk CKD, either independent of or in 

interaction with treatment arm at the level of experiment-wide statistical significance (Table 4). The strongest 

association was observed for rs1719246, an intergenic SNPs in the SLC28A2/GATM region, with each minor 

allele associated with 1.29 (95% CI:1.06-1.57) greater risk of Very High Risk CKD (p = 0.009), consistent with 

the prior association of this allele with reduced eGFR.  

   

 

Additional data:  

 

1. APOL1.  In the African-American subsample of Look AHEAD (N=547), we genotyped two loci in 

APOL1 previously shown to increase risk for kidney disease in African-Americans:  a two-allele 

haplotype termed “G1” consisting of the two nonsynonymous coding variants rs73885319 (S342G) and 

rs60910145 (I384M) and a 6 base pair deletion (rs71785313, termed “G2”) close to G1 (N=479 0/1 risk 

variants; N=68 2 risk variants).  This region is under positive selection in African-Americans, is 

protective against Tyrpanosomiasis but increases risk for kidney disease and potentially cardiovascular 

disease10, 11, 18.  Results for Very High Risk CKD and cardiovascular morbidity and mortality are 

presented in Figure 1.  Little association was observed between these variants and prospective CKD.  

Although the eyeball test suggests some association with CVD morbidity and mortality, this association 
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did not approach statistical significance with the sample size and number of events in Look AHEAD.  

Given the relatively small sample sizes within ILI and DSE, we were unable to further differentiate the 

effect of these APOL1 variants in relation to treatment arm.   APOL1 variants did not predict baseline or 

decline in eGFR or ACR in this African-American subsample.  

 

2. Cardiometabochip-wide analysis for Very High Risk CKD.  We further determined whether any SNPs 

present on the Cardiometabochip were associated with Very High Risk CKD at a level of chip-wide 

significance.  No SNPs exceed this level of significance for either main effects (Figure 2) or interaction 

with treatment arm (Figure 3).  Nonetheless, the strongest associations with Very High Risk CVD 

across treatment arms were:  ZFPM2, or FOG2, previously implicated in glomerular hypertrophy19 and 

LRRC16A, previously associated with uric acid20 and gout21.  Among the strongest SNP x treatment arm 

interactions were LXM1B and ELOVL6, involved in the development of the glomerular basement 

membrane and fatty acid elongation respectively.  We will look forward to working with other cohorts 

with strong representation of participants with diabetes to attempt to replicate these results.             

 

3. Publications:   

 

The primary Look AHEAD paper on diabetic nephropathy was recently published.  We anticipate 

submitting a publication on our primary aims this fall or early next spring. 

 

 

4. Data sharing:   

 

This ancillary study is governed by the data sharing policies of the parent Look AHEAD grant. Data from 

baseline to year 4 are already available through the NIDDK repository.  We do not have sufficient consent 

to share the genetic data from these participants with investigators outside of Look AHEAD.    
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Table 1.  Single nucleotide polymorphisms with prior evidence for association with chronic kidney 
disease available on the Cardiometabochip 
 

  Annotation Information 

          Modeled Other     

SNP Proxy_For Outcome Sample CHR Allele Allele Location Closest gene 

rs10170838 3 rs7588550 T1DN T1D 2 C T Intronic ERBB4 

rs102242101 rs7805747 CKD General 7 C T Intronic PRKAG2 

rs125939213 rs12437854 ESRD T1D 15 G A Intergenic RGMA 

rs12603261   eGFR General 2 C T exonic;splicing GCKR 

rs129228221 rs12917707 eGFR General 16 T C Intergenic UMOD;PDILT 

rs17192461 rs2453533 eGFR General 15 A T Intergenic SLC28A2;GATM 

rs173197211   eGFR General 4 A G Intronic SHROOM3 

rs18806701 rs1933182 eGFR General 1 C T Intergenic SORT1;PSMA5 

rs2608054 4 rs2648875 ESRD T2D 8 G A ncRNA_intronic PVT1 

rs2677341   eGFR General 1 A G Intergenic CERS2;ANXA9 

rs47447121   eGFR General 9 A C Intronic PIP5K1B 

rs6531781   eGFR General 12 G A Intronic ATXN2 

rs81018811 rs12460876 eGFR General 19 C T Intergenic SLC7A9;CEP89 
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Table 2. SNP associations with estimated glomerular filtration rate through year 8 follow-up visits 

  No Interaction with Arm Interaction with Arm 

  Effect on baseline value (Int) Effect on slope (per-year, additive) Change in slope (DSE)* Change in slope (ILI)* Interaction 

rsID Beta (95% CI) p-value Beta (95% CI) p-value Beta (95% CI) Beta (95% CI) p-value 

rs10170838 0.019 (-1.336,1.374) 9.7851E-01 0.080 (-0.070,0.230) 2.9634E-01 0.051 (-0.163,0.265) 0.107 (-0.104,0.317) 7.1450E-01 

rs10224210 -1.235 (-1.904,-0.566) 2.9813E-04 -0.057 (-0.130,0.016) 1.2466E-01 -0.003 (-0.107,0.100) -0.116 (-0.218,-0.013) 1.3141E-01 

rs12593921 0.797 (-0.312,1.907) 1.5904E-01 0.045 (-0.076,0.167) 4.6447E-01 0.007 (-0.165,0.178) 0.094 (-0.079,0.267) 4.8017E-01 

rs1260326 -0.869 (-1.479,-0.259) 5.2319E-03 -0.034 (-0.099,0.031) 3.0407E-01 -0.031 (-0.123,0.061) -0.041 (-0.132,0.050) 8.7510E-01 

rs12922822 0.746 (-0.038,1.530) 6.2207E-02 0.224 (0.137,0.311) 4.5780E-07 0.264 (0.143,0.384) 0.179 (0.054,0.304) 3.3983E-01 

rs1719246 -0.289 (-0.905,0.327) 3.5773E-01 -0.051 (-0.111,0.010) 1.0132E-01 -0.04 (-0.128,0.048) -0.053 (-0.137,0.031) 8.3804E-01 

rs17319721 -0.745 (-1.334,-0.155) 1.3363E-02 0.136 (0.071,0.200) 3.7918E-05 0.108 (0.016,0.201) 0.162 (0.072,0.252) 4.1217E-01 

rs1880670 0.471 (-0.174,1.115) 1.5241E-01 -0.069 (-0.134,-0.003) 4.1036E-02 -0.006 (-0.100,0.088) -0.129 (-0.221,-0.038) 6.5656E-02 

rs2608054 -0.003 (-0.624,0.618) 9.9190E-01 0.043 (-0.024,0.109) 2.0750E-01 0.067 (-0.027,0.161) 0.015 (-0.078,0.108) 4.3453E-01 

rs267734 -1.051 (-1.824,-0.278) 7.6766E-03 0.007 (-0.077,0.091) 8.6518E-01 -0.034 (-0.153,0.085) 0.057 (-0.061,0.176) 2.8524E-01 

rs4744712 0.156 (-0.432,0.744) 6.0297E-01 -0.006 (-0.071,0.059) 8.5195E-01 -0.068 (-0.161,0.025) 0.048 (-0.042,0.138) 8.0614E-02 

rs653178 -1.128 (-1.750,-0.506) 3.7933E-04 0.045 (-0.016,0.107) 1.4598E-01 0.149 (0.061,0.237) -0.049 (-0.134,0.036) 1.5111E-03 

rs8101881 0.722 (0.144,1.301) 1.4374E-02 0.041 (-0.023,0.104) 2.1083E-01 0.027 (-0.065,0.118) 0.049 (-0.039,0.136) 7.3465E-01 
In no interaction models, effects adjusted for genetic ancestry (top 3 multidimensional scaling vectors), sex, age, randomization arm, and time, 

including interactions between time and arm, and time and age.  

In interaction models, models contain same covariates, however also involve three-way interactions between time, arm, and age as well as time, arm, 

and SNP genotype 

*Change in slope per modeled allele (MA), assuming an additive effect   
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Table 3. SNP associations with albumin:creatinine ratio (UACR) through year 8 follow-up visits 

  No Interaction with Arm   

  Effect on baseline value (Int) Effect on slope (per-year, additive) Change in slope (DSE)* Change in slope (ILI)* Interaction 

rsID Beta (95% CI) p-value Beta (95% CI) p-value Beta (95% CI) Beta (95% CI) p-value 

rs10170838 0.869 (0.777,0.972) 1.4085E-02 1.011 (0.999,1.023) 6.8751E-02 1.014 (0.997,1.031) 1.008 (0.992,1.025) 6.4079E-01 

rs10224210 0.994 (0.941,1.051) 8.3692E-01 1.003 (0.997,1.008) 3.8492E-01 1.002 (0.994,1.011) 1.003 (0.995,1.011) 9.3522E-01 

rs12593921 1.015 (0.926,1.113) 7.5165E-01 1.005 (0.995,1.015) 3.1519E-01 1.008 (0.995,1.022) 1.001 (0.988,1.015) 4.7049E-01 

rs1260326 0.952 (0.905,1.001) 5.5927E-02 1.007 (1.001,1.012) 1.1813E-02 1.007 (1.000,1.014) 1.006 (0.999,1.013) 8.6153E-01 

rs12922822 0.969 (0.908,1.034) 3.4235E-01 0.999 (0.993,1.006) 8.7251E-01 0.993 (0.983,1.002) 1.007 (0.997,1.017) 4.3652E-02 

rs1719246 1.039 (0.987,1.093) 1.4332E-01 1.003 (0.999,1.008) 1.6037E-01 1.001 (0.994,1.008) 1.006 (0.999,1.012) 2.9847E-01 

rs17319721 0.953 (0.908,1.001) 5.5802E-02 0.998 (0.993,1.003) 4.0425E-01 0.994 (0.987,1.002) 1.001 (0.994,1.008) 2.0478E-01 

rs1880670 1.037 (0.983,1.094) 1.8372E-01 1.001 (0.996,1.007) 5.9255E-01 1.001 (0.993,1.008) 1.002 (0.995,1.009) 8.0119E-01 

rs2608054 0.964 (0.916,1.015) 1.6026E-01 1.009 (1.004,1.015) 4.1273E-04 1.010 (1.003,1.018) 1.009 (1.001,1.016) 7.9733E-01 

rs267734 1.019 (0.956,1.087) 5.5582E-01 1.002 (0.995,1.009) 5.4395E-01 1.006 (0.996,1.015) 0.998 (0.989,1.008) 2.8565E-01 

rs4744712 0.940 (0.895,0.987) 1.2642E-02 0.998 (0.993,1.003) 4.8722E-01 0.998 (0.990,1.005) 0.999 (0.992,1.006) 8.5230E-01 

rs653178 0.982 (0.933,1.034) 4.9132E-01 0.995 (0.991,1.000) 6.1786E-02 0.995 (0.988,1.002) 0.996 (0.989,1.003) 8.2131E-01 

rs8101881 0.993 (0.946,1.042) 7.7159E-01 0.999 (0.994,1.004) 6.7044E-01 0.993 (0.986,1.001) 1.004 (0.997,1.011) 3.4589E-02 
UACR was transformed and modeled on the loge scale. Effects have been exponentiated back onto the original scale and so represent multiplicative 

effects on the mean, i.e. 1.05 denotes a 5% increase.  

In no interaction models, effects adjusted for genetic ancestry (top 3 multidimensional scaling vectors), sex, age, randomization arm, and time, 

including interactions between time and arm, and time and age.  

In interaction models, models contain same covariates, however also involve three-way interactions between time, arm, and age as well as time, arm, 

and SNP genotype 

*Change in slope per modeled allele (MA), assuming an additive effect   
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Table 4. SNP associations with very high risk chronic kidney disease through a median of 8 years of follow-up 
 

  Very High Risk CKD Very High Risk CKD 

      Interaction with Arm 

  No Interaction with Arm DSE ILI Interaction 

SNP HR (95% CI) p-value HR (95% CI) HR (95% CI) p-value 

rs10170838 1.122 (0.754-1.67) 5.6986E-01 1.114 (0.664-1.87) 1.133 (0.619-2.074) 0.966109947 

rs10224210 1.179 (0.96-1.447) 1.1545E-01 1.097 (0.838-1.437) 1.295 (0.958-1.75) 0.412660716 

rs12593921 0.781 (0.537-1.137) 1.9665E-01 0.994 (0.644-1.533) 0.473 (0.224-0.996) 0.088927474 

rs1260326 0.881 (0.725-1.069) 1.9961E-01 0.948 (0.741-1.213) 0.793 (0.589-1.067) 0.351686634 

rs12922822 0.755 (0.575-0.991) 4.2770E-02 0.812 (0.578-1.14) 0.67 (0.428-1.05) 0.502393082 

rs1719246 1.29 (1.064-1.565) 9.6829E-03 1.373 (1.076-1.752) 1.189 (0.904-1.562) 0.409582988 

rs17319721 0.858 (0.71-1.037) 1.1379E-01 0.76 (0.59-0.979) 1 (0.758-1.321) 0.146589855 

rs1880670 0.882 (0.719-1.083) 2.3011E-01 0.836 (0.644-1.085) 0.949 (0.706-1.274) 0.506885041 

rs2608054 1.039 (0.858-1.258) 6.9828E-01 1.176 (0.928-1.491) 0.859 (0.636-1.159) 0.094737638 

rs267734 1.057 (0.834-1.34) 6.4461E-01 0.981 (0.718-1.342) 1.168 (0.824-1.655) 0.459352199 

rs4744712 0.895 (0.743-1.079) 2.4438E-01 0.873 (0.683-1.117) 0.924 (0.699-1.222) 0.763540764 

rs653178 1.104 (0.907-1.344) 3.2144E-01 1.052 (0.822-1.345) 1.177 (0.896-1.548) 0.51302941 

rs8101881 0.976 (0.815-1.17) 7.9592E-01 0.955 (0.752-1.212) 1.005 (0.767-1.317) 0.780837256 
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FIGURE 1. Kaplan-Meier curves for the incidence of very high risk CKD (KDIGO=4) and the primary 
CVD composite outcome by APOL1 genotype for African-Americans in the Look AHEAD trial  

 
Primary composite CVD outcome includes death from cardiovascular causes, nonfatal myocardial 
infarction, nonfatal stroke, or hospitalization for angina. 
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FIGURE 2. Metabochip-wide analysis of main effect associations (independent of randomization arm) with the development of very-high risk CKD 

(KDIGO=4) in all Look AHEAD participants 

 
Analyses included only common SNPs (MAF>5% pooled across all ethnicities) with no strong evidence of deviation from Hardy-Weinberg 

equilibrium (p>0.0001 in European ancestry subgroup). P-values from Cox regression model with adjustments for age, sex, randomization arm, and 

genetic ancestry (top 3 MDS vectors). Note that the gray line just reflects the threshold I used to highlight SNPs on the plot, it does not reflect any 

sort of meaningful multiple testing correction. Red points indicate situations where the index SNP is intergenic, while blue points indicate index 

SNPs that fall within a gene.  
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FIGURE 3. Metabochip-wide analysis of SNP interactions with randomization arm with the development of very-high risk CKD (KDIGO=4) in all 

Look AHEAD participants 

  
Analyses included only common SNPs (MAF>5% pooled across all ethnicities) with no strong evidence of deviation from Hardy-Weinberg 

equilibrium (p>0.0001 in European ancestry subgroup). P-values from Cox regression model with adjustments for age, sex, and genetic ancestry (top 

3 MDS vectors). Note that the gray line just reflects the threshold I used to highlight SNPs on the plot, it does not reflect any sort of meaningful 

multiple testing correction. Red points indicate situations where the index SNP is intergenic, while blue points indicate index SNPs that fall within a 

gene. 

 



 11 

REFERENCES 

 

1. Kottgen A, Pattaro C, Boger CA, Fuchsberger C, Olden M, Glazer NL, Parsa A, Gao X, Yang Q, Smith 

AV, O'Connell JR, Li M, Schmidt H, Tanaka T, Isaacs A, Ketkar S, Hwang SJ, Johnson AD, Dehghan 

A, Teumer A, Pare G, Atkinson EJ, Zeller T, Lohman K, Cornelis MC, Probst-Hensch NM, Kronenberg 

F, Tonjes A, Hayward C, Aspelund T, Eiriksdottir G, Launer LJ, Harris TB, Rampersaud E, Mitchell 

BD, Arking DE, Boerwinkle E, Struchalin M, Cavalieri M, Singleton A, Giallauria F, Metter J, de Boer 

IH, Haritunians T, Lumley T, Siscovick D, Psaty BM, Zillikens MC, Oostra BA, Feitosa M, Province 

M, de Andrade M, Turner ST, Schillert A, Ziegler A, Wild PS, Schnabel RB, Wilde S, Munzel TF, Leak 

TS, Illig T, Klopp N, Meisinger C, Wichmann HE, Koenig W, Zgaga L, Zemunik T, Kolcic I, Minelli C, 

Hu FB, Johansson A, Igl W, Zaboli G, Wild SH, Wright AF, Campbell H, Ellinghaus D, Schreiber S, 

Aulchenko YS, Felix JF, Rivadeneira F, Uitterlinden AG, Hofman A, Imboden M, Nitsch D, 

Brandstatter A, Kollerits B, Kedenko L, Magi R, Stumvoll M, Kovacs P, Boban M, Campbell S, Endlich 

K, Volzke H, Kroemer HK, Nauck M, Volker U, Polasek O, Vitart V, Badola S, Parker AN, Ridker PM, 

Kardia SL, Blankenberg S, Liu Y, Curhan GC, Franke A, Rochat T, Paulweber B, Prokopenko I, Wang 

W, Gudnason V, Shuldiner AR, Coresh J, Schmidt R, Ferrucci L, Shlipak MG, van Duijn CM, Borecki 

I, Kramer BK, Rudan I, Gyllensten U, Wilson JF, Witteman JC, Pramstaller PP, Rettig R, Hastie N, 

Chasman DI, Kao WH, Heid IM, Fox CS. New loci associated with kidney function and chronic kidney 

disease. Nat Genet. 2010;42:376-384 

2. Kottgen A, Glazer NL, Dehghan A, Hwang SJ, Katz R, Li M, Yang Q, Gudnason V, Launer LJ, Harris 

TB, Smith AV, Arking DE, Astor BC, Boerwinkle E, Ehret GB, Ruczinski I, Scharpf RB, Chen YD, de 

Boer IH, Haritunians T, Lumley T, Sarnak M, Siscovick D, Benjamin EJ, Levy D, Upadhyay A, 

Aulchenko YS, Hofman A, Rivadeneira F, Uitterlinden AG, van Duijn CM, Chasman DI, Pare G, 

Ridker PM, Kao WH, Witteman JC, Coresh J, Shlipak MG, Fox CS. Multiple loci associated with 

indices of renal function and chronic kidney disease. Nat Genet. 2009;41:712-717 

3. Sandholm N, Salem RM, McKnight AJ, Brennan EP, Forsblom C, Isakova T, McKay GJ, Williams 

WW, Sadlier DM, Makinen VP, Swan EJ, Palmer C, Boright AP, Ahlqvist E, Deshmukh HA, Keller BJ, 

Huang H, Ahola AJ, Fagerholm E, Gordin D, Harjutsalo V, He B, Heikkila O, Hietala K, Kyto J, 

Lahermo P, Lehto M, Lithovius R, Osterholm AM, Parkkonen M, Pitkaniemi J, Rosengard-Barlund M, 

Saraheimo M, Sarti C, Soderlund J, Soro-Paavonen A, Syreeni A, Thorn LM, Tikkanen H, Tolonen N, 

Tryggvason K, Tuomilehto J, Waden J, Gill GV, Prior S, Guiducci C, Mirel DB, Taylor A, Hosseini 

SM, Parving HH, Rossing P, Tarnow L, Ladenvall C, Alhenc-Gelas F, Lefebvre P, Rigalleau V, Roussel 

R, Tregouet DA, Maestroni A, Maestroni S, Falhammar H, Gu T, Mollsten A, Cimponeriu D, Ioana M, 

Mota M, Mota E, Serafinceanu C, Stavarachi M, Hanson RL, Nelson RG, Kretzler M, Colhoun HM, 

Panduru NM, Gu HF, Brismar K, Zerbini G, Hadjadj S, Marre M, Groop L, Lajer M, Bull SB, Waggott 

D, Paterson AD, Savage DA, Bain SC, Martin F, Hirschhorn JN, Godson C, Florez JC, Groop PH, 

Maxwell AP. New susceptibility loci associated with kidney disease in type 1 diabetes. PLoS Genet. 

2012;8:e1002921 

4. Hanson RL, Craig DW, Millis MP, Yeatts KA, Kobes S, Pearson JV, Lee AM, Knowler WC, Nelson 

RG, Wolford JK. Identification of pvt1 as a candidate gene for end-stage renal disease in type 2 diabetes 

using a pooling-based genome-wide single nucleotide polymorphism association study. Diabetes. 

2007;56:975-983 

5. Ryan DH, Espeland MA, Foster GD, Haffner SM, Hubbard VS, Johnson KC, Kahn SE, Knowler WC, 

Yanovski SZ. Look ahead (action for health in diabetes): Design and methods for a clinical trial of 

weight loss for the prevention of cardiovascular disease in type 2 diabetes. Control Clin Trials. 

2003;24:610-628 

6. Wing RR. Long-term effects of a lifestyle intervention on weight and cardiovascular risk factors in 

individuals with type 2 diabetes mellitus: Four-year results of the look ahead trial. Archives of internal 

medicine. 2010;170:1566-1575 



 12 

7. Effect of a long-term behavioural weight loss intervention on nephropathy in overweight or obese adults 

with type 2 diabetes: A secondary analysis of the look ahead randomised clinical trial. The lancet. 

Diabetes & endocrinology. 2014;2:801-809 

8. Group KDIGOKCKDW. Kdigo clinical practice guideline for the evaluation and management of 

chronic kidney disease. Kidney international. 2013;Suppl. 3:1-150 

9. Voight BF, Kang HM, Ding J, Palmer CD, Sidore C, Chines PS, Burtt NP, Fuchsberger C, Li Y, 

Erdmann J, Frayling TM, Heid IM, Jackson AU, Johnson T, Kilpelainen TO, Lindgren CM, Morris AP, 

Prokopenko I, Randall JC, Saxena R, Soranzo N, Speliotes EK, Teslovich TM, Wheeler E, Maguire J, 

Parkin M, Potter S, Rayner NW, Robertson N, Stirrups K, Winckler W, Sanna S, Mulas A, Nagaraja R, 

Cucca F, Barroso I, Deloukas P, Loos RJ, Kathiresan S, Munroe PB, Newton-Cheh C, Pfeufer A, 

Samani NJ, Schunkert H, Hirschhorn JN, Altshuler D, McCarthy MI, Abecasis GR, Boehnke M. The 

metabochip, a custom genotyping array for genetic studies of metabolic, cardiovascular, and 

anthropometric traits. PLoS Genet. 2012;8:e1002793 

10. Genovese G, Friedman DJ, Ross MD, Lecordier L, Uzureau P, Freedman BI, Bowden DW, Langefeld 

CD, Oleksyk TK, Uscinski Knob AL, Bernhardy AJ, Hicks PJ, Nelson GW, Vanhollebeke B, Winkler 

CA, Kopp JB, Pays E, Pollak MR. Association of trypanolytic apol1 variants with kidney disease in 

african americans. Science. 2010;329:841-845 

11. Parsa A, Kao WH, Xie D, Astor BC, Li M, Hsu CY, Feldman HI, Parekh RS, Kusek JW, Greene TH, 

Fink JC, Anderson AH, Choi MJ, Wright JT, Jr., Lash JP, Freedman BI, Ojo A, Winkler CA, Raj DS, 

Kopp JB, He J, Jensvold NG, Tao K, Lipkowitz MS, Appel LJ. Apol1 risk variants, race, and 

progression of chronic kidney disease. N Engl J Med. 2013;369:2183-2196 

12. Kiehl TR, Nechiporuk A, Figueroa KP, Keating MT, Huynh DP, Pulst SM. Generation and 

characterization of sca2 (ataxin-2) knockout mice. Biochemical and biophysical research 

communications. 2006;339:17-24 

13. Lastres-Becker I, Brodesser S, Lutjohann D, Azizov M, Buchmann J, Hintermann E, Sandhoff K, 

Schurmann A, Nowock J, Auburger G. Insulin receptor and lipid metabolism pathology in ataxin-2 

knock-out mice. Hum Mol Genet. 2008;17:1465-1481 

14. Yeo NC, O'Meara CC, Bonomo JA, Veth KN, Tomar R, Flister MJ, Drummond IA, Bowden DW, 

Freedman BI, Lazar J, Link BA, Jacob HJ. Shroom3 contributes to the maintenance of the glomerular 

filtration barrier integrity. Genome research. 2014 

15. Millis MP, Bowen D, Kingsley C, Watanabe RM, Wolford JK. Variants in the plasmacytoma variant 

translocation gene (pvt1) are associated with end-stage renal disease attributed to type 1 diabetes. 

Diabetes. 2007;56:3027-3032 

16. Alvarez ML, DiStefano JK. Functional characterization of the plasmacytoma variant translocation 1 

gene (pvt1) in diabetic nephropathy. PLoS One. 2011;6:e18671 

17. Alvarez ML, Khosroheidari M, Eddy E, Kiefer J. Role of microrna 1207-5p and its host gene, the long 

non-coding rna pvt1, as mediators of extracellular matrix accumulation in the kidney: Implications for 

diabetic nephropathy. PLoS One. 2013;8:e77468 

18. Madhavan SM, O'Toole JF. The biology of apol1 with insights into the association between apol1 

variants and chronic kidney disease. Clinical and experimental nephrology. 2014;18:238-242 

19. Park JT, Kato M, Yuan H, Castro N, Lanting L, Wang M, Natarajan R. Fog2 protein down-regulation by 

transforming growth factor-beta1-induced microrna-200b/c leads to akt kinase activation and glomerular 

mesangial hypertrophy related to diabetic nephropathy. The Journal of biological chemistry. 

2013;288:22469-22480 

20. Kolz M, Johnson T, Sanna S, Teumer A, Vitart V, Perola M, Mangino M, Albrecht E, Wallace C, 

Farrall M, Johansson A, Nyholt DR, Aulchenko Y, Beckmann JS, Bergmann S, Bochud M, Brown M, 

Campbell H, Connell J, Dominiczak A, Homuth G, Lamina C, McCarthy MI, Meitinger T, Mooser V, 

Munroe P, Nauck M, Peden J, Prokisch H, Salo P, Salomaa V, Samani NJ, Schlessinger D, Uda M, 

Volker U, Waeber G, Waterworth D, Wang-Sattler R, Wright AF, Adamski J, Whitfield JB, Gyllensten 

U, Wilson JF, Rudan I, Pramstaller P, Watkins H, Doering A, Wichmann HE, Spector TD, Peltonen L, 

Volzke H, Nagaraja R, Vollenweider P, Caulfield M, Illig T, Gieger C. Meta-analysis of 28,141 



 13 

individuals identifies common variants within five new loci that influence uric acid concentrations. 

PLoS Genet. 2009;5:e1000504 

21. Sakiyama M, Matsuo H, Shimizu S, Chiba T, Nakayama A, Takada Y, Nakamura T, Takada T, Morita 

E, Naito M, Wakai K, Inoue H, Tatsukawa S, Sato J, Shimono K, Makino T, Satoh T, Suzuki H, Kanai 

Y, Hamajima N, Sakurai Y, Ichida K, Shimizu T, Shinomiya N. Common variant of leucine-rich repeat-

containing 16a (lrrc16a) gene is associated with gout susceptibility. Human cell. 2014;27:1-4 

 

 


