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Abstract

Deletion of glutathione Stransferase pl1 (GSTM1) is common in populations and has been asserted to
associate with chronic kidney disease progression in some research studies. The association needs to be
validated. We estimated GSTM1 copy number using whole exome sequencing datain the DiscovEHR
cohort. Kidney failure was defined as requiring dialysis or receiving kidney transplant using datafrom the
electronic health record and linkage to the United States Renal Data System, or the most recent eGFR <
15 ml/min/1.73m?. In a cohort of 46,983 unrelated participants, 28.8% of blacks and 52.1% of whites had
0 copies of GSTM1. Over amean of 9.2 years follow-up, 645 kidney failure events were observed in
46,187 white participants, and 28 in 796 black participants. No significant association was observed
between GSTM1 copy number and kidney failure in Cox regression adjusting for age, sex, BMI, smoking
status, genetic principal components, or co-morbid conditions (hypertension, diabetes, heart failure,
coronary artery disease, and stroke), whether using a genotypic, dominant, or recessive model. In
sensitivity analyses, GSTM1 copy number was not associated with kidney failure in participants that were
45 years or older at baseline, had baseline eGFR < 60 mi/min per 1.73 m? or with baseline year between
1996-2002. In conclusion, we found no association between GSTM1 copy number and kidney failurein a
large cohort study.

Keywords: GSTM1, kidney failure, copy number, large cohort

Trandational Statement

Deletion of GSTM1 has been shown to be associated with higher risk of kidney failure. However,
inconsistent results have been reported. We used el ectronic health record and whole exome sequencing
data of alarge cohort from a single healthcare system to evaluate the association between GSTM1 copy
number and risk of kidney failure. We found no significant association between GSTM1 copy number and

risk of kidney failure overall, or in multiple sensitivity and subgroup anal yses.
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I ntroduction

Glutathione Stransferase p 1 (GSTM1), belongs to the family of glutathione-S-transferases that
metabolize a broad range of reactive oxygen species and aldehydes.™ Loss of GSTM1 is very common in
the population; approximately 50% of whites and 27% of blacks have zero copies of GSTM1.2 Deletion of
one or both copies of the gene resultsin reduced amount of GSTM1,* and could lead to increased
oxidative stress due to diminished ability to neutralize reactive chemical species. An association between
loss of GSTM1 and chronic kidney disease (CKD) progression has been reported in the African American
Study of Kidney and Hypertension (AASK).> The association between GSTM1 copy number and kidney
failure was reported in the Atherosclerosis Risk in Communities (ARIC) study which had alarger sample
size, both in blacks and whites.® However, data from smaller case-control studies have had mixed
findings.”*! The inconsistent results may be due to insufficient sample size and different populations and
disease background.

The Geisinger MyCode® Community Health Initiative is an EHR-linked biobank for precision medicine
research.’” The population served by Geisinger have low rates of out migration, thus the electronic health
record (EHR) data are relatively complete longitudinally, with a median of 14 years of follow-up.*? Also,
ahigh proportion of participants were found to have first and second-degree rel atedness through cryptic
relatedness analysis."® Through the ongoing DiscovEHR collaboration with the Regeneron Genetic
Center, whole exome sequence (WES) data are available from approximately 92,000 MyCode®
participants to date.****** These comprehensive clinical dataare linked to matched genetic data and
provide power to identify disease-genetic associations.™

Confirming whether or not loss of GSTM1 increases the risk of kidney failure isimportant, given the high
prevalence of GSTM1 loss in the population and the serious morbidity and mortality associated with
kidney failure. In this study, we examine the relationship between GSTM1 copy number and incident

kidney failurein the Geisinger MyCode cohort.
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Results

Study cohort and baseline char acteristics

There were 46,983 unrelated participantsincluded in the main analysis. Among these, 46,187 (98.3%)
were white, and 796 (1.7%) were black. Freguency of GSTM1 copy number differed between blacks and
whites (Supplementa Figure 4). Almost half of the blacks (49.2%) had 1 copy of GSTM1 compared with
only 39.6% of whites, and more than half (52.1%) of whites had 0 copies of GSTM1 compared with
28.8% of blacks. Chi-square test indicated GSTM1 copy number follows the HWE (Table 1. P-values
were 1*10™ for whites and 0.618 for blacks).

Baseline demographic and clinical characteristics of the participants stratified by race and GSTM1 copy
numbers are provided in table 1. The average baseline age for whites and blacks was 51 and 44 years old
respectively. The mean baseline eGFR were 91 and 92 ml/min per 1.73 m” Prevalence of hypertension
was 29% in whites and 44% in blacks, and prevalence of type 2 diabetes was 13% in whites and 21% in
blacks at baseline. No statistically significant differences were observed for baseline characteristics
among the three genotype groups when adjusted for multiple comparisons.

Time-to-event analysis

Over amean follow-up of 9.2 years, there were atotal of 645 kidney failure eventsin 46,187 white
participants. Over a mean follow-up of 5.5 years, there were 28 eventsin 796 blacks. No significant
difference in kidney failure-free survival was found across GSTM1 copy numbers by log rank test (P=0.9
and 0.5 for whites and blacks, respectively, Figure 1).

Findings were similar in Cox regression analyses adjusting for other covariates (Table 2). In the genotypic
model, after adjusting for age, sex and the first 4 PCs, there was no difference in risk of kidney failure
among white participants with O copies (hazard ratio [HR] 1.01, 95% confidenceinterval [Cl]: 0.81-1.48])
or 1 copy (HR 1.08, 95% ClI: 0.80-1.47), compared to those with 2 copies. Findings were similar for black
participants in the genotypic model adjusting for age, sex, and the first 4 PCs (0 copies HR 0.68, 95% ClI:
0.22-2.15; 1 copy HR 1.13, 95% CI: 0.44-2.90). In the dominant model, after adjusting for age, sex, and

thefirst 4 PCs, there was again no difference in risk of kidney failure among participants with O or 1
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96  copiesfor white participants (HR 1.10, 95% CI: 0.82-1.46) or black participants with O or 1 copies (HR
97  0.96, 95% CI: 0.39-2.34), compared to their counterparts with 2 copies. In the recessive model, after
98  adjusting for age, sex, and thefirst 4 PCs, there was no difference in risk of kidney failure among white
99  participants with O copies (1.03, 95% CI: 0.88-1.20), or black participants with O copies (HR 0.63, 95%
100  CI: 0.25-1.56), compared to their counterparts with 1 or 2 copies. Adjustment for additional renal risk
101  factorsin Modd 2 yielded similar results (Table 2 and Supplementa Tables 1-3).
102 Sensitivity analyses
103  Analyseswere performed on white participants who were older than 45 years of age at baseline
104  (n=31406), had baseline eGFR < 60 ml/min/1.73m* (n=3129), or had index date before 2003 (n=14572).
105  No dtatistically significant differencesin the risk of kidney failure were identified for participants older
106  than 45 years of age at baseline (0 copies: HR 1.03. 95% CI: 0.74-1.42; 1 copy: HR 0.99. 95% CI: 0.71-
107 1.37), or those with baseline eGFR < 60 ml/min/1.73m? (0 copies: HR 1.13, 95% Cl: 0.75-1.69; 1 copy
108 HR 1.04, 95% ClI: 0.69-1.57), or for those with baseline year before 2003 (0 copies: HR 0.88, 95% CI:
109  0.59-1.32; 1 copy HR 0.88. 95% ClI: 0.59-1.33) (Table 2 and Supplemental Tables 1-3).
110  Discussion
111 To our knowledge, thisisthe largest study to investigate the association of GSTM1 copy number variation
112 with kidney failure. There were atotal of 46,187 unrelated whites and 796 blacks in the study with an
113 average of 9.3 years follow-up. The frequency of the GSTM1copy humbers were very similar to those
114  reported previously.*>® Our results showed no significant association between GSTM1 copy number and
115  risk of kidney failure in unadjusted or adjusted analyses whether using a genotypic, dominant, or
116  recessive genetic mode.
117  Datafrom the ARIC and AASK cohorts suggested that the loss of GSTM1 increased the risk of kidney
118 failure or accelerated CKD progression.>®'” In ARIC, a community-based cohort of middle-aged black
119  and white participants, there were 3461 white participants with WES reads. In fully adjusted models
120  among whitesin ARIC, loss of GSTM1 was associated with risk of kidney failure (O or 1 copy vs. 2

121  copies: HR 2.54; 95% CI: 1.32-4.88). It is possible that differencesin baseline characteristics of the study
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122 populations could explain differing findings. Our cohort had alower prevaence of smoking (never

123 smoking 48% vs. 38%), a higher prevalence of diabetes (14% vs. 8%), and was more contemporary

124 (median baseline year 2004 vs. ARIC baseline year 1987-1989). However, in sensitivity analysesin

125 14572 white participants with baseline year between 1996-2002 in our cohort, there was no association
126  between GSTML1 loss and risk of kidney failure.

127  Thereisaso the possibility that GSTM1 may only be deleterious when GFR falls below certain levels, or
128  inthe setting of specific types of kidney disease. In the AASK study, arandomized trial comparing

129  different antihypertensive medications and levels of blood pressure control in blacks with CKD attributed
130  to hypertension, 692 participants had GSTM1 genotyping completed. Loss of GSTM1 in AASK was

131  associated with increased risk of CKD progression (HR 0 copy: HR 1.88; 95% CI: 1.07-3.30; HR 1 copy:
132 1.68; 95% ClI: 1.00-2.84). While there were few blacks in our study population with CKD, we found no
133 association between loss of GSTM1 and risk of kidney failure in 3129 white participants with baseline
134  eGFR < 60 ml/min/1.73m?. Some smaller case-control studies also tested a recessive genetic model (0
135  copiesvs. 1 or 2 copies) of GSTM1 and found that GSTM1 O copy was associated with kidney failurein
136  several case-control studies.>****8 |n our study, however, we examined both recessive and dominant

137  genetic models, and found no associations between GSTM1 copy number and risk of kidney failure.

138  Some limitations of this study are worth noting. First, the genotypes of GSTM1 in this study were derived
139  from WES and the thresholds were determined empirically from the histogram. Multiplex PCR validation
140  wasnot performed for this study. However, this method was used in the ARIC study, which showed

141  99.3% agreement when comparing the results of 0 copy with > 1 copy from PCR.® Moreover, the

142  frequency of GSTM1 copy numbersin this study is similar to those reported previoudly for both whites
143 and blacks,>® and it follows the Hardy-Weinberg equilibrium. We also examined the possibility of miss-
144  mapping due to the complexity of GSTM locus. The histogram of the sum of normalized coverage of

145 GSTM5, the paralog gene of GSTML, is unimodal distribution. Based on these evidences, we believe the
146  copy number results derived from WES had alow error rate and can be used with confidence for analysis.

147  Second, the sample size for blacks was small with only 796 patients available for analysis, limiting the
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148  power to examine an association between GSTM1 and kidney failure in this population. The strength of
149  thisstudy isthe large sample size of whites, which included 46,187 patients, allowing for large subgroup
150  analysesin older patients, those with baseline eGFR < 60 ml/min/1.73m? and those with longer duration
151 of follow-up. Finaly, GSTM1 deletion is known to be protective for lung cancer among individuals with a
152 highintake of cruciferous vegetable and deleterious among those with low intake of cruciferous

153  vegetable.">** We were not able to analyze the effect modification between GSTM1 copy number and
154  cruciferous vegetable intake.

155  Inconclusion, our study does not support an association between loss of GSTM1 and increased risk of
156  kidney failure. Additional research is needed to confirm whether loss of GSTM1 increases risk of kidney
157  failurein certain subgroups such as blacks, and the interaction with diet.

158

159  Methods

160  Study Population

161  The study population included 72,756 participantsin the Geisinger-Regeneron DiscovEHR cohort with
162  WESdataand at least 3 serum creatinine values. We excluded participants who had baseline eGFR < 15
163 ml/min/1.73m? or history of dialysis or transplant (n=417), baseline age <18 (n=1,960), missing BMI|
164  values (n=230), and unknown smoking status (n=2,694). Cryptic relatedness was evaluated using IBD
165  method in PLINK1.9.% One of the related pair of participantswith PI_HAT >= 0.125 were removed to
166  reduce confounding from other shared genetic/environmental factors that could not be assessed, resulting
167  in 46983 participants (Supplement Figure 1). We estimated eGFR using the CKD-Epidemiology

168  Collaboration equation.?>* We defined the study period, from a baseline time of the second serum

169  creatinineto the time of arenal endpoint, or the last serum creatinine test. All participants provided their

170  informed written consent, and the study was approved by the Geisinger Institutional Review Board.


https://doi.org/10.1101/567651
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/567651; this version posted March 6, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

171 Outcome definition

172 Anassignment of kidney failure was made if any of the following criteria was met: 1) the last available
173 eGFR was less than 15 mL/min/1.73 m; 2) the EHR showed an International Classification of Disease
174  (ICD) code for end stage renal disease (ESRD) (ICD9: 585.6, ICD10: N18.6); 3) receipt of dialysis or
175  transplant per linkage to the United States Renal Data System (USRDS). For participants who met more
176  than one criteria, the earliest documented date of the criterion was considered the kidney failure date.

177  Clinical variables

178  Thefollowing data elements were extracted from the EHR: baseline age, sex, self-reported race, body
179  massindex (BMI, BMI = Weight(kg)/Height(m)?), serum creatinine, smoking status; and 1CD-9/10 coded
180  diagnosis of hypertension, diabetes, coronary artery disease, heart failure, and stroke. Genetic principal
181  components were calculated by PLINK 1.9 (www.cog-genomics.org/plink/1.9/).%*

182  GSTM1 and GSTM5 copy number estimation

183  DNA was sequenced in two batches at the Regeneron Genetic Center. The WES data processing has been
184  described elsewhere,™" and details are a so provided in the supplementary methods. Copy number of
185  GSTM1 was estimated using the method reported previously.® Briefly, sequence coverage was normalized
186  using CLAMMS software.?” Normalized coverage of all eight exons of GSTM1 was summed for each
187  participant. Thresholds for GSTM1 copy number were determined empirically according to the

188  distribution of sum of normalized coverage (Supplementary Figure 2). The copy number of GSTM5 was
189  estimated the same way as GSTM1 (Supplementary notes).

190 Statistical analyses

191  Hardy-Weinberg equilibrium (HWE) was estimated using Chi-Square test for GSTM1 copy number. A
192  more stringent significance level of 1e” was selected due to the large sample size (46,187) for Whites.
193  Nominal significance level of 0.05 was used for Blacks as the small sample size (796). Missing baseline
194  BMI values were imputed using mean BM| values calculated from all available BMI values for each

195  participant, and missing smoking status at baseline was imputed using the most recent recorded smoking

196  statusinthe EHR (Supplemental Figure 3). Baseline characteristics were compared using ANOVA for
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197  continuous variables, and chi-squared tests for categorical variables. A p-value of < 0.05/N was

198  considered statistically significant after Bonferroni adjustment for multiple comparisons, where N is the
199  number of variables compared. Kaplan-Meier curves were plotted by GSTM1 copy number, and survival
200  differences between genotype groups were assessed using alog rank test. All subsequent analyses were
201  stratified by race given the difference in allele frequency and sample size. Two models were evaluated. In
202  Mode 1, Cox proportiona hazards model was adjusted for age, sex and thefirst four genetic principle
203  components; Based on Model 1, Model 2 was additionally adjusted for risk factors including baseline
204  eGFR, smoking status, BMI, hypertension, diabetes, coronary artery disease, heart failure and stroke.

205  Three genetic models were evaluated: 1) genotypic model, using copy number 0,1, and 2 asthree

206  categories, 2) dominant model (O or 1 copy vs. 2 copies GSTM1); 3) recessive model (1 or 2 copiesvs. O
207  copiesof GSTM1). To explore whether the effect of GSTM1 loss was stronger in specific higher-risk

208  subgroups, sensitivity analyses were completed including subsets of 1) older participants (baseline age >
209 45 years); 2) participants with CKD (baseline eGFR < 60 ml/min per 1.73 m?); 3) participants with longer
210  follow-up (basdline year 1996-2002). Power was estimated using powerCT() function in R package

211 powerSurvEpi 0.1.0. Given the current sample size and event number, we have power of >=0.8 to test
212 hazardratio of at least 1.4 and 2.8 for white and black cohort, respectively. All analyses were performed
213  using R (version 3.4.3).

214  Disclosure
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303 Tables:
304
305 Table 1. Baseline char acteristics of participants by GSTM1 copy number
Characteristic Whites Blacks
Copy number 0 1 2 P 0 1 2 B
N. 24141 18255 3791 1E-47 233 388 175 0.618"
Age 509(14.1)  50.8(140)  512(143) 0317 418(123)  447(121)  443(132) 0015
Female, n(%) 14184(58.8)  10750(58.9) 2208(58.2)  0.763 148(63.5) 240(61.9)  103(589)  0.629
eGFR 91.8(20.3) 91.7(204)  913(20.8) 0326 950(22.9)  90.8(232)  91.9(244)  0.095
BMI 31.6(7.9) 31.6(7.8) 316(7.9) 0.817 335(9.3) 347(96)  345(10.2)  0.299
Smoking Status
Current Smoker 4688 (19.4)  3521(19.3) 769(203) 0418 65 (27.9) 109(281) 55(3L4) 0785
Former Smoker ~ 7803(32.3)  5829(3L9) 1231 (32.5) 64 (27.5) 117(302)  52(29.7)
Never Smoker 11650 (48.3) 8905(48.8) 1791 (47.2) 104 (446)  162(418)  68(389)
Hypertension 7193(29.8)  5400(29.6) 1118(284)  0.893 96 (41.2) 160 (436)  83(47.4) 0453
T1DM 251 (1.0) 205 (1.1) 50 (1.3) 0.277 6(2.5) 12 (3.1) 5(2.9) 0.932
T2DM 3130(13.0)  2299(126) 483(127) 0522 40 (17.2) 92 (237  35(200)  0.143
CAD 1384(57)  1072(59)  241(6.4) 0.304 0 0 0 /
HF 568 (2.4) 402 (2.2) 110 (2.9) 0.034 10 (4.3) 12 (3.1) 7(4.0) 0713
Stroke 413(1.7) 304(1.7) 69(1.8) 0.789 4(17) 11(2.8) 8(4.6) 0.233

306 A Hardy-Weinberg equilibrium test using Chi-Square test. Consider the sample size for Whites (46,187), we selected a more stringent

307 significance level of 1E-5.

308 P<0.0045 (0.05/11) was considered statistically significant. TIDM: Type 1 diabetes mellitus. T2DM: type 2 diabetes mellitus. CAD: coronary
309 artery disease; HF: heart failure.
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311 Table 2: Risk of kidney failure associated with GSTM 1 copy number

Hazard Ratio [95% Cl]

Population Genotypic Model (Ref: 2 copies) Dominant Model Recessive Model

0 copy P 1 copy P 0/1vs2 P 0vs1/2 P
Blacks (28/796)
Mode 1 0.68[0.22,2.15] 0.516 1.13[0.44,2.90] 0.802 0.96[0.39,2.34] 0.937 0.63[0.25,1.56] 0.316
Mode 2 0.67[0.19,2.34] 0.527 0.63[0.22,1.84] 0.399 0.64[0.23,1.77] 0.391 0.93[0.33,2.59] 0.883
Whites (645/46187)
Model 1 1.01[0.81,1.48] 0537 1.08[0.80,1.47] 0604 110[0.82,1.46] 0551 1.03[0.88,61.20] 0.732
Model 2 1.14[0.84,1.54] 0398 1.15[0.84,1.56] 0384 1.14[0.85153] 0375 1.02[0.87,1.19] 0.836
Whites, Baseline Age>=45 (518/31406)
Model 1 1.03[0.74,1.42] 0878 0.99[0.71,1.37] 0931 1.01[0.74,1.34 0960 1.04[0.87,1.23] 0.673
Mode 2 112[0.81,1.54] 0.504 1.07[0.77,149] 0.677 1.10[0.80,1.50] 0.562 1.05[0.89,1.25] 0.553
Whites, Baseline eGFR<60 (304/3129)
Mode 1 113[0.75,1.69] 0.556 1.04[0.69,157] 0.860 1.09[0.74,1.61] 0.670 1.10[0.87,1.37] 0.429
Mode 2 1.03[0.68,1.55] 0.891 1.03[0.68,1.56] 0.897 1.03[0.69, 1.53] 0.889 1.01[0.80,1.27] 0.956
Whites, Baseline Y ear before 2003 (310/14572)
Modd 1 0.88[0.59,1.32] 0542 0.88[0.59,1.33] 0553 0.88[0.60,1.30] 0.529 0.98[0.78,1.22] 0.841
Mode 2 0.86[0.57,1.29] 0.460 0.89[0.59,1.34] 0563 0.87[0.59,1.29] 0485 0.95[0.76,1.19] 0.648

312 Mode 1: adjusted for age, sex, first 4 genetic principle components. Model 2: Model 1 plus baseline eGFR, BMI, smoking status, hypertension,
313 type 1 diabetes, type 2 diabetes, heart failure, coronary artery disease, and stroke.
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318  Figurel: Kaplan-Meier survival curves of time to kidney failure by GSTM1 copy number in white and
319  black participants. In both races, participants without GSTM1 (black line) had longer kidney failure-free
320  survival timethan those with 1 or 2 copies of GSTM1 (blue and cyan lines). No significant difference
321  wasfound by log rank test. Tables below the figure showed the number of patients at risk with start time
322  a Month 0, 50, 100, 150 and 200.
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