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5 What’s new? 

6 1) In diabetic nephropathy, relationship between two histological vascular lesions in 

7 kidney tissues and future cardiovascular events is unclear. We evaluated hyalinosis in 

8 small arterioles with <150中mdiameter, and intimal thickening in double-layered large 

9 arteries with 150・・300－~』mdiameter. Arteriolar hya!inosis was significantly associated 

10 with cardiovascular events, whereas intimal thickening in large arteries was not. 

11 2) Systolic blood pressure was strongly related to arteriolar hyalinosis but not to intimal 

12 thickening in large arteries, suggesting that hypertensive injury of smaller arterioles of 

13 the kidneys was more strongly associated with cardiovascular events and mortality 

14 than that of larger arteries in diabetic nephropathy. 
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1 Abstract 

2 Aims 

3 Diabetic nephropathy, a pathologically diagnosed microvascular compli凶 tionof diabetes, is 

4 a strong risk factor for cardiovascular events, which mainly involve larger arteries than those 

5 a仔ectedin diabetic nephropathy. However, the association between diabetic nephropathy 

6 pathological findings and cardiovascular events has not been well studied. We aimed to 

7 investigate whether the pathologic findings in diabetic nephropathy are closely associated 

8 with cardiovascular event development. 

9 Methods 

10 This retrospective cohort study analysed 377 people with type 2 diabetes and biopsy-proven 

11 diabetic nephropathy, with a median follow-up of 5.9 years (IQR 2.0 to 13.5). We investigated 

12 how cardiovascular events were impacted by two vascular diabetic nephropathy, lesions, 

13 namely arteriolar hyalinosis and arterial intimal thickening, and by glomerular and interstitial 

14 lesions. 

15 Results 

16 Of the 377 people with diabetic nephropathy, 331 (88%) and 295 (79%) had arteriolar 

17 hyalinosis and arte1ia! intimal thickening, respectively. Du討ngthe entire follow-up period, 

18 those with arteriolar hyalinosis had higher cardiovascular event rates in the crude Kaplan-



1 Meier analysis than those without these lesions Oコ＝0.005by the log-rank test). When fully 

2 adjusted for clinically relevant confounders, arteriolar hyalinosis independently predicted 

3 cardiovascular events (hazard ratio [HR], 1.99; 95% confidence interval [Cl], 1.12, 3.86), but 

4 we did not find any relationship between arterial intimal thickening and cardiovascular events 

5 (HR, 0.89; 95弘 Cl,0.60, 1.37). Additionally, neither glornerular nor interstitial lesions were 

6 independently associated with凶 rdiovascularevents in the fully adjusted model. 

7 Conclusions 

8 Arteriolar hyalinosis, but not intimal thickening of large arteries, was strongly associated 

9 with cardiovascular events in people with diabetic nephropathy. 

10 

11 Keywords: diabetic nephropathy, cardiovascular disease, kidney biopsy, arteriolar 

12 hyalinosis, arterial intimal thickness 
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1 Introduction 

2 Diabetic nephropathy, a pathologically diagnosed microvascular complication of diabetes, 

3 is the leading cause of end-stage renal disease (ESRD) [1,2). However, people with 

4 diabetic nephropathy are more likely to develop cardiovascular events, which are 

5 macrovascular complications of diabetes, before reaching ESRD, than those who have 

6 reached ESRD [3]. 

7 Pathological findings in diabetic nephropathy, are complex, and there is no united 

8 classification system for the condition. The Renal Pathology Society recently repoはeda

9 newly developed pathologic classification scheme for diabetic nephropathy, which divides 

10 the condition into four hierarchical glomerular lesions with varying degrees of interstitial and 

11 vascular involvement [4}. Arteriolar hyalinosis and atherosclerosis characterised by intimal 

12 thickening in large arteries are individually assessed as having vascular lesions of diabetic 

13 nephropathy and graded into three categories. 

14 Earlier studies [5-7) involving cohoはswith biopsy-proven diabetic nephropathy showed a 

15 significant association between severity of glomerular lesions and ESRD development, 

16 independent of clinical parameters such as proteinuria and estimated glomerular filtration 

17 rate (eGFR). Mise et al. repoはedthat the degree of interstitial fibrosis and tubular atrophy 

18 (IFTA) increased the risk of ESRD [8]. This is understandable because ESRD is caused 



1 mainly by the destruction of the glomerular architecture. Howeνer, the assoαation between 

2 diabetic nephropathy pathological findings, especially vascular lesions, and cardiovascular 

3 events, has not been weil studied. 

4 To evaluate the vascular lesions of diabetic nephropathy according to the recent C『iteria,

5 we measured arte1ial diameters of biopsied specimens, then evaluated hyalinosis in 

6 arterioles with < 150世間 diameterand intimal thickening in arteries withと15ふドmdiameter. 

7 We also investigated the relationship between vascular lesions and cardiovascular events 

8 in biopsy-p「ovenpeople with diabetic nephropathy. 

9 Participants and踊ethods

10 Participants 

11 Inclusion criteria are people who have beeηclinically diagnosed with type 2 diabetes at 

12 Nara Medical University Hospital between June 1981 and December 2014 and who need to 

13 be differentiated from other renal diseases. For example, patients with high urine protein 

14 levels, with hematuria, or with a ve1y rapid decline in renal function. Exclusion criteria were 

15 those with insu育icientglomeruii for diagnosis or diagnosis other than diabetic nephropathy, 

16 and missing data for analyses. 

17 The study protocol was approved by the Nara Medical University Ethics Committee 

18 (No. 2005-18) and registered in the University Hospital Medical Information Network (UMIN) 

19 clinical trial. registry (UMIN000031121). Informed conseηtw部 obtainedfrom the pa出cipants.

20 



1 Clinical examinations 

2 Baseline demographics and laboratory results of the pa而cipantsat the time of biopsy were 

3 obtained by chart review. Hypertension was defined as systolic blood pressure >140 mmHg, 

4 diastolic blood pressure > 90 mmHg, or current use of antihypertensive drugs. 

5 Dyslipidaemia was defined as low-density lipoprotein cholesterol (LDL-C) >3.6 mmol/L, 

6 high-density lipoprotein cholesteroi (HDL・C)<1.0 mmol/L, triglyceride (TG) >1.7 mmol/L, 

7 or taking a lipid-lowering agent. Hyperuricaemia was defined as uric acid level >416.4 

8 μmol/L or current use of anti-hyperuricaemic drugs. eGFR was calculated by the equation 

9 developed for Japanese [9]. Serum creatinine values measured by the Jaffe method were 

10 converted to values for the enzymatic method by sub廿acting18.3”mol/L [10]. HbA1c levels 
11 are presented as National Glycohemoglobin Standardization Program values according to 

12 the recommendations of the Japanese Diabetic Society [11] and International Federation of 

13 Clinical Chemistry [12). 

14 

15 Renal biopsy and pathological examinations 

16 The indications for renal biopsy were one or more of the following: proteinu巾＞0.5

17 g/day, persistent haematuria, and elevated serum creatinine level with a diagnosis of 

18 diabetes. Histologic examinations were peげormedindependently by at least two renal 

19 pathologists, with differences resolved by consensus. 

20 In accordance with the guidelines of the Research Committee of the Renal Pathology 

21 Society [4], vascular lesions were categorised based on the severity of arteriolar hyalinosis 

22 and atherosclerosis in large arteries.机leevaluated arteriolar hyalinosis in small arterioles 



1 with <150固いmdiameter [13] (Figure 1A and 1C). Arteriolar hyalinosis was scored O if no 

2 arteriolar hyalinosis was present, 1 if at least one area of aはeriolarhyalinosis was present, 

3 and 2 if more than one area of arteriolar hyalinosis was present. We also evaluated 

4 atherosclerosis in double-layered large 制 erieswith 150胸 299-μmdiameter, corresponding to 

5 intertobular and segmental arteries (Figure 1Band1 D). Atherosclerosis in large arteries was 

6 scored O if no intimal thickening was present, 1 if intimal thickening was less than the medial 

7 thickness, and 2 if intimal thickening was greater than the medial thickness理仏leultimately 

8 classified the 377 people into 2 groups based on the absence or presence of at least one 

9 area of arteriolar hyalinosis. They were also divided into 2 groups according to the absence 

10 or presence of intimal thickening in large arte巾 s.We also quantitatively measured intimal 

11 and medial thicknesses and lumen diameter of large arteries (BZ-X710, Keyence, Osaka, 

12 Japan). 

13 Glomerular lesions were classified as follows: Class I, characterised by thickening of 

14 the glomerular basement membrane as detected by electron microscopy; Classes Ila and lib, 

15 mild and severe mesangial expansion, respectively; Class 111, nodular sclerosis with <50弘

16 global glomerulosclerosis; and Class IV, >50% global glomerulosclerosis. We did not include 

17 Class I people, because the renal tissues were not examined by electron microscopy. Those 

18 with Class Ill or IV were combined, as both had Kimmelstiel-Wilson lesions. The current study 



1 compared the risk of adverse events between people with Classes llb-IV and Class Ila. 

2 Based on the guidelines of the Renal Pathology Society [4], severity of IFTA was graded as 

3 follows: O, the biopsy specimen showed no IFTA; 1, <25% IFTA was present; 2 at least 25% 

4 but <50% IFTA was present; and 3, at least 50% IFTA was present. 

5 踊ainoutcomes 

6 Primary endpoints were cardiovascular events consisting of the first occurrence a飴 r

7 biopsy of any of the following: coronary re-vascularisation, fatal or non-fatal acute myocardial 

8 infarction, unexpected hospitalisation due to worsening of congestive heart failure, fatal 

9 arrhythmia, fatal and non-fatal stroke, m司oramputation, and sudden death. Myocardial 

10 infarction was defined as chest pain associated with ST elevation and an increase in cardiac 

11 biomarkers. Coronary re-vascularisation included percutaneous coronary intervention or 

12 coronary artery bypass grafting. Heart failure was defined according to the Framingham 

13 criteria. Stroke was defined as a new fixed neurologic deficit caused by cerebral infarction or 

14 haemorrhage. 

15 Secondary endpoints were ESRD development and all-cause death. ESRD 

16 development was defined as the commencement of long-term dialysis due to renal failure‘ 

17 People were followed up until the end of 2015 or death. Most events were obtained through 

18 a chart review, but death is partly confirmed by telephone interviews with families for those 



1 without routine visits to our hospital. 

2 

3 Statistical analysis 

4 Categorical variables were compared by the Chi-square test or Fisher’s exact test as 

5 appropriate, and contim』ousvariables were compared using the unpaired t-test, Mann-

6 Whitney U test, analysis of variance, or Kruskal-Wallis H test, as appropriate. Survival curves 

7 were obtained using the Kaplan-Meier method and compared by a log-rank test. The Cox 

8 proportional hazard model was used to calculate HRs and 95% confidence intervals (Cls）‘ 

9 In Cox regression analysis, model 1 was initially adjusted for age and sex. Model 2 

10 consisted of model 1 plus risk factors including hypertension, dyslipidaemia, hyperuricaemia, 

11 smoking, and body mass index. Model 3 consisted of model 2 plus haemoglobin, fasting 

12 blood sugar, eGFR, and proteinuria. Model 4 consisted of model 3 plus renin-angiotensin 

13 system blockers and diabetes treatment. We further assessed the robustness of other results 

14 using a sensitivity analysis. 

15 AP-value <0.05 was considered to indicate statistical sign師団nee.All analyses were 

16 performed using JMP 10.0.2 (SAS Institute Inc., Cary, NC). 

17 

18 Results 



1 Patient profiles and vascular lesions 

2 There were 4379 renal biopsies peげormedat Nara Medical University Hospital 

3 between June 1981 and December 2014. 525 biopsies related to people with type 2 diabetes; 

4 of these, 81 were excluded because of inadequate samples or absence of pathologically 

5 diagnosed diabetic nephropathy, and 67 were excluded due to missing data for analyses, 

6 leaving 377 for analysis (Figure 1, 2). 

7 The baseline characteristics are shown in Table 1 and Supplemental Table 1. 

8 Median age was 60 yea陪， and63% were men. 

9 Aはeriolarhyalinosis and arterial intimal thickening were present in 331 (88%) and 295 

10 (79%) people, respectively. Rega『dingglomerular lesions, 217 people were classified as 

11 Class Ila, 34 as Class llb, and 126 as Classes Ill-IV. Thirty-three people had no IFTA, 235 

12 with <25% IFTA, 65 with 25%”50% IFTA, and 77 with >50% IFTA. Median follow-up of 5.9 

13 years (IQR 2.0 to 13.5). Cardiovascular events and ESRD, and death developed during 

14 follow-up in 149 (58.6 events/1000 pe陪on-years)and 68 (22.4 events/1000 person-years), 

15 15 (15.2 events/1000 person-years) people, respectively (Table 2). 

16 Multivariate logistic regression analysis showed that arteriolar hyalinosis was 

17 significantly associated with systolic blood pressure and proteinuria (Supple問entalTable 2). 

18 There was also an independent relation between intimal thickening in large arteries and both 



1 eGFR and proteinuria. 

2 

3 Cardiovascular events 

4 During the entire follow-up period，関rdiovasculareventsoccurred in 135 of 331 (57.5 

5 events/100むperson噌.years)people and 14 of 46 (29 .3 events/1000 person鴨 years)people with 

6 and without arteriolar hyalinosis, respectively, and in 115 of 295 (50.1 events/1000 person-

7 years) people and 34 of 82 (56.0 events/1000 person-years) people with and without intimal 

8 thickening in large aはeries,respectively (Table 2). This corresponded to unadjusted HRs of 

9 2.05 (95% Cl (1 .22,3.72); P=0.005) and 1.05 (95% Cl (0.72, 1.56)) in people with arteriolar 

10 hyalinosis and arterial intimal thickening, respectively (Table 3) (Figure 3A and 38). In a 

11 multivariate Cox proportional hazard model, the fully adjusted HR for cardiovascular events 

12 in people with arteriolar hyalinosis compared to those without was 1.99 (95% Ci (1.12,3.86)) 

13 （τable 3); however, intimal thickening in large 剖 eriesremained statistically nonsignifi伺 nt.

14 By classification of glomerular lesions, cardiovascular events occurred in 92 of 217 

15 (42%) people withむlassIla, 12 of 34 (35悦） with Class lib, and 45 of 126 (36%) with Class 

16 111-!V. Class llb-IV people tended to experience more cardiovascular events than Class Ila 

17 people (P=0.093 by the !og-ranlく test)(F1翠ure3C), and the fully adjusted HR for 

18 cardiovascular events in Class l!b-IV people, as compared with Class Ila people, was 1.57 



1 (95% Cl (0.88,2.79)) (Table 3). In the crude model, IFTA was sign術cantlyassociated with 

2 伺 rdiovascularevents with HR of 1.43 (Figure 30) (95% Cl (1.00,2.02); P=0.049), but this 

3 relationship was attenuated in the fully adjusted model (HR, 0.98; 95% Cl (0.61, 1.55)). 

4 The sensitivity analyses showed similar results, when we restricted the analysis to 

5 people who enrolled since 1990 and who were followed for at least 1 and 3 yea陪 after

6 enrolment, and when C-reactive protein, glycated haemoglobin, urine protein-to-creatinine 

7 ratio, and diabetic retinopathy were included in the fully adjusted model (Table 4). 

8 

9 Development of ESRD 

10 The co-primary endpoint of ESRD occurred in 64 of 331 (25.7 events/1000 pe向。n-

11 years) people with arteriolar hyalinosis and 55 of 295 (23.9 events/1000 pe陪onγea陪）

12 people with intimal thickening in large arteries, respectively. We found a significant 

13 association between arteriolar hyalinosis and ESRD incidence, with a crude HR of 3.04 (95% 

14 Cl (1.25, 10.0); P=0.012) (Supplemental Figure 1A). This relationship remained statistically 

15 signi罰cantwhen adjusted for Model 1 covariates but lost its si伊 ificancewhen adj附 ingfor 

16 additional covariates, including hypertension, fasting blood sugar, eGFR, and proteinuria 

17 (Supplemental Table 3). However, the presence of intimal thickening in large arteries was 

18 consistently not associated with ESRD incidence either without or with covariate adjustment 



1 (Supplemental Figure 18, Supplemental Table 3). 

2 ESRD development occurred in 48 of 126 (38%) people with Class Ill-IV glomerular 

3 lesions, 9 of 34 (26%) people with Class llb lesions, and 11 of 217 (5%) people with Class 

4 Ila lesions. Kaplan-Meier analysis revealed that people with Class llb-IV glomerular lesions 

5 experienced a hiョherESRD incidence than those with Class Ila lesions (P<0.001) 

6 (Supplemental Figure 1C). A multivariate Cox proportional hazard model demonstrated a 

7 fully adjusted HR of 5.50 (95% Cl (2.41, 13.5); P<0.001) for ESRD development in people 

8 with Class lib and Ill-IV lesions, as compared to those with Class Ila lesions (Supplemental 

9 Table 3). A strong association between IFTAand ESRD was also observed in both crude and 

10 adjusted models (Supplemental Figure 10, Supplemental Table 3). In the fully adjusted 

11 model, participants with at least 25% IFTA exhibited a 3.47-fold higher risk of ESRD than 

12 those with <25% IFTA. 

13 

14 A/I-cause mortality 

15 Deaths from all causes occurred in 3 of 46 (5.3 events/1000 person”years) people 

16 ve陪us47 of 331 (17.3 events/1000 person・years)people without and with arteriolar 

17 hyalinosis, respectively {Table 2). As shown in Supplementalτable 4, arteriolar hyalinosis, 

18 but not intimal thickening in large arteries, was independently associated with all-cause 



1 mortali旬.When adjusting for all covariates, however, neither IFTA nor glomerular lesions 

2 were associated with all-cause mortality. 

3 

4 Intimal thickness modelled as a continuous value and outcomes 

5 Next, we assessed the relationship between intimal thickness modelled as a 

6 continuous value and outcomes. Median intimal, medial, and luminal diamete陪 were19 μm 

7 (IQR 7 to 38), 20 μm (IQR 14 to 28), and 65 μm (IQR 41 to ・103), respectively. In the fully 

8 adjusted model, intimal diameter was not associated with cardiovascular events with HR of 

9 0.99 (95% Cl (0.99, 1.00); P=0.618). Similar results were obtained in intima-to-media ratio 

10 (HR, 0.72; 95% Cl (0.42,1.41)) and intima-to-lumen ratio (HR, 0.95; 95% Cl (0.76,1.03); 

11 P=0.336). We also did not find any relationship of these values with ESRD and all-cause 

12 moはality.

13 

14 Discussion 

15 The present study showed that, among the diabetic nephropathy vascular lesions, 

16 arteriolar hyalinosis, but not arterial intimal thickening, was strongly associated with 

17 cardiovascular events and all-cause mortality, independent of clinical risk factors. Sensitivity 

18 analyses further s廿engthenedthe robustness of the present findings. However, we did not 



1 find a signifi伺 ntrelationship between these vascular lesions and ESRD development. 

2 Contrarily, the severity of both glomerular and interstitial lesions was independently 

3 associated with ESRD development, but not cardiovascular event development. Therefore, 

4 these data indicate that vascular, glomerulaに andinterstitial lesions differ in clinical 

5 signi百cance,and furthermore, among the vascular lesions of diabetic nephropathy, arteriolar 

6 hyalinosis and arterial intimal thickening differ in this regard as well. Each type of diabetic 

7 nephropathy lesion, including arteriolar hyalinosis and arterial intimal thickening, may differ 

8 pathogenetically. 

9 The present study does not clarify why people without arteriolar hyalinosis have a low 

10 risk of cardiovascular events. When comparing people with and without arteriolar hyalinosis, 

11 the latter are younger and have lower frequencies of hypertension and diabetic retinopathy, 

12 lower systolic blood pressure, higher eGFR, and a lower urine protein-to”creatinine ratio. 

13 These characteristics would seem to place them at lower risk of cardiovascular events. 

14 However, our data showed that arteriolar hyalinosis was significantly associated with 

15 cardiovascular events even a世erfull adjustment for these clinical paramete同， suggesting

16 that arteriolar hyalinosis is a strong and distinct risk factor for cardiovascular events. 

1 7 The cardiovascular event rates were approximately 58 and 29 per 1000 person-years 

18 in people with and without arteriolar hyalinosis, respectively. Thus, people with diabetic 



1 れephropathyare at extremely high「iskof cardiovascular events [14], especially those with 

2 arteriolar hyalinosis, who comprised >85% of people with diabetic nephropathy in the present 

3 study. Given that systolic blood pressure is closely correlated with the presence of arteriolar 

4 hyalinosis, strict blood pressure control might be important to prevent development and 

5 progression of these lesions and therefore also cardiovascular events, as shown in ea市町

6 investigations [15, 16]. 

7 We assessed hyalinosis in small arterioles with <150-μm diameters, and intimal 

8 thickening in double-layered large arteries with ・150-300田 μmdiameters. Hyalinosis of 

9 arterioles withく150-μmdiameter is not only observed in diabetic nephropathy, but also 

10 sometimes in other glomerulonephritis such as nephrosclerosis, although the hyalinosis of 

11 efferent arterioles, whose diameters are always <150-μm, is assumed to be relatively speci百c

12 to diabetic nephropathy [17]. A few prior studies have used biopsied or autopsied samples to 

13 investigate the relationship between high blood pressure and arteriolar hyalinosis [18-20}. 

14 Two of these reports showed a weak correlation between hypertension and intimal thickening 

15 in smaller arte討es[19,20]. In the present study, systolic blood pressure was strongly related 

16 to arteriolar hyalinosis but not to intimal thickening in large arteries. The nature of the causal 

17 relationship behNeen hypertension and arteriolar hyalinosis has not yet been clarified. 

18 However, possible mechanisms include the status of arterioles as so伺 c.alled「esistance



1 aパeries,and also endothelial dysfunction [21.22]. Endothelial dysfunction is strongly 

2 associated with the progression of atherosclerosis and worsening of heaはfailure[23]. 

3 However, we found no association between intimal thickness in large arteries of the kidneys 

4 and cardiovascular events. The pathogenesis of arterial intimal thickness may va叩 among

5 organs, including the heart, brain, and kidneys. There is a striking regional and segmental 

6 heterogeneity in the e汗ectof the endothelial cell layer on the peripheral vascular tone [24]. 

7 The endothelium of large arteries has a greater nitric oxide synthase activity than that of 

8 smaller arteries [25]. Taken togetheにhypertensiveinju叩 ofresistance arterioles <150-μm 

9 diameter is more strongly associated with future cardiovascular events and mortality than 

10 that of larger arteries in people with diabetic nephropathy. 

11 We know of only one previous report, by Shimizu et al., that investigated the 

12 relationship between renal histological findings and cardiovascular events in people with 

13 biopsy-proven diabetic nephropathy [5]. which revealed that systolic blood pressure and 

14 arterial intimal thickening, but not arteriolar hyalinosis, were significantly associated with 

15 cardiovascular events. Although the reason for the discrepancy with our own findings is not 

16 clear, one possible explanation is the criteria used for diabetic vascular lesions. Shimizu et 

1 7 al. used the old crite到iaby Takazakura et al [26]. that did not focus on the vascular diameter 

18 of affected arteries or arterioles. 



1 We confirmed the行ηdingsof ea尚erstudies [5・7]that both g!omerular and interstitial 

2 lesions were strong predictors of ESRD. However, arteriolar hyalinosis and arterial intimal 

3 thickening did not predict renal outcomes. An observational study showed that vascular 

4 indexes classified according to the description by Tervaert et al. [4} did not have any impact 

5 on renal outcomes, underscoring the necessity of rede告ningsuch indexes [7]. The 

6 relationship be伽eenvascular lesions and renal events remains controversial; therefore, 

7 further research is needed. 

8 Several limitations were noted. First, this was a relatively small-sized, single-cent陪，

9 「etrospectivestudy that included only Japanese people. However, this study was larger and 

10 had a longer follow-up pe付od than other cohort studies of biopsy噌 provendiabetic 

11 nephropathy [5-7]. Second, this siudy did not include people with Class I diabetic 

12 nephropathy according to the recent classification system of the Renal Pathology Socie旬［4],

13 because this diagnosis, which 「equireselectron microscopic examination, was not used at 

14 the beginning of our investigation. Third, we evaluated vascular lesions in small arterioles 

15 and large arteriesヲ butit remains unclear whether these data were obtained from similar 

16 vascular beds in all p制 icipants.Fourth, we analysed the effect of only baseline medical 

17 treatment on clinic.al outcomes and did not follow medical treatment strategies for diabetic 

18 nephropathy, which changed significantly du同ngthe ・follow幽 upperiod. Fi托h,for patients who 



1 discontinued visits to the hospital, we confirmed their prognoses with the patients 

2 themselves or a family member by letter or telephone interview‘However, we could not 

3 confirm the prognosis of every patient, which is a sou「ceof potential bias in this study. 

4 Sixth, we excluded the 36 people whose medical records were discarded and the 31 

5 people whose renai biopsy tissue could not be evaluated because it did not contain 

6 arterioles. Selection bias could not be ruled out for the 36 people whose medical records 

7 were discarded. We compared age, sex, urinary protein, eGFR, blood pressure, 

8 arte『iolarhyalinosis, glomerular lesions, and IFTA between the 31 people who were 

9 excluded because the renal biopsy tissue could not be evaluated due to a lack of 

10 arterioles and the 377 people in this study‘However, age, sex, eGFR, systolic blood 

11 pressure, proteinuria dipstick, and histologiぬ ichange (arteriolar hyaiinosis, glomerular 

12 lesions, and !FTA) between two groups were not significantly di宵erent.

13 The 31 people who were excluded because their re問 lbiopsy tissue could not be 

14 evaluated due to a lack of arterioles tended to have more urinary protein, lower eGFR, 

15 and more severe aはe1ioiarhyalinosis, glomerular lesions, and IFTA, although the 

16 di宵erenceswere not significant. 

17 In conclusion, arteriolar hyalinosis but not intimal thicl¥.en!ng in large a「te1ieswas 

18 strongly associ忍ted'Nith cardiovascular events in people with dia!Jetic nephropathy. 
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Figure 2. Flowchart 
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Figure 3. Kaplan開 Meyercurves of the cardiovascular Events 
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Supplemental Figure 1 Kaplan-Meyer curves of ESRD 
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