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ESM Table 1. Bivariate associations between sphingomyelin and baseline variables.

Variable Pearson’s correlation | p value
coefficient
Age 0.12 <0.001
Diabetes duration 0.12 <0.001
Age at diabetes onset -0.02 0.5
BMI 0.07 0.02
Height -0.14 <0.001
Waist-to-hip ratio -0.04 0.15
Systolic blood pressure 0.10 0.001
HbA1c 0.18 <0.001
Total cholesterol 0.58 <0.001
HDL-cholesterol 0.10 0.002
Serum triacylglicerols 0.22 <0.001
eGFR -0.11 0.001
UAER 0.21 <0.001




ESM Table 2. Baseline data of the cohort studied according to the highest and lowest quartile of

sphingomyelin concentration.

Characteristic

highest sphingomyelin
quartile

lowest sphingomyelin
quartile

N

272

271

Sex (M/F, %)

47/53

62/38*

Age at diabetes onset (years)

14.1 (9.0, 21.3)

14.1 (9.2, 22.6)

Diabetes duration (years)

24.2(15.7, 32.6)

18.7 (9.2, 30.9)*

Current/ex/never smokers (%)

33/25/42

24/21/55*

BMI (kg/m?)

25.0(22.7, 27.8)

24.1(22.5, 26.4)*

Waist-to-hip ratio

0.86 +0.08

0.87 £0.07

Systolic blood pressure (mmHg)

134 (122, 146)

132 (121, 140)*

Diastolic blood pressure (mmHg)

80 (72, 86)

78 (71, 83)*

Insulin dose (1U/kg)

0.67 (0.54, 0.83)

0.67 (0.50, 0.83)

HbA:. (mmol/mol)

72.7 (60.7, 83.9)

65.0 (55.2, 74.9)*

HbA:. (%) 8.8(7.7,9.8) 8.1(7.2,9.0)*
eGFR (ml/min/1.73m?) 98 (75, 112) 109 (96, 120)*
Normoalbuminuria (%) 56 80*
Microalbuminuria (%) 16 13*
Macroalbuminuria (%) 28 7*

Lipid lowering medication (%) 12 14

Blood pressure lowering medication | 47 31*

(%)

Retinal laser treatment (%) 37 23*

Serum cholesterol (mmol/I) 5.6 (5.0, 6.1) 4.2(3.8,4.7)*
HDL-cholesterol (mmol/l) 1.4(1.1,1.7) 1.3(1.1,1.5)*




Triacylglycerols (mmol/l) 1.2 (0.9, 1.8) 0.9(0.7, 1.3)*
Serum sphingomyelin (CU)# 0.58 (0.54, 0.63) 0.37(0.34, 0.39)

#NMR measures are provided in CU that are based on the trimethylsilyl propanoic acid reference signal. Data are
presented as mean + standard deviation or as median (25%, 75" percentile), as appropriate. * stands for p value <0.05

for variables with significant difference between the 2 groups of sphingomyelin (SM) level.



ESM Table 3. A. Multivariable linear regression model for annual percentage change in eGFR
(ml/min/1.73 m?/year). Adjusted R? of the model 0.183; p value <0.001.

Variable B coefficient 95% ClI B p value
f‘:‘i;ﬁ)m sphingomyelin (15D increase in -0.012 -0.016;-0.008 | -0.172 | <0.001
Sex (male=1) -0.002 -0.011; 0.007 -0.014 | 0.66
Diabetes duration (years) 0.000 -0.001; 0.000 -0.058 | 0.11
Age at diabetes onset (years) 0.000 0.000; 0.001 0.047 0.16
Smoking (current vs. never) -0.001 -0.010; 0.009 -0.005 0.88
Smoking (ex vs. never) -0.005 -0.016; 0.005 -0.029 | 0.32
Systolic blood pressure (mmHg) -0.001 -0.001; 0.000 -0.184 | <0.001
HbA1c (mmol/mol) -0.001 -0.001; 0.000 -0.130 | <0.001
BMI (kg/m?) 0.003 0.001; 0.004 0.134 | <0.001
HDL-cholesterol (mmol/L) 0.032 0.021; 0.044 0.181 | <0.001
Triacylglycerols (mmol/L) -0.012 -0.017; -0.006 -0.137 | <0.001
Constant 0.017 -0.034; 0.069 0.51

#NMR measures are provided in CU that are based on the trimethylsilyl propanoic acid reference signal.
B coefficient - the unstandardised regression coefficient, 3 - a standardised regression coefficient.

B. Multivariable linear regression model for annual percentage change in eGFR (ml/min/1.73

m?/year), adjusted for the baseline eGFR. Adjusted R? of the model 0.329; p value <0.001.

Variable B coefficient 95% ClI B p value
Serum sphingomyelin (1SD increase in

CU” -0.008 -0.012; -0.004 | -0.116 | <0.001
baseline eGFR (ml/min/1.73m?) 0.001 0.001; 0.001 0.479 | <0.001
Sex (male=1) -0.012 -0.020; -0.004 -0.089 | 0.002
Diabetes duration (years) 0.001 0.001; 0.001 0.195 | <0.001
Age at diabetes onset (years) 0.001 0.001; 0.002 0.155 | <0.001
Smoking (current vs. never) -0.003 -0.012; 0.005 -0.020 | 0.46
Smoking (ex vs. never) 0.002 -0.008; 0.011 0.009 0.74
Systolic blood pressure (mmHg) 0.000 -0.001; 0.000 -0.116 | <0.001
HbAlc (mmol/mol) -0.001 -0.001; 0.000 -0.149 | <0.001
BMI (kg/m?) 0.002 0.001; 0.004 0.127 | <0.001
HDL-cholesterol (mmol/L) 0.024 0.013; 0.034 0.134 | <0.001
Triacylglicerols (mmol/L) -0.008 -0.013; -0.003 -0.091 | 0.002
Constant -0,167 -0.219; -0.114 <0.001




#NMR measures are provided in CU that are based on the trimethylsilyl propanoic acid reference signal.

B coefficient - the unstandardised regression coefficient, 3 - a standardised regression coefficient.

C. Binary logistic regression models for variables associated with the 25% fastest eGFR decline
(vs. all others) according to the baseline eGFR below or above 60 or 90 ml/min/1.73m?,

Variable eGFR >90 ml/min/m? | 60 < eGFR < 90 eGFR <60 ml/min/m?
ml/min/m?
n=142/794 n=42/196 n=59/97
OR (95%CI) | p OR (95%CI) | p OR (95% CI) p
value value value

Serum sphingomyelin (1SD 1.32 (1.05- 0.019 | 0.93 (0.63- 0.71 1.84 (1.01- 0.04

increase in CU¥) 1.65) 1.38) 3.37) 7

Sex (male=1) 1.88 (1.19- 0.007 | 1.16 (0.51- 0.73 0.80 (0.22- 0.73
2.99) 2.62) 2.90)

Diabetes duration (years) 1.01 (0.99- 0.42 1.03 (0.99- 0.13 0.98 (0.92- 0.60
1.03) 1.08) 1.05)

Age at diabetes onset (years) 0.98 (0.95- 0.18 1.02 (0.97- 0.44 0.98 (0.89- 0.58
1.01) 1.07) 1.07)

Smoking (current vs.never) 1.08 (0.68- 0.75 1.06 (0.38- 0.91 2.15(0.34- 0.42
1.69) 2.99) 13.83)

Smoking (ex vs. never) 1.02 (0.59- 0.94 1.00 (0.40- 0.99 1.18 (0.34- 0.79
1.78) 2.50) 4.12)

Systolic blood pressure (mmHg) 1.00 (0.99- 0.95 1.01 (0.99- 0.45 1.01 (0.98- 0.58
1.02) 1.03) 1.03)

HbAlc (mmol/mol) 1.02 (1.01- 0.03 1.03 (1.00- 0.05 1.04 (1.00- 0.09
1.03) 1.06) 1.08)

BMI (kg/m?) 0.91 (0.85- 0.003 | 0.92 (0.82- 0.18 0.98 (0.84- 0.80
0.97) 1.04) 1.14)

HDL-cholesterol (mmol/L) 0.39 (0.21- 0.004 | 0.43(0.15- 0.12 | 0.24(0.04- 0.11
0.74) 1.26) 1.37)

Triacylglicerols (mmol/L) 1.35 (1.05- 0.018 | 1.45(0.81- 0.21 | 0.61(0.30- 0.16
1.73) 2.60) 1.21)

#NMR measures are provided in CU that are based on the trimethylsilyl propanoic acid reference signal.

B coefficient - the unstandardised regression coefficient, [} - a standardised regression coefficient.




eGFR halving

eGFR<15
ml/min/1.73m2

eGFR halving and
eGFR<15
ml/min/1.73m?2

eGFR decrease of
>20
ml/min/1.73m?

eGFR halving or
decrease of >20
ml/min/1.73m?2

eGFR decrease of
>25% and change
of CKD stage

n=100 n=87 n=73 n=222 n=234 n=176
Variable OR(95% |p OR(95% |p OR(95% |p OR(95% |p OR (95% p OR (95% p
Cl) value | Cl) value | Cl) value | Cl) value | Cl) value | Cl) value
Serum 1.53 0.001 | 1.85 <0.00 | 1.67 <0.00 | 1.28 0.005 | 1.33 0.001 | 1.37 0.002
sphingomyelin | (1.20- (1.41- 1 (1.26- 1 (1.08- (1.12- (1.13-
(1SDincr. in 1.96) 2.43) 2.20) 1.52) 1.58) 1.67)
CuU)
Sex (male=1) 1.17 0.56 0.77 0.37 0.83 0.54 1.32 0.12 1.23 0.24 0.93 0.72
(0.69- (0.43- (0.45- (0.93- (0.87- (0.62-
1.98) 1.36) 1.51) 1.89) 1.75) 1.40)
Diabetes 1.05 <0.00 | 1.03 0.028 | 1.03 0.027 | 1.01 0.31 1.01 0.15 1.05 <0.00
duration (1.02- 1 (1.00- (1.00- (0.99- (1.00- (1.03- 1
(years) 1.07) 1.06) 1.06) 1.02) 1.03) 1.07)
Age at diabetes | 0.98 0.16 0.98 0.229 | 0.98 0.32 0.98 0.13 0.98 0.10 1.00 0.74
onset (years) (0.95- (0.94- (0.95- (0.96- (0.96- (0.98-
1.01) 1.01) 1.02) 1.01) 1.00) 1.03)
Smoking (curr. | 1.18 0.55 0.99 096 |091 0.77 1.12 0.54 1.05 0.78 1.08 0.75
vs.never) (0.68- (0.53- (0.47- (0.77- (0.72- (0.69-
2.07) 1.84) 1.75) 1.64) 1.54) 1.69)
Smoking (ex vs. | 1.25 0.46 1.41 0.29 1.40 0.32 1.00 0.98 1.10 0.66 1.37 0.18
never) (0.69- (0.74- (0.72- (0.66- (0.73- (0.87-
2.26) 2.66) 2.71) 1.53) 1.65) 2.18)
Systolic blood 1.02 0.034 | 1.03 <0.00 | 1.02 0.003 | 1.00 0.69 1.00 0.59 1.01 0.043
pressure (1.00- (1.02- 1 (1.01- (0.99- (0.99- (1.00-
(mmHg 1.03) 1.05) 1.04) 1.01) 1.01) 1.02)
HbA. 1.04 <0.00 | 1.03 <0.00 | 1.04 <0.00 | 1.02 <0.00 | 1.02 <0.00 | 1.04 <0.00
(mmol/mol) (1.03- 1 (1.01- 1 (1.02- 1 (1.01- 1 (1.01- 1 (1.03- 1
1.06) 1.05) 1.06) 1.03) 1.03) 1.05)
BMI (kg/m?) 0.93 0.028 | 0.89 0.002 | 0.92 0.039 | 0.97 0.23 0.96 0.10 |0.93 0.015




(0.86- (0.82- (0.85- (0.93- (0.92- (0.89-

0.99) 0.96) 1.00) 1.02) 1.01) 0.99)
HDL- 0.33 0.002 | 0.19 <0.00 | 0.29 0.003 | 0.44 0.001 | 0.37 <0.00 | 0.30 <0.00
cholesterol (0.16- (0.08- 1 (0.13- (0.27- (0.23- 1 (0.17- 1
(mmol/L) 0.66) 0.42) 0.65) 0.72) 0.61) 0.53)
Triacylglicerols | 1.54 0.001 | 1.58 0.001 | 1.55 0.001 | 1.29 0.010 | 1.32 0.006 | 1.58 <0.00
(mmol/L) (1.20- (1.20- (1.19- (1.06- (1.08- (1.26- 1

1.97) 2.07) 2.03) 1.56) 1.61) 1.97)

ESM Table 4. Binary logistic regression models showing the association of serum sphingomyelin with eGFR decrease, defined in

different ways




ESM Table 5. Cox regression models presenting the HRs for serum sphingomyelin as a risk

factor for albuminuria progression.

Progression to microalbuminuria

Progression to macroalbuminuria

(n =134/778) (n =46/148)
Model HR* (95% CI) p value HR* (95% CI) p value
Model 1: Serum sphingomyelin 1.14 (0.95, 1.35) 0.16 2.19 (0.42, 11.41) 0.4
Model 2: Model 1 + sex + age of | 1.21 (1.01, 1.46) 0.05 2.27 (0.45, 11.41) 0.3
diabetes onset + diabetes
duration + smoking
Model 3: Model 2 + systolic 1.20 (0.99, 1.45) 0.06 2.28 (0.45, 11.47) 0.3
blood pressure
Model 4: Model 3 + HDL- 1.26 (1.04, 1.53) 0.02 2.20 (0.44, 11.05) 0.3
cholesterol
Model 5: Model 4 + 1.10 (0.91, 1.33) 0.3 1.15 (0.23, 5.91) 0.9
triglycerides
Model 6: Model 5 + BMI 1.10 (0.91, 1.33) 0.3 1.06 (0.20, 5.61) 0.9
Model 7: Model 6 + HbA1c 0.97 (0.79, 1.19) 0.8 0.50 (0.09, 2.96) 0.4
Model 8: Model 3 + BMI + 1.01 (0.82, 1.24) 0.9 1.04 (0.74, 1.46) 0.8
HbAlc

*Reported HR increase corresponds to a one standard deviation (SD) increase in sphingomyelin

level.

Progression rate to microalbuminuria — 134 individuals out of 778 with baseline
normoalbuminuria, resulting in a progression rate of 20.2 per 1,000 person-years. Progression
rate to macroalbuminuria was 46 individuals out of 148 with baseline microalbuminuria, resulting
in a progression rate 1.1 per 1,000 person-years.




ESM Table 6. Cox regression models for death and ischemic stroke risk factors in dependence on
serum sphingomyelin level.

Model  Variables included Death Stroke
(97/1087) (60/1087)
HR* (95% CI) p HR* (95% CI) p
value value
Serum sphingomyelin 2.15(0.82, 5.63) 0.1 1.10 (0.87, 1.39) 0.4
1
2 1 + gender + age of diabetes 1.14 (0.40, 3.23) 0.8 1.04 (0.81, 1.32) 0.8
onset + diabetes duration +
smoking

*Reported HR increase corresponds to a one standard deviation (SD) increase in sphingomyelin
level. The incidence rate for stroke was 4.3 per 1,000 person-years (60 individuals experienced
incident stroke from 1087 included) and mortality rate was 6.7 per 1,000 person-years (97
subjects died from 1087 included in the study).




ESM Fig. 1. ROC curve for serum sphingomyelin and serum sphingomyelin alone or on top of
urinary albumin excretion rate (UAER) compared to UAER alone as a predictor of the fastest

25% eGFR decline.
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