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CKm Stage Recommendations

CKM 1

Weight management:
Consider pharmacotherapy when BMI > 30 kg/m?

CKM 2

CKM 3

Elect evidence-based medications based on risk factors:
Antihypertensives: ACEi/ARB;

Lipid management: statins, fibrates, EPA;

Diabetes management: SGLT2i, GLP-1RA, metformin;
CKD management: ACEi/ARB, SGLT2i, etc;

Managing subclinical cardiovascular disease:
statins, PCSK9i, aspirin, GLP-1RA, IPE, ACEi/ARB, B»
blockers, SGLT2i;

CKM 4

1.Aggressive weight management:

Consider pharmacotherapy when BMI>27 kg/m?;
2.Comprehensive management:

lipid regulation, blood pressure control, glycemic
management, CKD management;

3.Diabetic patients, prioritize SGLT2i orGLP-1RA to reduce
the risk of major adverse cardiovascular events (MACE).
4.Patients with concurrent CKD and heart failure, prioritize
SGLT2i.

5.Individuals with HbAlc = 9%, high insulin doses, and BMI
> 35 kg/m’, prioritize GLP-1RA.

6.Patients with multiple CVD may benefit from the
combined use of SGLT2i and GLP-1RA.

ACEI Angiotensin-Converting Enzyme inhibitors; ARB Angiotensin II Receptor Blockers;
EPA Eicosapentaenoic Acid; GLP-1RA Glucagon-Like Peptide-1 Receptor Agonists; PCSK9i
Proprotein Convertase Subtilisin/Kexin Type 9 Inhibitors; IPE Inositol Phosphoglycan
Eicosanoid; CVD cardiovascular diseases.
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Stage Description

Stage 0

No cardio-renal metabolic risk factors.

Normal BMI and waist circumference, normal blood glucose, blood
pressure, and blood lipids.

No evidence of CKD or subclinical/clinical CVD.

Stage 1

Stage 2

Stage 3

Excess/disordered adipose tissue, overweight status or obesity;
abdominal obesity leading to impaired glucose tolerance.

Excess or functionally abnormal adipose tissue.

BMI =25 kg/m? (=23 kg/m” for Asian populations).

Waist circumference >88 cm for women, >102 ¢cm for men (=80/90
cm for Asian women/men).

Fasting blood glucose 100-124 mg/dL or HbAlc 38-46 mmol/mol.
No other metabolic risk factors or CKD.

Presence of metabolic risk factors (hypertriglyceridemia,

hypertension, diabetes, metabolic syndrome) and/or moderate to
high-risk CKD.

Stage 4

CKM with clinical CVD.

Presence of excessive/dysfunctional obesity, other CKM risk factors,
or CKD along with clinical CVD (coronary artery disease, heart
failure, stroke, peripheral arterial disease, atrial fibrillation).

4a ‘ Stage 4 without kidney failure.

4b ‘ Stage 4 with kidney failure.

CKD chronic kidney disease; CVD cardiovascular diseases; HbAlc Glycated Hemoglobin
Alc; BMI is calculated as weight in kilograms divided by height in meters squared (kg/m?).
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CKM stage Grading standards

0 Without any metabolic risk factors or CKD

1 With only visceral fat accumulation

5 CKD without metabolic risk factors or with only visceral
a

fat accumulation

CKD combined with metabolic diseases (hypertension/T2D/

% hyperlipidemia/overweight)

CKD combined with subclinical atherosclerotic cardiovascular
disease (ASCVD) detected by coronary CTA

And/or subclinical heart failure (HF) detected by
echocardiography

And/or CKD classified as high-risk by the KDIGO

guidelines (3)

CKD combined with clinically confirmed cardiovascular
4 disease (coronary heart disease/heart failure/atrial
fibrillation, etc.)

CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic syndrome; T2D, type 2
diabetes; CTA, Computed Tomography Angiography.
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CKD patients who visited the
Department of Nephrology, Xuanwu

Hospital, Capital Medical University
from 2017 to 2019 (n=2214)

Patients who did not have relevant

laboratory or cardiac imaging tests at the

time of visit (n =406)

Patients who met the exclusion criteria:
Had already progressed to ESRD (n=204)
Malignant tumors combined (n=27)

Pregnancy status combined (n=2)

Patients enrolled (n = 1585)

Patients lost to follow-up (n=227)

Patients completed follow-up
(n=1358)
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Q1 (ey] Q3 Q4
(4.84-11.56) (11.56-22.27) (22.27-44. (44.81-219)
n 1679 1680 1679 1680
Ageyear 58.77 (9.56) 59.32 (9.55) 59.88 (9.44) 60.64 (9.90) <0001
Gender,n (%) Female 907 (54.0) 882 (52.5) 866 (51.6) 872 (51.9) 0,500
Male 772 (46.0) 798 (47.5) 813 (48.4) 808 (48.1)
Education,n (%) primary or below 1532 (91.2) 1536 (91.4) 1514 (90.2) 1532 (91.2) 0.615
“‘“::';f:vfh‘ml 147 (8.8) 144 (8.6) 164 (9.8) 148 (8.8)
Marital,n (%) married 1481 (88.2) 1485 (88.4) 1470 (87.6) 1447 (86.1) 0.182
unmarried 198 (11.8) 195 (11.6) 209 (12.4) 233 (13.9)
HTNn (%) no 1061 (63.6) 1020 (60.9) 899 (53.6) 785 (46.9) <0.001
yes 608 (36.4) 654 (39.1) 779 (46.4) 888 (53.1)
DM,n (%) 1o 1500 (89.7) 1460 (87.1) 1387 (82.8) 1310 (78.2) <0.001
yes 173 (103) 216 (12.9) 289 (17.2) 366 (21.8)
DL (%) 1o 1159 (69.8) 970 (58.3) 786 (47.3) 649 (38.9) <0001
yes 502 (30.2) 693 (41.7) 874 (52.7) 1021 (61.1)
CKDin (%) no 1544 (92.5) 1564 (93.3) 1562 (93.4) 1577 (94.0) 0.405
yes 125 (7.5) 113 (6.7) 111 (66) 101 (6.0)
CVDin (%) 1o 1473 (87.7) 1460 (86.9) 1427 (85.0) 1401 (83.4) 0.001
yes 206 (12.3) 220 (13.1) 252 (15.0) 279 (16.6)
MetS.n (%) no 1544 (92.3) 1397 (83.2) 1246 (746) 1071 (64.0) <0.001
yes 129 (7.7) 282 (16.8) 425 (25.4) 603 (36.0)
Ta;zb': ::f:'(';g"' no 1640 (97.7) 1628 (96.9) 1616 (96.2) 1583 (94.2) <0.001
yes 39 (23) 52(3.1) 63 (3.8) 97 (5.8)
Take medicine for
Syperikasions (6 1o 1458 (86.8) 1389 (82.7) 1286 (76.6) 1194 (71.1) <0.001
yes 21 (13.2) 291 (17.3) 393 (23.4) 486 (28.9)
;;:;ZZ:?::({;‘) no 1662 (99.0) 1665 (99.1) 1657 (98.7) 1654 (98.5) 0291
yes 7(10) 15 (0.9) 22(1.3) 26 (1.5)
Li“’j:ai:’;“(’:;)“ Urban Community 495 (29.5) 516 (30.7) 565 (33.7) 616 (36.7) <0001
Rural Village 1184 (70.5) 1164 (69.3) 1114 (66.3) 1064 (63.3)
Annual household
FR 21002.7 (30853.5) 211027 (29291.8) 213045 (45703.2) 221069 (33644.6) 0.882
Mortalityn (%) 1o 1476 (87.9) 1471 (87.6) 1454 (86.6) 1369 (81.5) <0001
yes 203 (12.1) 209 (12.4) 225 (13.4) 311 (18.5)
Smoking,n (%) Ex-smoker 114 (6.8) 146 (8.7) 148 (8.8) 191 (11.4) 0.001
Non-smoker 1025 (61.2) 1005 (59.8) 994 (59.2) 976 (58.2)
smoker 537 (32.0) 529 (31.5) 537 (32.0) 511 (30.5) ‘
Drinking,n (%) no 1061 (63.2) 1095 (65.2) 1158 (69.0) 1169 (69.6) <0.001 \
yes 618 (36.8) 585 (34.8) 521 (31.0) 511 (30.4)
€GFR 107.02 (26.11) 105.74 (26.97) 103.03 (27.49) 10213 (3181) <0001
BMI, kg/m2 2256 (3.31) 2354 (3.70) 2421 (3.72) 2479 (421) <0001
Waist
st 8175 (11.07) 84.13 (11.77) 86.65 (11.70) 88.32 (13.06) <0.001
Sbp,mmHg 12882 (21.22) 13020 (20.77) 13246 (21.63) 135.22 (2221) <0001
Dbp,mmHg 74.73 (12.10) 75.65 (11.86) 76.68 (12.42) 77.94 (12.11) <0.001
hem;l]i::‘e;g i 5.16 (0.68) 5.24 (0.73) 532 (0.87) 542 (099) <0.001
Glucose,mg/dl 104.84 (25.24) 108.37 (30.16) 11261 (40.18) 118.11 (47.88) <0.001
TGmg/dl 105.19 (57.88) 12618 (85.95) 148.28 (110.60) 17033 (154.17) <0001
TCmg/dl 19458 (36.19) 193.42 (37.70) 197.79 (40.03) 194.69 (41.49) 0,009
LDL-C,mg/dl 117.37 (32.51) 118.07 (34.00) 12013 (36.38) 11576 (38.15) 0.004
Creatinine,mg/dl 0.76 (0.18) 0.7 (0.18) 0.80 (0.26) 081 (0.34) <0001
Uric acid,mg/dl 419 (1.18) 439 (121) 458 (1.23) 476 (131) <0001
hs-CRP,mg/L 0.47 (0.15) 0.84 (0.26) 1.50 (0.51) 383 (208) <0.001
HDL-Cimg/dl 58.06 (1451) 5151 (1351) 47.91 (13.56) 4385 (13.10) <0.001

Data were expressed as mean (SD) or n (%).HTN hypertension, DM diabetes, DL dyslipidemia, CKD chronic Kidney Disease, CVD cardiovascular disease, Mets metabolic Syndrome, eGFR
Estimated Glomerular Filtration Rate, BMI body mass index, Sbp systolic blood pressure, Dbp diastolic pressure, TG triglyceride, TC total cholesterol, LDL-C low-density lipoprotein cholesterol,
hs-CRP hypersensitive C-Reactive Protein, HDL-C high-density lipoprotein cholesterol.
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Model 1 Model 2 Model 3
Variables
HR (95%) HR (95%) P value HR (95%) P value
hs-CRP/HDL
1.13 (1.08,1.19) <0.001 1.16 (1.10,1.22) <0.001 1.15 (1.09,1.22) <0.001
per IQR
hs-CRP/
HDL quartile
Q1 ref ref ref
Q2 0.99 (0.81,1.20) 0.90 1.05 (0.84,1.32) 0.65 1.06 (0.84,1.34) 0.63
Q3 1.05 (0.87,1.28) 058 1.19 (0.95,1.49) 0.12 1.17 (0.93,1.47) 0.18
Q4 1.40 (1.17,1.67) <0.001 1.61 (1.30,1.99) <0.001 155 (1.24,1.93) <0.001

‘Table 2 The correlation between hs-CRP/HDL and ten-year mortality risk in CKM syndrome stage 1-4 population.

Model 1: adjusted age, gender.

Model 2 adjusted age, gender, marital, bmi, smoking, drinking, education, Annual household income and Lives in rural or urban.

Model 3: age, gender, marital, bmi, smoking, drinking, education, Annual household income, Lives in rural or urban, DM, HTN, medication history, triglycerides, glucose, Idl cholesterol, uric

acid, total cholesterol and creatinine.
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Variables C-statistic (95% CI) P value IDI (95% Cl) P value Continuous NRI (95% CI) = P value
Baseline risk model 0.753(0.719,0.787) ref ref ‘ ref ref ref
+hs-CRP/HDL 0.760(0.726,0.794) 0.032 0.009(0.0004 - 0.017) ‘ 0.041 0.296 (0.155 - 0.437) <0.001

Baseline risk model: age, gender, education, marital status, current smoking status, DM, BMI, Fasting blood glucose and blood uric acid.
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Univariate COX regression Multivariate COX regression

HR (95%Cl) p value HR (95%Cl) p value
CKM stage
2a  reference reference
2b | 4.388 (1.025-18.786) 0.046 | 2.267 (0.514-9.994) 0.281
3 | 7.096 (1.704-29.549) 0.003 | 3.906 (0.988-16.320) 0.048
4 | 16463 (4.018-67.446) <0.001 = 5.728 (1.329-24.698) 0.019
Gender
female | reference
male | 1.015 (0.701-1.471) 0.935
Age (Y)
<60 | reference reference
260 | 5330 (3.906-9.176) <0.001 = 2.599 (1.525-4.430) <0.001
Cause of CKD
Glomerulonephritis reference reference
Hypertensive nephropathy 5.727 (2.665-12.308) <0.001 | 1.351 (0.729-2.504) 0.34
Diabetic Nephropathy 15.578 (7.284-33.314) <0.001 | 2.326 (1.265-4.279) 0.007
polycystic kidney 14.988 (3.954-56.81) <0001 1.580 (0.352-7.103) 0.551
Other Recorded Diagnoses 4.77 (2.141-10.625) <0.001 = 1.033 (0.542-1.968) 0.923
eGFR (ml/min/1.73m?)
260 reference reference
30-60 2.785 (1.639-4.734) <0.001 | 1.247 (0.713-2.181) 0.44
<30 4.033 (2.193-7.416) <0.001 = 1.153 (0.594-2.238) 0.674
Hb (g/L)
<110 3.869 (2.596-5.766) <0.001 = 2.032 (1.291-3.199) 0.002
=110 reference reference
‘WBC (1079/L) 0.955 (0.870-1.049) 0.334
PLT (1079/L) 0.999 (0.995-1.003) 0.543
Albumin (g/L) ‘
<30 3.488 (2.231-5.454) <0.001 = 3.341 (2.082-5.361) <0.001
230 reference reference
Ca*P (mg?/dl?) ‘
<30 1.577 (0.806-2.390) 0.157
30-39 reference

240 1.309 (0.725-2.364) 0371

24-hour urine protein measurement (g/24h) ‘
<0.15 reference
20.15 0.544 (0.122-1.527) 0.341

LDL-C (mmol/L) ‘

<18 reference reference
1.8-2.6 0.531 (0.283-0.999) 0.061 | 0.84 (0.442-1.597) 0.594
22.6 0.496 (0.248-0.978) 0.050 = 0.702 (0.370-1.334) 0.28
ALT(U/L)
<40 reference
240 0.142 (0.020-1.215) 0.152

CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic syndrome; Hb, hemoglobin; WBC, white blood cells; PLT, platelets; ALT, alanine aminotransferase; LDL-C, Low-Density
Lipoprotein Cholesterol; eGFR, estimated glomerular filtration rate.
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Univariate COX regression Multivariate COX regression

HR (95%Cl) p value HR (95%Cl) p value

CKM stage

2a reference reference

2b 3.06 (1.298-7.211) 0011 2739 (1.157-6.486) 0.022

3 5259 (2.287-12.095) <0.001 1.794 (0.723-4.447) 0207

1 4.113 (1.75-9.669) 0.001 1.699 (0.673-4.292) 0262
Gender

‘woman reference

man 0.744 (0.547-1.311) 0259
age (Y)

<60 reference

260 0.785 (0.577-1.068) 0.123

Cause of CKD

glomerular nephritis reference reference
Hypertensive nephropathy 1.413 (0.926-2.156) 0.109 1.023 (0.639-1.640) 0.923
diabetic nephropathy 1.981 (1.213-3.235) 0.006 1.044 (0.602-1.812) 0.877
polycystic kidney 4.638 (1.824-11.792) 0.001 2.647 (0.996-7.038) 0.049
Other causes 1.717 (1.121-2.629) 0.013 1.056 (0.669-1.669) 0.814
eGFR (ml/min/1.73m?)
260 reference reference
30-60 1.268 (0.825-1.949) 0.278 1.480 (0.881-2.488) 0.139
<30 5.686 (3.738-8.650) <0.001 5.487 (2.946-10.218) <0.001
Hb (g/L)
<110 3.944 (2.824-5.506) <0.001 1.904 (1.279-2.836) 0.002
=110 reference reference
WBC (1079/L) 1.016 (0.948-1.088) 0.651
PLT (10A9/L) 1.002 (1.000-1.005) 0.116

Albumin (g/L)
<30 2.437 (1.604-3.701) <0.001 1.919 (1.220-3.019) 0.005

230 reference reference

Ca*P (mg?/dl?)

<30 0.992 (0.703-1.402) 0.965 1.143 (0.803-1.629) 0.458

30-39 reference reference
240 1.920 (1.259-2.928) 0.002 1.308 (0.848-2.018) 0.225

24-hour urine protein measurement (g/24h) ‘
<0.15 reference
20.15 0.653 (0.402-1.060) 0.105

LDL-C (mmol/L) ‘

<18 reference reference

1.8-2.6 0.464 (0.263-0.820) 0.008 0.519 (0.291-0.928) 0.027

22.6 0.626 (0.361-1.086) 0.096 0.743 (0.425-1.300) 0.298
ALT(U/L)

<40 reference

240 0.938 (0.479-1.837) 0.852

CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic syndrome; Hb, hemoglobin; WBC, white blood cells; PLT, platelets; ALT, alanine aminotransferase; LDL-C, Low-Density
Lipoprotein Cholesterol; eGFR, estimated glomerular filtration rate.
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Items SHR (95%Cl) p value
CKM stage

2a reference

2b 2737 (1.149-6518)  0.023
3 1.805 (0.713-4.565) | 0.212
4 1.578 (0.608-4.095) 0.349

Cause of CKD

glomerular nephritis reference

Hypertensive nephropathy 1.022 (0.613-1.703) 0.933
diabetic nephropathy 1.003 (0.558-1.801) 0.993
polycystic kidney 2.811 (1.176-6.719) 0.020
Other causes 1.159 (0.704-1.911) 0.562

eGFR (ml/min/1.73m2)

<30 4.691 (2.232-9.862) <0.001
30-60 1.324 (0.727-2.411) 0.359
>60 reference

Hb (g/L)

<110 1.664 (1.093-2.535) | 0.018
>110 reference

Albumin (g/L)

<30 1.355 (0.839-2.187) | 0.214
>30 reference

Ca*P (mg2/dl2)

<30 1.0850.765-1.540) 0.647
30-40 reference

>40 1.274 (0.843-1.925) 0.250

LDL-C (mmol/L)

<1.8 reference
1.8-2.6 0.554 (0.308-0.995) 0.048
>2.6 0.791 (0.446-1.403) 0.422

CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic syndrome; Hb,
hemoglobin; LDL-C, Low-Density Lipoprotein Cholesterol; eGFR, estimated glomerular
filtration rate.
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All-Cause mortality Progression to ESRD

Conclusion
N

CKM [n (%)] 67.978 | <001 22497 | <001

2 145 | 143 (11.6) 2(16) ‘ 139 (11.6) 6(37)

2b 459 | 444 (36.0) 15 (12.0) ‘ 418 (35.0) 41(252)

3 432 | 385 (312) 47 (37.6) 359 (30.0) 73 (44.8)

4 322 | 261 (212) 61 (48.8) 279 (23.3) 143 (26.4)
Gender [male, n (%)] 634 (51.4) 69 (55.2) 0.65 | 042
Age (V) 58.50 £17.01 | 57.11+ 1695 izvlzo?m 96.489 | <001 | 58.69 17.22 57.10 £ 15.32 1252 | 0263
Cause of CKD [n (%)] 3385 <001 692 | 0.140

Glomerulonephritis 394 377 (30.6) 17 (13.6) 353 (29.5) 41 (25.2)
ne;’;‘:::;iw 384 | 342 (27.7) 42 (33.6) 338 (28.3) 46 (28.2)

Diabetic Nephropathy 227 | 187 (152) 40 (32.0) 200 (16.7) 27 (16.6)

polycystic kidney 16 | 14 (L1) 2(1.6) 11 (09) 5(3.0)

Other causes 337 | 313 (254) 24(19.2) 293 (24.5) 44 (27.0)

With metabolic comorbidities [n (%)]

hypertension 1052 | 939 (76.2) 113 (90.4) 13192 | <001 | 917 (76.7) 135 (82.8) 3043 0.081

T2D 467 | 401 (32.5) 66 (52.8) 20.683  <.001 = 404 (33.8) 63 (38.7) 1491 | 0222
With ASCVD [n (%)] 322 | 261 (212) 61 (48.8) 47.906 = <.001 & 279 (23.7) 43 (26.4) 0729 | 0.393

With subclinical heart

4 444 369 (29.9) 75 (60.0) 22553 | <001 404 (33.8) 40 (24.5) 0329 0.566
disease [n (%)]
. N 42.05
eGFR (ml/min/1.73m?) 54.80 £27.21 | 56.09 + 27.74 41678 30.883 | <.001 = 56.28 + 26.53 56.27 +29.68 29.887 | <.001
_— 153.66
Creatinine (umol/L) 134.67 £5939 | 13275 + 59.17 -+ soar 14216 | <001 12948 +55.16 17278 £7388 | 80762 | <001
I
113.15
Hb (g/L) 123.87 £22.72 | 124.98 + 22.57 +2147 23.863 | <.001 & 125.11 +22.62 11541 + 21.70 21.099 | <.001
WBC (1079/L) 6.99 +£240 | 7.02 + 2.37 6.80 + 2.67 0.694 | 0.405 = 6.98 +2.413 7.124 £2.324 0.405 | 0.525
210.13
PLT (10A9/L) 213.23 £66.28 | 213.51 £ 64.91 + 7978 0.205 = 0.651 = 211.88 + 66.54 222.48 + 63.89 2.842 | 0.092
24-hour urine protein 0.379
0.360 £0.919 | 0.180 + 0.847 3.402 | 0.065 0.358 +0.903 0.377 + 1.04 0.035 | 0.851
measurement (g/24h) + 0924
Calcium (mg/dl) 8.88 + 1.00 | 8.90 + 1.03 8.66 + 0.670 5.332 | 0.021 = 8.896 +0.994 8.77 + 1.051 2031 | 0.154
Phosphorus (mg/dl) 3.75+0.767 | 3.75 £ 0.777 3.80 £ 0.650 0.342 | 0.559 & 3.738 £ 0.751 3.906 + 0.868 6.187 | 0.013
Ca*P (mgz/dll) 33.56 + 6.71 | 33.62 + 6.75 3293 £6.09 0.978 | 0.323 = 33.41 +6.596 34.70 £ 7.398 4.656 | 0.031
Albumin (g/L) 38.07 +7.81 | 38.32 + 8.19 35.08 £7.73 13.006 = <.001 = 68.87 +7.789 36.87 +7.937 3458 | 0.063
ALT(U/L) 21.65 £ 37.11 | 22.11 + 38.61 16.55 + 8.92 1.862 | 0.173  21.82 +39.13 2042 + 16.27 0.169 | 0.681
LDL-C (mmol/L) 312+ 145 | 3.12+ 148 3.07 £ 1.21 0.112 | 0.738  3.107 + 1.394 3.252 + 1.855 117 0.28

CKD, chronic kidney diseases CKM, cardiovascular-kidney-metabolic syndrome; T2D, type 2 diabetes; ASCVD, atherosclerotic cardiovascular disease; Hb, hemoglobin; WBC, white blood cells;
PLT, platelets; ALT, alanine aminotransferase; LDL-C, Low-Density Lipoprotein Cholesterol; éGER, estimated glomerular filtration rate.





