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Table S1. Characteristics of 12,860 participants
of NHANES 1999 — 2018 by number of metabolic syndrome features

Characteristic

Metabolic syndrome features

0 1 2 3 4 5

Number 3,506 4,474 2,927 1,654 562 54
Age (years) 384(04) 445(04) 46.8(0.4) 48.0(0.5) 51.6(0.8) 48.6(1.8)
Women (%) 447 (0.9) 53.4(1.0) 49.7(1.0) 47.0(1.8) 48.2(2.7) 33.3(0.9)
Race/ethnicity (%)

Mexican American 8.1 (0.6) 8.9(0.7) 10.0(0.9) 10.8(1.1) 11.7(1.4) 13.7 (4.9)

Other Hispanic 4.8 (0.6) 5.4 (0.6) 58(0.7) 59(0.9) 4.9(1.0) 17.1 (7.5)

Non-Hispanic white 70.0(1.3) 67.3(1.4) 67.9(1.7) 70.8(1.6) 69.8(2.6) 50.5(10.0)

Non-Hispanic black 11.4(0.8) 12.3(0.8) 10.7(0.9) 8.2(0.7) 7.9(1.3) 11.1 (4.5)

Other Race / Multi-racial 7.7 (0.6) 6.1 (0.5) 55(0.6) 4.4(0.7) 5.7(1.3) 7.6 (4.4)
Insurance (%)

Private 59.9(1.4) 571(1.2) 51.3(1.3) 54.2(1.6) 53.8(2.7) 66.1(8.0)

Medicare 5.5 (0.5) 9.3(0.5) 123(0.7) 11.9(0.8) 13.3(1.9) 8.0(4.1)

Medicaid 3.0(0.3) 4.3(0.4) 49(0.5) 4.8(0.6) 6.1(1.4) 6.9 (4.3)

Other government insurance 10.0(0.8) 10.5(0.7) 126(1.2) 115(1.1) 7.6(1.8) 2.9 (2.1)

No insurance or missing 21.7(1.0) 18.8(0.9) 19.0(1.0) 17.7(1.1) 19.1(2.1) 16.1(5.3)
Household income

< $25,000 18.1(1.1) 18.9(0.9) 20.5(1.0) 22.7(1.3) 23.4(2.1) 28.3(8.5)

$25,000 - < 45,000 19.9(0.9) 226(0.9) 25.0(1.2) 23.2(1.5) 28.2(2.6) 23.3(7.0)

$45,000 - < $75,000 21.5(1.0) 25.0(1.1) 243(1.3) 253(1.6) 25.2(2.9) 30.1(9.2)

= $75,000 404 (1.6) 335(1.4) 30.1(1.5) 28.8(1.5) 23.1(2.5) 18.3(8.9)
NEAP (mEg/d) 59.6 (0.8) 59.9(0.9) 57.9(0.7) 59.7 (0.6) 60.5(0.7) 63.1(0.8)
eGFR (ml/min per 1.73 m?) (%)

> 120 18.7(0.8) 12.9(0.7) 12.7(0.8) 9.8(0.8) 6.8(1.2) 8.8 (3.9)

90-119 55.2(1.1) 522(1.1) 50.1(1.2) 51.3(1.7) 48.2(3.1) 55.0(9.3)



60 - 89 244 (1.1) 315(1.1) 335(1.1) 329(1.5) 36.7(3.1) 27.0(7.4)

15-59 1.7 (0.2) 3.5 (0.3) 3.7(04) 6.0(0.7) 8.4(1.3) 9.1 (5.0)
Hypertension (%) 0.0 (0.0) 314 (09) 33.7(1.2) 40.8(1.8) 56.3(2.8) 71.5(8.1)
Diabetes mellitus (%) 0.0 (0.0) 3.1 (0.1) 10.7 (0.8) 15.5(1.3) 30.8(2.7) 47.4(9.9)
Coronary artery disease (%) 1.1 (0.2) 3.1 (0.3) 44 (0.5) 56(0.7) 6.1(1.2) 2.3 (2.0)
Serum bicarbonate (mEq/L) 25.0(0.1) 248(0.1) 245(0.1) 244(0.1) 24.1(0.1) 23.9(0.4)
Traditional anion gap (mEq/L) 10.4 (0.1) 106 (0.1) 10.8(0.1) 10.9(0.1) 11.4(0.1) 11.5(0.4)
Corrected anion gap (mEq/L) 9.4 (0.1) 9.8 (0.1) 10.1 (0.1) 10.3(0.1) 10.8(0.1) 11.1(0.4)
Full anion gap (mEq/L) 13.5(0.1) 14.0(0.1) 14.4(0.1) 14.6(0.1) 15.1(0.1) 15.4(0.4)
Elevated traditional anion gap (%) 28(0.6) 21(4) 31(04) 32(06) 38(1.1) 0.0(0.0)
Elevated corrected anion gap (%) 1.7 (0.4) 2.1 (0.3) 3.3(0.5) 45(0.7) 5.0(1.3) 0.0 (0.0)
Elevated full anion gap (%) 2.0 (0.4) 2.2 (0.4) 3.5(0.6) 4.7(0.8) 6.1(1.4) 0.5 (0.4)
Metabolic acidosis (< 23 mEq/L) (%) 220(14) 272(1.2) 319(14) 353(1.9) 38.1(2.9) 30.2(8.4)
Metabolic acidosis (< 22 mEq/L) (%) 4.3 (0.6) 6.3 (0.6) 94(1.0) 106(1.3) 13.8(1.8) 11.5(6.9)
Corrected anion gap metabolic acidosis (%) 1.4 (0.4) 1.6(0.3) 24(0.5) 33(06) 35(0.9)  0.0(0.0)
Full anion gap metabolic acidosis (%) 1.5(0.4) 1.8(0.3) 27(0.5) 34(08) 45(1.2) 0.0(0.0)

Continuous variables reported as mean (standard error) and categorical variables as percent (standard error).

Abbreviations: eGFR, estimated glomerular filtration rate; mEq, milliequivalent; NEAP, net endogenous acid production; NHANES, national health and nutrition
examination survey



Table S2. Associations* of metabolic variables with traditional and corrected anion gap

Traditional anion gap (mEg/L) Corrected anion gap
Delta 95% ClI p-value Delta 95% CI p-value

WC (cm)

<81.2 Ref. - - Ref. - -

81.2-89 0 -0.16 - 0.10 0.64 0.07 -0.05-0.19 0.26

89.1-95.6 -0.04 -0.18-0.10 0.60 0.14 0.00-0.28 0.05

95.7 -102.5 0.02 -0.13-0.17 0.77 0.30 0.15-0.45 <0.001

102.6 - 111.5 0.12 -0.04 - 0.29 0.13 0.48 0.33-0.64 <0.001

>111.5 0.20 0.02-0.39 0.03 0.81 0.64 —0.99 <0.001
MetS features

0 Ref. - - Ref. - -

1 0.10 -0.02-0.23 0.12 0.29 0.17 — 0.41 <0.001

2 0.26 0.12-0.40 <0.001 0.55 0.41-0.69 <0.001

3 0.39 0.19-0.59 <0.001 0.72 0.51-0.92 <0.001

4 0.80 0.54 - 1.05 <0.001 1.06 0.83-1.29 <0.001

5 0.68 -0.15-1.50 0.11 1.22 0.43 -2.01 <0.01
Body mass index (kg/m?)

<18.5 0.43 0.17 - 0.69 <0.01 0.26 -0.01-0.53 0.06

18.5-<25 Ref. - - Ref. - -

25-<30 0.06 -0.04 -0.16 0.21 0.21 0.11-0.30 <0.001

30-<35 0.18 0.04 - 0.31 0.01 0.48 0.35-0.62 <0.001

35-<40 0.20 0.01-0.40 0.04 0.69 0.50 - 0.89 <0.001

> 40 0.20 -0.03-0.43 0.09 1.02 0.79-1.24 <0.001

Abbreviations: Cl, confidence interval; mEq, millequivent; MetS, metabolic syndrome; Ref, reference; WC, waist circumference
*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, hypertension, diabetes, and coronary artery disease



Table S3. Associations* of metabolic variables with elevated anion gap

Elevated traditional AG Elevated corrected AG Elevated full AG
OR 95% ClI p-value OR 95% ClI p-value OR 95% CI p-value
WC (cm)
<81.2 Ref. - - Ref. - - Ref. - -
81.2-89 1.05 0.77-1.43 0.75 118 0.90-1.54 0.23 1.31 0.99 -1.74 0.06
89.1-95.6 1.21 0.88-1.67 0.25 1.30 0.96-1.77 0.09 1.37 1.02-1.83 0.04

95.7 -102.5 1.28 0.98-1.68 0.07 139 1.06-1.83 0.02 1.60 1.21-212 <0.01
102.6 - 111.5 131 0.94-1.83 0.12 1.62 119-220 <0.01 1.73 1.29-232 <0.001
>111.5 1.50 1.11-2.01 <0.01 229 1.68-3.13 <0.001 2.45 1.81-3.31 <0.001

MetS features
0 Ref. - - Ref. - - Ref. - -

1 0.83 0.50-1.38 0.47 1.09 0.67-1.78 0.71 1.03 0.64 —1.67 0.89
2 1.27 0.80-2.02 0.30 1.70 1.00-2.89 0.05 1.62 1.01-2.60 0.04
3 1.26 0.74-2.14 0.39 227 140-369 <0.01 2.15 1.26-3.67  <0.01
4 148 0.83-2.66 0.18 232 1.27-426 <0.01 2.59 1.50-4.46  <0.01
5 1 - - 1 - - 0.17 0.04 -0.83 0.02
BMI (kg/m?)

<18.5 110 0.68-1.79 0.68 0.99 0.51-1.92 0.983 1.01 0.52-1.97 0.98
18.56-<25 Ref. - - Ref. - - Ref. - -

25-<30 114 0.95-1.36 0.17 121 1.02-1.44 0.03 1.27 1.07 - 1.51 <0.01
30-<35 1.30 0.99-1.69 0.05 1.54 1.21-1.94 <0.001 1.63 1.30-2.04 <0.001
35-<40 1.53 1.15-2.04 <0.01 215 1.61-2.86 <0.001 214 1.61-2.85 <0.001
> 40 1.10 0.73-1.64 0.65 211 1.46-3.04 <0.001 2.01 1.38-2.93  <0.001

Abbreviations: AG, anion gap; BMI, body mass index; ClI, confidence interval; mEq, milliequivalent; MetS, metabolic syndrome; OR, odds ratio;
Ref, reference; WC, waist circumference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, hypertension, diabetes, and coronary artery disease

1Not calculable due to small sample



Table S4. Associations* of body mass index with outcomes after adjustment for metabolic variables

Serum bicarbonate (mEq/L) Full AG (mEq/L) Metabolic acidosis AGMA
Delta 95% CI p-value Delta 95% CI p-value OR 95% CI p-value OR 95% ClI p-value
BMI (kg/m?)
Unadjusted
<185 0.21 -0.15-0.56 0.25 026 -0.01-0.53 0.06 1.01 0.52 -1.97 0.98 0.99 0.51-1.92 0.98
185-<25 Ref. - - Ref. - - Ref. - - Ref. - -
25-<30 -0.41  -0.51--0.31 <0.001 0.21 0.11-0.30 <0.001 1.27 1.07 - 1.51 <0.01 121 1.02-1.44 0.03
30-<35 -0.72 -0.84--0.59 <0.001 0.48 0.35-0.62 <0.001 1.63 1.30 - 2.04 <0.001 154 1.21-194 <0.001
35-<40 -0.82 -0.96--0.67  <0.001 0.69 0.50 - 0.89 <0.001 2.14 1.61-2.85 <0.001 215 1.61-286 <0.001
> 40 -0.88 -1.08--0.67  <0.001 1.02 0.79-1.24 <0.001 2.01 1.38-2.93 <0.001 211 1.46-3.04 <0.001
BMI (kg/m?) adjusted
for WC
<185 0.16 -0.19-0.52 0.36 0.28 0.00 - 0.56 0.05 1.02 0.79-1.33 0.86 122 0.57-2.63 0.61
185-<25 Ref. - - Ref. - - Ref. - - Ref. - -
25-<30 -0.20 -0.32--0.08 <0.01 0.13 -0.01-0.27 0.07 1.27 1.11-1.47 <0.01 121 0.81-1.80 0.35
30-<35 -0.21  -0.40--0.03 0.03 0.26 0.06 — 0.46 0.01 1.30 1.06 —1.61 0.01 1.29 0.78-2.15 0.32
35-<40 -0.08 -0.32-0.16 0.50 0.36 0.13-0.60 <0.01 1.19 0.93 - 1.52 0.17 141 0.72-2.76 0.31
> 40 -0.04 -0.34-0.25 0.77 0.64 0.31-0.97 <0.001 1.15 0.85-1.55 0.37 129 0.52-3.18 0.58
BMI (kg/m?) adjusted
for MetS features
<185 0.28 -0.12-0.69 0.17 0.08 -0.34-0.49 0.72 0.79 0.49 -1.26 0.32 1.17 0.37-3.67 0.79
185-<25 Ref. - - Ref. - - Ref. - - Ref. - -
25-<30 -0.17  -0.32--0.03 0.02 -0.13  -0.25--0.01 0.04 1.12 0.94 -1.34 0.19 0.96 0.52-1.80 0.91
30-<35 -0.37 -0.32--0.04 <0.001 -0.16  -0.31--0.00 0.04 1.36 1.11-1.66 <0.01 0.87 0.38-1.99 0.75
35-<40 -0.62 -0.32--0.05 <0.001 0.08 -0.13-0.29 0.46 1.68 1.33-2.13 <0.001 1.08 0.46-257 0.85
> 40 -0.45 -0.32--0.06 <0.01 0.42 0.18 — 0.66 <0.01 1.58 1.20 - 2.09 <0.01 0.91 0.38-2.17 0.84

Abbreviations: AG, anion gap; AGMA, anion gap metabolic acidosis; BMI, body mass index; Cl, confidence interval; mEq, milliequivalent; MetS,
metabolic syndrome; OR, odds ratio; Ref, reference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, hypertension, diabetes, and coronary artery disease



Table S5. Associations* of waist circumference with outcomes after adjustment for insulin resistance

Serum bicarbonate Full AG Metabolic acidosis Full AGMA
Delta 95% ClI p-value Delta 95% ClI p-value OR 95% ClI p-value OR 95% ClI p-value

WC (cm)

<812 Ref. - - Ref. - - Ref. - - Ref. - -

81.2-89 -0.05 -0.22-0.11 0.52 0.08 -0.12-0.27 0.45 1.03 0.85-1.25 0.74 154 0.73-3.26 0.26

89.1 —95.6 -0.23 -0.42 --0.04 0.02 0.11 -0.06 — 0.29 0.20 1.11 0.91-1.37 0.31 1.70 0.82-3.50 0.15

95.7 —102.5 -0.48 -0.67 —-0.30 <0.001 0.15 -0.05-0.34 0.14 1.57 1.28 - 1.91 <0.001 160 0.59-4.35 0.36

102.6 — 111.5 -0.45 -0.66 —-0.25 <0.001 0.11 -0.10-0.32 0.29 1.34 1.08 — 1.65 <0.01 1.21 0.49-2.97 0.68

>111.5 -0.80 -1.03 --0.57 <0.001 0.50 0.26 -0.73  <0.001 1.89 1.50 — 2.40 <0.001 154 0.55-4.35 0.41
HOMA-IR

<1.26 Ref. - - Ref. - - Ref. - - Ref. - -

1.26 —2.08 -0.03 -0.18 - 0.13 0.72 0.07 -0.08 - 0.22 0.38 1.01 0.85-1.21 0.89 0.83 050-1.37 0.46

2.09 -3.57 -0.26 -0.47 —-0.06 0.01 0.22 0.00 - 0.44 0.05 1.25 1.01-1.53 0.04 1.03  047-225 0.95

>3.57 -0.50 -0.69 —-0.31 <0.001 0.46 0.29-0.64  <0.001 1.54 1.25-1.90 <0.001 133  0.75-2.36 0.32

Abbreviations: AG, anion gap; AGMA, anion gap metabolic acidosis; BMI, body mass index; Cl, confidence interval; mEq, milliequivalent; MetS,

metabolic syndrome; OR, odds ratio; Ref, reference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, insulin sensitivity, hypertension, diabetes, and coronary artery disease



Table S6. Associations* of metabolic variables with outcomes, excluding participants with insulin resistance (n = 8,988)

Serum bicarbonate (mEg/L) Full AG (mEqg/L) Metabolic acidosis AGMA
Delta 95% ClI p-value Delta 95% ClI p-value OR 95% ClI p-value OR 95% ClI p-value

WC (cm)

<81.2 Ref. - - Ref. - - Ref. - - Ref. - -

81.2 -89 013  -0.30 - 0.03 0.12 0.06 -013-026  0.52 112 091-1.36  0.28 155 0.74-326 024

89.1— 95.6 033 -052--0.14  <0.01 011 -0.06-027 022 121  0.98-150  0.07 194 098-384 006

95.7 1025 059 -077--041 <0.001 0.06 -0.12-0.25 0.5 171  1.40-208  <0.001 148 052-417 046

102.6 — 1115 064 -0.83--045 <0.001 014 -0.06-0.34  0.16 159  1.29-1.95  <0.001 143 058-357 044

>111.5 088 -1.12--064 <0.001 029 006-052  0.02 216 1.62-2.88  <0.001 145 054-394 045
MetS features

Elevated blood 044 -072--016  <0.01 041 013-070  <0.01 161 1.18-219  <0.01 149 061-365 037
pressure

Low HDL cholesterol ~ -0.40 -0.54—-0.26  0.001 026 007-045  <0.01 148 1.26-174  <0.001 150 0.96-2.36  0.08

Elevated triglycerides ~ -0.23  -0.38--0.08  <0.01 041 022-060 <0.001 116 0.98-1.38  0.08 145 078-271 024

Elevated waist 036 -047--025 <0.001 007 -0.04-018 023 139 120-160  <0.001 101 063-162 097

circumference

Abbreviations: AG, anion gap; AGMA, anion gap metabolic acidosis; Cl, confidence interval; mEq, milliequivalent; MetS, metabolic syndrome; OR,
odds ratio; Ref, reference; WC, waist circumference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, hypertension, diabetes, and coronary artery disease



Table S7. Associations* of metabolic variables with outcomes, excluding participants with diabetes and hypertension (main cohort n =
20,881; fasting cohort n = 8,581)

Serum bicarbonate (mEg/L) Full AG (mEq/L) Metabolic acidosis AGMA
Delta 95% CI p-value Delta 95% CI p-value OR 95% CI p-value OR 95% CI p-value

WC (cm)

<81.2 Ref. - - Ref. - - Ref. - - Ref. - -

81.2-89 -0.12  -0.29-0.06 0.19 0.06 -0.14-0.27 0.54 1.12 0.92-1.36 0.27 1.96 0.93-4.11 0.08

89.1-95.6 -0.34 -0.52--0.17  <0.001 0.10 -0.07-0.27 0.24 1.29 1.06 — 1.57 0.01 210 1.01-4.36 0.04

95.7 -102.5 -0.71  -0.90--0.52  <0.001 0.15 -0.03-0.33 0.94 2.00 1.64 —2.45 <0.001 1.56 0.56 —4.37 0.40

102.6-111.5 -0.71 -0.91--0.52 <0.001 0.14 -0.04-0.32 0.12 1.70 1.36 - 2.11 <0.001 1.86 0.87-3.95 0.1

>111.5 -1.24  -1.47--1.02 <0.001 0.74 0.48-1.00 <0.001 260 2.00-3.36 <0.001 202 0.76-5.35 0.16
MetS features

0 Ref. - - Ref. - - Ref. - - Ref. - -

1 -0.49 -0.62--0.36  <0.001 0.30 0.17-0.43 <0.001 1.53 1.28 - 1.82 <0.001 129 0.76-2.21 0.35

2 -0.80 -0.95--0.64  <0.001 0.51 0.35-0.66  <0.001 1.97 1.67 -2.33 <0.001 1.87 1.13-3.08 0.02

3 -1.11 -1.34--0.87  <0.001 0.73 0.44-1.01 <0.001 264 2.04-3.42 <0.001 1.75 0.72-4.25 0.22

4 -1.28 -1.62--0.94  <0.001 1.03 0.66-140 <0.001 2.28 1.57 -3.33 <0.001 1.85 0.59-5.77 0.29

5 -217 -3.05--1.29  <0.001 0.31 -0.75-1.38 0.56 3.39 0.83-13.84 0.09 I - -

Abbreviations: AG, anion gap; AGMA, anion gap metabolic acidosis; Cl, confidence interval; mEq, milliequivalent; MetS, metabolic syndrome; OR,
odds ratio; Ref, reference; WC, waist circumference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, and coronary artery disease

INot calculable due to small sample



Table S8. Associations* of metabolic syndrome features with outcomes, excluding participants with obesity (n = 8,374)

Serum bicarbonate (mEq/L) Full AG (mEg/L) Metabolic acidosis AGMA
Delta 95% CI p-value Delta 95% CI p-value OR 95% CI p-value OR 95% CI p-value
MetS
features
0 Ref. - - Ref. - - Ref. - - Ref. - -
1 -0.41 -0.54-0.29 <0.001 027 011-042  0.001 149  1.26-177  <0.001 118  061-226  0.62
2 -0.62 -0.78 —-0.46 <0.001 053  034-072  <0.001 170  1.40-206  <0.001 201  1.11-366  0.02
3 -1.03 -1.26 --0.80 <0.001 0.68  0.44-092  <0.001 273 210-355  <0.001 186 0.92-376  0.09
4 -1.50 -1.95 - -1.06 <0.001 122  0.84-161  <0.001 369 213-639  <0.001 371  143-966  0.008
5 -1.14 -1.80 --0.49 0.001 057 -0.20-1.34 0.14 190  0.46—7.82 0.37 1 - -

Abbreviations: AG, anion gap; AGMA, anion gap metabolic acidosis; Cl, confidence interval; mEq, milliequivalent MetS, metabolic syndrome; OR,
odds ratio; Ref, reference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated glomerular filtration rate, estimated net endogenous acid production, baseline
income, insurance status, hypertension, diabetes, and coronary artery disease

1Not calculable due to small sample



Table S9. Associations* of waist circumference with non-anion gap metabolic acidosis and anion gap metabolic
acidosis after excluding CKD (n = 12,804)

NAGMA (n = 320) AGMA (n = 236)
OR 95% CI p-value OR 95% CI p-value
WC (cm)

<81.2 Ref. - - Ref. - -
81.2 -89 094 0.57-158 0.83 1.36 0.88-2.11 0.17
89.1-95.6 1.34 0.75-2.41 0.32 1.03 0.51-2.10 0.93
95.7-102.5 1.28 0.66-249 043 211 0.89-5.02 0.09
1026-1115 1.86 1.09-3.18 0.02 233 1.14-480 0.02
>111.5 1.08 0.81-2.85 048 3.49 1.85-6.62 <0.001

Abbreviations: AGMA, anion gap metabolic acidosis; Cl, confidence interval; CKD, chronic kidney disease; NAGMA, non-anion gap metabolic
acidosis; OR, odds ratio; Ref, reference; WC, waist circumference

*Multivariable model adjusted for age, sex, race/ethnicity, estimated net endogenous acid production, baseline income, insurance status,
hypertension, diabetes, and coronary artery disease, and excluding eGFR < 90 mL/min/1.73m? or albumin to creatinine ratio > 30 mg/g.



