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Item S1. Detailed description of Methods
Study design

In this cross-sectional study, participants were randomly selected from 10 communities in
Karachi. Since few people were expected to have decreased kidney function among the general
population, we enriched our sample with 40 participants with stage 3 chronic kidney disease
(CKD) or worse (GFR <60 mL/min/1.73m?). The detailed description of recruitment and
stratification have been published previously.! In brief, 581 participants (>40 years) were
enrolled in the current study, and 557 participants (men: 49.7%) with measurements of 2-
Microglobulin (B2M) and B-trace protein (BTP) were included in the current analysis. The
flowchart of the study design is shown in Figure S1. The study approval for recruitment and
measurement was obtained from the Ethics Review Committee, Aga Khan University, and
consent was provided by all participants. The approval for analysis presented in this paper was
obtained from the Institutional Review Board, National University of Singapore.

Assessment of levels of serum B2M, BTP, and other biomarkers

In the morning, all participants visited the research laboratory following an overnight fast
with the completion of 24-hour urine collections. The collection of blood samples was used for
measuring serum B2-Microglobulin (B2M) (Roche COBAS), B-trace protein (BTP) (Simens
ProSpec), cystatin C (Siemens Pro-spec instrument particle-enhanced immuno-nephelometric
assay), serum creatinine (Beckman Coulter Inc), serum albumin (Beckman), and LDL
cholesterol (Roche Diagnostics). The detailed measurement methods for serum cystatin C, serum
creatinine, serum albumin and LDL cholesterol were described in detail previously.! 2 The 24-
hour urine collection was used for measuring urine creatinine, urine aloumin (nephelometry
method) and urine urea nitrogen (enzymatic method). Urine albumin-to-creatinine ratio (ACR)
was calculated by dividing urine albumin concentration in milligrams by urine creatinine
concentration in grams. There was no missing data for any variable (age, sex, and serum
creatinine levels) included in the CKD-EPI eGFR equations.

The measurement of serum B2M and BTP was conducted at the Advanced Research and
Diagnostic Laboratory at the University of Minnesota. Stability of the assays over time was
evaluated using pooled quality-control material and calibration panels.® Serum cystatin C was
traceable to the certified reference material ERM-DA471/IFCC from the Institute for Reference

Materials and Measurements.*® Serum creatinine assays from Pakistan were calibrated using the
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Roche enzymatic method (Hoffman-La Roche Ltd). Serum creatinine was traceable to the
National Institute of Standards and Technology creatinine standard reference material 967 at
Cleveland Clinic.”8 A calibration factor ([-0.1256] + 0.9557x) was applied to calibrate the serum
creatinine assays from Pakistan.®
Measurement of GFR

The measurement of GFR has been described in detail previously.™  In brief, urinary
inulin clearance was used as the reference standard. Plasma and urinary inulin levels were
assayed at the Renal Laboratories at the Saint-Etienne Hospital, France. GFR was calculated as
the average of two or more measurements of urinary inulin clearance and multiplied by
1.73/BSA (body surface area; BSA = height®?°[cm] x weight®4%>[kg] x 0.007184).° The median
coefficient of variation (CV) for participants with two and three urine collections during the
inulin clearance measurement was 6.64% (95% confidence interval [CI]: 5.78% to 7.50%) and
7.06% (5.83% to 8.39%), respectively, which was consistent with a previous study reporting
approximately 7% for repeated measures of inulin clearance.® The CV of inulin clearance was
relatively low compared to the smallest reported CVs of other mGFR methods (approximately
5%-15%).1* The mGFR indexed for BSA served as the gold standard for comparison.®
Assessment of demographic and clinical factors

Trained research staff visited homes of consented participants and conducted face-to-face
interviews using a standardized questionnaire. Information on demographic and lifestyle factors
were collected and included age, sex, and smoking status (yes, no). History of heart disease was
defined as self-reported physician-diagnosed heart disease (yes, no). A physical examination was
performed, and anthropometry measurements (weight, height, and waist circumference) were
taken. A bioimpedance device (QuadScan 4000, Bodyscan Ltd) was used to estimate total body
fat and lean body mass.'? 1* Body mass index (BMI) was computed using weight (kg) divided by
height (m) squared. Dietary protein intake (g/day) was calculated using urine urea nitrogen and
weight (dietary protein intake = [urea nitrogen (g/day) + weight (kg) x 0.031] x 6.25)%,
Statistical analysis

Analyses were conducted using STATA 14.0 (Stata Corp, Texas) and SAS 9.4 (SAS
Institute, Inc., North Carolina), where the statistical significance was determined by a two-sided
P value smaller than 0.05. Performance of eGFR equations and non-GFR determinants of serum

BTP, B2M, cystatin C and creatinine were assessed for the entire dataset of 557 participants.
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eGFR equations and metrics for equation performance. The current study calculated and
compared eight CKD-EPI equations and two new eGFR equations: (1) 2009 creatinine equation
(eGFRcr),'® (2) 2014 creatinine equation calibrated for Pakistan (eGFRcr-PK),? (3) 2012 cystatin
C equation (eGFRcys),'® (4) 2012 creatinine-cystatin C equation (eGFRcr-cys),’ (5) 2021
creatinine equation without the race term,® (6) 2021 creatinine-cystatin C equation without the
race term,® (7) 2020 Cystatin C-B2M-BTP equation (3-marker panel equation),'’ and (8) 2020
Creatinine-Cystatin C-B2M-BTP equation (4-marker panel equation).}” The eGFRcr-PK was
calibrated previously using this population (n=581).8 Participants with missing values of serum
B2M (n=23) and serum BTP (n=24) were excluded, leaving 557 participants for the current
analysis. The metrics for comparing performance of estimating equations were bias, precision,
accuracy, and root mean square logarithmic error (RMSLE) with corresponding 95% CI. Bias
was expressed as the median difference in mGFR minus eGFR, with positive values suggesting
an underestimation of mGFR.® Precision was assessed using the interquartile range (IQR) of the
differences.® Accuracy (Pso) was defined as the percentage of participants with eGFR within 30%
of MGFR.2 RMSLE was defined as the square root of the average squared difference of eGFR
and mGFR on the logarithmic scale (base €).2 This is similar to the root mean squared error
(RMSE) except that we took the difference between the logarithms instead of their actual values.
Compared to RMSE, RMSLE is less affected by the outliers in the testing data.'® The 95% Cls
for all these metrics were computed using the bootstrap method?!® with 10,000 replications. Bias
was expected to be near zero for eGFRcr-PK since the equation was developed in the study
population. However, bias among the other seven CKD-EPI equations (2009 eGFRcr, 2012
eGFRcys, 2012 eGFRcr-cys, 2021 eGFRcr, 2021 eGFRcr-cys, the 3-marker panel equation
[2020 Cystatin C-B2M-BTP equation], the 4-marker panel equation [2020 Creatinine-Cystatin
C-B2M-BTP equation]) was compared. Improvement in bias, IQR and RMSLE was indicated by
a smaller value, and improvement in P3o was indicated by a larger value. The differences among
equations were assessed using the Wilcoxon signed-rank test for bias, the McNemar test for Pao,
and the bootstrap method for IQR and RMSLE with 10,000 replications.

Non-GFR determinants. mGFR, and serum levels of B2M, BTP, cystatin C and creatinine were
log-transformed. Linear regression models were applied to evaluate association between each
potential predictor after standardization using respective IQRs (age, sex, weight, height, BMI,

waist circumference, total body fat, lean body mass, history of heart disease, serum albumin,
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LDL cholesterol, urine creatinine, dietary protein intake) and log-transformed (base e) levels of
serum B2M, BTP, cystatin C and creatinine to improve the normal distribution. Several models
were established: Model 1 adjusted for mGFR to examine the residual association of each
predictor (Table S1); Model 2 included mGFR, age, and sex as adjustments (Table S1); Model 3
included all non-GFR determinants (Table 1 and Table S2). For all three models, measurement
error of mMGFR was included in the adjustment. Measurement error of mGFR was account for by
using error-in-variables regression models to assess associations between non-GFR determinants
and log-transformed levels of B2M and BTP assuming log-transformed mGFR (base e) was
measured with 98.5% reliability (Table 1).

Regression coefficients relating serum B2M, BTP, cystatin C or creatinine levels to all
potential predictors from linear regression models were transformed as 100 x (eceefficient _ 1) so
that they could be interpreted as the average percent difference in serum B2M, BTP, cystatin C
or creatinine levels for an IQR difference in continuous predictors or a difference between
categories for dichotomous predictors.?® ! The strength of association for results with statistical
significance (95% ClI excludes zero) was defined as strong, intermediate or weak if the absolute
percent difference in serum B2M, BTP, cystatin C or creatinine levels was >10%, 5%-10% and

<5%, respectively.?
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Figure S1. Flowchart of the study design.
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““Participants were excluded due to febrile illness, detection of concurrence of hypertension and

diabetes, or symptoms suggestive of minor allergic reaction following inulin infusion (n =5).

Abbreviation: B2M, p2-Microglobulin; BTP, B-trace protein; GFR, glomerular filtration rate.
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Table S1. Performance of GFR estimating equations in subgroups.

Equation

Bias?, Median Difference
(95% CI)
(m1/min/1.73 m?)

Precision®, IQR (95%

)
(m1/min/1.73 m?)

Accuracy®, P30 (95%
Cl)

RMSLE®
(95% Cl)

eGFR <60 ml/min/1.73 m?2¢

2009 CKD-EPI eGFRcr

-4.00 (-6.84, -2.42)

10.1 (6.71, 13.4)

51.7 (38.2, 65.1)

0.415 (0.343, 0.504)

2014 CKD-EPI eGFRcr-PK

NA

10.6 (6.93, 14.3)

68.5 (56.6, 78.9)

0.351 (0.292, 0.425)

2021 CKD-EPI eGFRcr

-5.51 (-8.20, -3.79)

12.0 (9.15, 19.5)

455 (32.0, 59.5)

0.463 (0.383, 0.554)

2012 CKD-EPI eGFRcys

11.1 (8.48, 17.0)

23.9 (20.8, 35.6)

535 (44.5, 62.4)

0.427 (0.385, 0.474)

2012 CKD-EPI eGFRcr-cys

0.78 (-0.37, 2.35)

11.9 (9.41, 16.2)

73.5 (62.7, 82.6)

0.295 (0.251, 0.360)

2021 CKD-EPI eGFRcr-cys

-0.20 (-1.65, 1.76)

10.2 (6.51, 13.3)

74.0 (62.8, 83.4)

0.307 (0.259, 0.380)

2020 Cystatin C-B2M-BTP equation (3-marker panel)

7.58 (3.72, 11.6)

20.7 (17.2, 25.2)

62.0 (52.7, 70.7)

0.392 (0.346, 0.446)

2020 Creatinine-Cystatin C-B2M-BTP equation (4-marker
panel)

0.35 (-1.59, 3.48)

11.7 (7.55, 16.0)

71.8 (61.0, 81.0)

0.302 (0.255, 0.370)

eGFR 60-90 ml/min/1.73 m?®

2009 CKD-EPI eGFRcr

-2.70 (-10.1, 0.85)

19.0 (15.4, 23.3)

77.4 (67.0, 85.8)

0.315 (0.241, 0.438)

2014 CKD-EPI eGFRcr-PK

NA

19.5 (16.1, 25.1)

84.1 (77.2, 90.0)

0.261 (0.219, 0.338)

2021 CKD-EPI eGFRcr

-4.92 (-12.0, -1.59)

19.7 (16.0, 29.7)

74.6 (62.5, 84.5)

0.349 (0.266, 0.501)

2012 CKD-EPI eGFRcys

17.0 (14.0, 19.0)

245 (20.9, 29.1)

74.9 (69.1, 80.1)

0.306 (0.282, 0.341)

2012 CKD-EPI eGFRcr-cys

7.90 (5.46, 10.0)

20.5 (16.6, 26.1)

83.3 (77.1, 88.5)

0.257 (0.224, 0.323)

2021 CKD-EPI eGFRcr-cys

5.71 (2.48, 7.15)

18.6 (13.6, 24.6)

83.4 (76.5, 89.0)

0.258 (0.217, 0.342)

2020 Cystatin C-B2M-BTP equation (3-marker panel)

19.0 (16.0, 21.2)

247 (22.3,27.7)

72.3(67.2,77.0)

0.323 (0.300, 0.356)

2020 Creatinine-Cystatin C-B2M-BTP equation (4-marker

panel)

8.34 (5.21, 11.0)

21.8 (17.6, 26.5)

81.1 (75.3, 86.0)

0.256 (0.228, 0.312)

eGFR >90 ml/min/1.73 m?2¢

2009 CKD-EPI eGFRcr

-8.02 (-10.9, -6.55)

26.3 (23.5, 30.7)

79.3 (75.1, 83.1)

0.261 (0.237, 0.303)

2014 CKD-EPI eGFRcr-PK

NA

27.9 (24.2, 32.7)

84.7 (80.4, 88.3)

0.246 (0.221, 0.294)

2021 CKD-EPI eGFRcr

-10.6 (-13.1, -8.74)

25.3 (21.4, 28.5)

77.2 (73.0, 81.1)

0.269 (0.245, 0.308)

2012 CKD-EPI eGFRcys

5.50 (1.57, 9.60)

30.3 (25.6, 36.6)

85.1 (79.0, 90.1)

0.252 (0.215, 0.330)
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2012 CKD-EPI eGFRcr-cys

-0.38 (-3.24, 3.20)

27.3(23.8, 31.3)

85.7 (81.2, 89.5)

0.238 (0.209, 0.297)

2021 CKD-EPI eGFRcr-cys

-3.65 (-6.03, -0.43)

27.4 (23.7, 30.8)

84.5 (80.1, 88.2)

0.238 (0.211, 0.294)

2020 Cystatin C-B2M-BTP equation (3-marker panel)

13.7 (10.3, 20.6)

32.4 (23.2, 39.5)

76.3 (66.6, 84.3)

0.277 (0.240, 0.323)

2020 Creatinine-Cystatin C-B2M-BTP equation (4-marker

panel)

5.08 (2.16, 7.32)

26.9 (21.8, 30.8)

84.8 (79.7, 89.0)

0.240 (0.210, 0.302)

4Bias was expressed as the median difference in measured GFR minus estimated GFR (95% bootstrapped confidence interval).
Negative bias indicates eGFR overestimation of measured GFR, and positive bias indicates eGFR underestimation of measured GFR.
NA, not applicable because bias was expected to be zero (the equation was developed in the study population). A larger absolute value
indicates greater bias.

bPrecision was expressed as the interquartile range (IQR) of differences in measured GFR minus estimated GFR (95% bootstrapped
confidence interval). A larger absolute value indicates poorer precision.

°P3p was defined as the percentage of individuals with estimated GFR within 30% of measured GFR (95% bootstrapped confidence
interval). The 95% CI on P3 was calculated using the Clopper-Pearson (exact) method. A smaller P3o indicates poorer accuracy.
dRMSLE was defined as the square root of the mean squared difference of measured GFR and estimated GFR on the logarithmic
scale. A larger RMSLE indicates poorer accuracy.

®The sample size for eGFR subgroups were: 2009 CKD-EPI eGFRcr <60 ml/min/1.73 m? (n=58), 2014 CKD-EPI eGFRcr-PK <60
ml/min/1.73 m? (n=73), 2021 CKD-EPI eGFRcr <60 ml/min/1.73 m? (n=55), 2012 CKD-EPI eGFRcys <60 ml/min/1.73 m? (n=127),
2012 CKD-EPI eGFRcr-cys <60 ml/min/1.73 m? (n=83), 2021 CKD-EPI eGFRcr-cys <60 ml/min/1.73 m? (n=77), 2020 Cystatin C-
B2M-BTP equation (3-marker panel) <60 ml/min/1.73 m? (n=121), 2020 Creatinine-Cystatin C-B2M-BTP equation (4-marker panel)
<60 ml/min/1.73 m? (n=85), 2009 CKD-EPI eGFRcr 60-90 ml/min/1.73 m? (n=84), 2014 CKD-EPI eGFRcr-PK 60-90 ml/min/1.73 m?
(n=145), 2021 CKD-EPI eGFRcr 60-90 ml/min/1.73 m? (n=67), 2012 CKD-EPI eGFRcys 60-90 ml/min/1.73 m? (n=255), 2012 CKD-
EPI eGFRcr-cys 60-90 ml/min/1.73 m? (n=180), 2021 CKD-EPI eGFRcr-cys 60-90 ml/min/1.73 m? (n=151), 2020 Cystatin C-B2M-
BTP equation (3-marker panel) 60-90 ml/min/1.73 m? (n=339), 2020 Creatinine-Cystatin C-B2M-BTP equation (4-marker panel) 60-
90 ml/min/1.73 m? (n=222), 2009 CKD-EPI eGFRcr >90 ml/min/1.73 m? (n=415), 2014 CKD-EPI eGFRcr-PK >90 ml/min/1.73 m?
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(n=339), 2021 CKD-EPI eGFRcr >90 ml/min/1.73 m? (n=435), 2012 CKD-EPI eGFRcys >90 ml/min/1.73 m? (n=175), 2012 CKD-
EPI eGFRcr-cys >90 ml/min/1.73 m? (n=294), 2021 CKD-EPI eGFRcr-cys >90 ml/min/1.73 m? (n=329), 2020 Cystatin C-B2M-BTP
equation (3-marker panel) >90 ml/min/1.73 m? (n=97), 2020 Creatinine-Cystatin C-B2M-BTP equation (4-marker panel) >90
ml/min/1.73 m? (n=250).

Abbreviations: BTP, B-trace protein; B2M, B2-microglobulin; GFR, glomerular filtration rate; eGFR, estimated glomerular filtration
rate; Cl, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; RMSLE, Root Mean Squared
Logarithmic Error.
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Table S2. Linear regression between baseline characteristics and log-transformed BTP and B2M adjusting for age, sex and

measured GFR (N=557).

Average percent difference (95% CI) in BTP2

Average percent difference (95% CI) in B2M?

Bivariate model

Multivariable model

Bivariate model

Multivariable model

Factor of interest IQR ) (Adjusted for age, sex, and ) (Adjusted for age, sex, and

(Adjusted for mGFR) (Adjusted for mGFR)

MGFR) MGFR)

Measured GFR 36.6
Age (year) 13.0 8.70 (3.451t0 14.2) NA 3.81 (0.61t0 7.12) NA
Sex (men vs. women) - 5.76 (1.95 to 9.43) NA
Smoking (yes vs. no) - 5.47 (-3.42t0 15.2) 9.39 (4.62 to 14.4) 7.04 (1.19to0 13.2)
Weight (kg) 17.0 1.05 (-2.54 to 4.77) -0.21 (-3.83 t0 3.53) 1.93 (-0.58 to 4.52) 1.67 (-0.92 to 4.34)
Height (cm) 13.3 6.51 (1.85t0 11.4) -3.52 (-9.02 t0 2.31) 1.09 (-1.80 to 4.08) -2.60 (-6.24 t0 1.17)
Body mass index (kg/m?) 6.6 -1.79 (-5.68 to 2.26) 1.23 (-2.77 to 5.40) 1.50 (-0.98 to 4.05) 2.66 (-0.04 to 5.44)
Waist circumference (cm) 15.0 -0.86 (-4.36 t0 2.76) -1.67 (-5.06 to 1.83) 2.26 (-0.33t0 4.91) 1.94 (-0.57 to 4.53)
Total body fat (kg)® 10.6 -6.11 (-9.36 to -2.74) 3.62 (-1.97 to 9.53) -0.70 (-3.02 t0 1.68) 5.08 (1.50 to 8.80)
Lean body mass (kg)° 14.7 8.97 (3.91to 14.3) -4.04 (-11.6 to 4.19) 1.82 (-1.39t0 5.14) -3.56 (-9.68 to 2.98)
History of heart disease® - 7.46 (-1.32t0 17.0) 7.23 (-1.59 t0 16.8)
Serum albumin (g/dL) 0.4 -5.05 (-8.61 to -1.36) -6.23 (-9.67 to -2.66) -6.90 (-9.34 to -4.39) -7.34 (-9.73 to -4.88)
LDL cholesterol (mmol/L) 37.0 -3.94 (-7.90 to 0.19) -3.02 (-6.88 to 1.00) -5.17 (-7.80 to -2.46) -4.90 (-7.50 to -2.22)
Dietary protein intake (g/day) 19.0 1.05 (-0.01to 2.11) 0.37 (-0.32 to 1.06) 0.56 (0.05 to 1.07) 0.33 (-0.28 to 0.95)
Urine creatinine (mg/kg/d)¢ 6.4 8.87 (-4.18 10 23.7) 2.83 (-4.08 10 10.2) -1.91 (-9.30 to 6.08)

aAverage percent difference in serum B2M and BTP levels for an IQR (difference between the 25" and 75™ percentiles) higher level

in continuous variables was calculated as 100 x (gbet-coefficient _ 1) ysing error-in-variables regression models assuming log-transformed

mMGFR was measured with 98.5% reliability. Strength of association for statistically significant results is indicated by color: red,

strong (absolute average percent difference in B2M/BTP levels >10%); blue, intermediate (absolute average percent difference in

B2M/BTP levels 5%-10% inclusive); and yellow, weak (absolute average percent difference in B2ZM/BTP levels <5%).

bOne missing value (n =556).




Wang et al, Kidney Medicine, “Performance of Serum 32-Microglobulin— and B-Trace Protein—Based Panel Markers and 2021 Creatinine- and Cystatin-Based
GFR Estimating Equations in Pakistan”

“Three missing values (n =554).

Abbreviations: BTP, B-trace protein; B2M, B2-microglobulin; GFR, glomerular filtration rate; LDL, low-density lipoprotein.
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Table S3. Linear regression between baseline characteristics and log-transformed B2M and BTP adjusting for all non-GFR
determinants and measured GFR (N=557).

Average percent difference (95% CI) in BTP2

Average percent difference (95% CI) in B2M?

Factor of interest IQR Multivariable model 1° Multivariable model 2¢ Multivariab lemodel 1° Multivariable model 2°¢
Measured GFR 36.6 ‘

Sex (men vs. women) - ‘ 4.73 (-0.58 to 9.76)

Smoking (yes vs. no) - 4.81 (-3.65t0 14.0) 4.73 (-3.81 t0 14.0) 5.21 (-0.15 to 10.9) 5.02 (-0.37 to 10.7)
Body mass index (kg/m?) 6.6 9.30 (1.58 to 17.6) - 2.41 (-2.09t0 7.13) -

Waist circumference (cm) 15.0 -7.98 (-13.8 t0 -1.77) - -0.43 (-4.52 to 3.84) -

Total body fat (kg)? 10.6 - 4.50 (1.00 to 8.11) - 6.65 (4.23t0 9.13)
Lean body mass (kg)¢ 14.7 - -2.32 (-7.43 to 3.06) - 2.01 (-1.38t0 5.52)
History of heart disease? - 6.54 (-1.78 to 15.6) 7.35 (-1.07 to 16.5)
Serum albumin (g/dL) 0.4 -6.32 (-9.95 to -2.54) -6.54 (-10.1 to -2.77) -7.31 (-9.79 to -4.77) -7.42 (-9.86 to -4.90)
LDL cholesterol (mmol/L) 37.0 -2.19 (-5.95t0 1.70) -2.52 (-6.24 t0 1.34) -3.46 (-5.91 to -0.95) -3.61 (-6.04 to -1.11)
Dietary protein intake (g/day) 19.0 0.13 (-0.53t0 0.81) 0.11 (-0.54 to 0.76) 0.38 (-0.36t0 1.13) 0.46 (-0.17 to 1.09)
Urine creatinine (mg/kg/d)® 6.4 10.1 (-4.50 to 26.9) 11.0 (-3.31to 27.4) -1.98 (-10.4 to 7.26) -2.30 (-10.4 to 6.56)

R2f

64.1%

63.9%

77.9%

78.2%

aAverage percent difference in serum B2M and BTP levels for an IQR (difference between the 25" and 75™ percentiles) higher level

in continuous variables was calculated as 100 x (gbet-coefficient _ 1) ysing error-in-variables regression models assuming log-transformed

mGFR was measured with 98.5% reliability. Strength of association for statistically significant results is indicated by color: red,

strong (absolute average percent difference in B2M/BTP levels >10%); blue, intermediate (absolute average percent difference in

B2M/BTP levels 5%-10% inclusive); and yellow, weak (absolute average percent difference in B2ZM/BTP levels <5%).

®Multivariable model 1 included all variables, mGFR, measurement error of mGFR except for total body fat and lean body mass.

®Multivariable model 2 included all variables, mGFR, measurement error of mGFR except for body mass index and waist

circumference.
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d0ne missing value (n =556).

*Three missing values (n =554).

'R2 was based on variables included in each model.

Abbreviations: BTP, B-trace protein; B2M, 2-microglobulin; GFR, glomerular filtration rate; LDL, low-density lipoprotein.
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