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Background: The prevalence of advanced chronic kidney disease (CKD) is higher in Black than in White Americans. We evaluated 
CKD progression in Black and White participants and the contribution of biological risk factors. We included the study of lung 
function (measured by forced vital capacity [FVC]), which is part of the emerging notion of interorgan cross-talk with the kidneys to 
racial differences in CKD progression.
Methods: This longitudinal study included 2175 Black and 2207 White adult Coronary Artery Risk Development in Young Adults 
(CARDIA) participants. Estimated glomerular filtration rate (eGFR) and urinary albumin-to-creatinine ratio (UACR) were measured at 
study year 10 (age 27–41y) and every five years for 20 years. The outcome was CKD progression through no CKD, low, moderate, 
high, or very high-risk categories based on eGFR and UACR in combination. The association between race and CKD progression as 
well as the contribution of risk factors to racial differences were assessed in multivariable-adjusted Cox models.
Results: Black participants had higher CKD transition probabilities than White participants and more prevalent risk factors during the 
20-year period studied. Hazard ratios for CKD transition for Black (vs White participants) were 1.38 from No CKD into ≥ low risk, 
2.25 from ≤ low risk into ≥ moderate risk, and 4.49 from ≤ moderate risk into ≥ high risk. Racial differences in CKD progression from 
No CKD into ≥ low risk were primarily explained by FVC (54.8%), hypertension (30.9%), and obesity (20.8%). In contrast, racial 
differences were less explained in more severe transitions.
Conclusion: Black participants had a higher risk of CKD progression, and this discrepancy may be partly explained by FVC and 
conventional risk factors.
Keywords: CKD progression, racial disparities, young adults, conventional risk factors, lung function

Introduction
There is a racial disparity in the prevalence of chronic kidney disease (CKD) in the US, with the highest prevalence 
observed among Black individuals.1 Diabetes and hypertension are widely recognized risk factors for CKD and end-stage 
kidney disease (ESKD).2,3 These disorders are the leading contributors to kidney failure in the US and together account 
for 64% of kidney failure.4 Another clinical risk factor for the onset of CKD that has been heavily researched is obesity.5 

Although the exact causes of racial differences in CKD are not all understood, this likely in part reflects differences in the 
disproportionate prevalence of these major contributors.6,7 Social and economic disadvantages related to race or ethnicity 
may also generally help explain disparities in clinical conditions and CKD prevalence.8 There is little evidence from 
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longitudinal data on the CKD progression rate between Black and White Americans from early adulthood to middle age, 
as determined by combinations of estimated glomerular filtration rate (eGFR) and urinary albumin-to-creatinine ratio 
(UACR). Little is known about the factors contributing to racial disparities in CKD progression during this transitional 
period. Additional research is necessary to comprehend racial and ethnic inequalities in eGFR decline before CKD onset, 
as conventional risk factors are insufficient to explain them.9 We recently showed, using longitudinal data from the 
Coronary Artery Risk Development in Young Adults (CARDIA) study that even minor deterioration in kidney function 
was associated with higher risk of incident CVD, total mortality, and the CKD progression through modified KDIGO 
categories;10 the CKD progression to more advanced risk categories were predicted by conventional and non-traditional 
risk factors.11 Besides well-known risk factors for CKD progression, we found that absolute lung function (as assessed by 
forced vital capacity (FVC)), markers of low-grade inflammation, serum urate, and serum carotenoids also predicted 
CKD progression. All of these factors play a role in or are statistically associated with vascular disease and may therefore 
affect kidney function. Cross-talk between lung and kidney is well document.12–14 Lung and kidney endothelial tissue 
function are sensitive to microvascular changes.15 The kidney medulla has the lowest oxygen content in the body and is 
sensitive to minor hypoxemia, possibly leading to nephron loss and damage.13 Inflammation is a common thread in 
endothelial cell health.16 Urate may be a cause or a biomarker of CKD progression.17–19 Serum carotenoids (alpha- and 
beta-carotene, beta-cryptoxanthin, and zeaxanthin/lutein) are empirically associated with diet quality, physical activity, 
smoking, and body mass index (BMI)20 and these carotenoids are strongly suggested to influence endothelial function.21

We prospectively examined CKD progression in Black and White individuals, and assessed how conventional and 
non-traditional factors contribute to racial disparities in such progression. It was hypothesized that CKD progression rate 
would be higher among Black vs White Americans and that the higher progression would be explained by dispropor-
tionate distribution of many clinical conditions.

Materials and Methods
The data that support the findings of this study are available from the CARDIA Coordinating Center (https://www.cardia. 
dopm.uab.edu) upon reasonable request.

Study Design and Population
This study was conducted in the CARDIA cohort, a longitudinal community-based study of Black and White men and 
women from four cities able to walk on a treadmill when they were 18 to 30 years old at the time of enrolment in 1985– 
1986 (exam Year 0).22 Furthermore, balanced representation of age, race (Black or White), sex, and educational 
attainment (<high school or ≥high school) was also a goal of the recruiting scheme at each of the field centers. 
CARDIA was approved by the institutional review boards of each study center, and at each follow-up visit, participants 
provided written informed consent. The current analyses composed of 4382 participants after we excluded participants 
who had a history of cardiovascular disease or died before baseline for this study at Year 10 (n=90), had no kidney 
measurements (n=722), or had no data on hypertension, diabetes, dyslipidemia, or obese status at Year 10 (n=9).

Assessment of Kidney Markers and Definition of CKD Progression
Serum creatinine, urinary albumin, and urinary creatinine were assayed up to 5 times between Year 10 and Year 30. 
Serum creatinine was measured using Jaffe methodology; urinary albumin and creatinine were evaluated using single 
untimed urine samples, with albumin measured through nephelometry using a specific anti-albumin monoclonal antibody 
and creatinine measured using the Jaffe method.23 eGFR was calculated using serum creatinine-based CKD-EPI 2021 
race-free equation.24,25 Hospitalized or fatal kidney failure was ascertained via annual surveys until Year 32 (August 31, 
2018). The 2012 KDIGO heat map depicting CKD progression risk categories was modified to account for the low 
number of adults with large declines in eGFR, typical of a generally healthy younger group in CARDIA.26 The five CKD 
categories analyzed for this study were No CKD, low risk, moderate risk, high risk, and very high risk (Figure S1). 
Specifically, 1) low UACR was split into two categories: <10 (mg/g) and 10−29 (as UACR 10−29 is common in early 
middle age), allowing distinction between No CKD from low risk with early increases in UACR; 2) we categorized the 
few individuals with eGFR 45−59 (mL/min/1.73 m2) and UACR <30 from moderate risk to high risk to prevent mixing 
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them with the participants with eGFR 45−59 (mL/min/1.73 m2) and UACR 10–29. Other than that, the aforementioned 
categories and their labels correspond to KDIGO heat map categories.10 The highest CKD category for each exam was 
used, carrying forward the most recent non-missing value, if necessary. Therefore, sample size at Year 10 was 3461 and 
increased as participants who skipped the Year 10 clinic visit were next reexamined at Year 15, Year 20, Year 25, or Year 
30 to 4032, 4261, 4376, and 4382 participants, respectively. Although some participants were observed to revert across 
examinations to lower risk categories, particularly based on the variation in UACR, we found by looking at the full 
record that about 80% of those who ever reached a higher risk category showed systematic evidence of worsening 
CKD.11 The primary outcomes used in the current study were three binary transitions: Transition 1) from No CKD into 
low, moderate, high, or very high risk (or No CKD into ≥ low risk); Transition 2) from No CKD or low risk into 
moderate, high, or very high risk (or ≤ low risk into ≥ moderate risk); and Transition 3) from No CKD,low, or moderate 
risk into high or very high risk (or ≤ moderate risk into ≥ high risk). The first and second outcomes primarily represent 
a rise in UACR, both while retaining eGFR ≥60.The third outcome represents transitions involving decreased eGFR, 
either alone or in conjunction with increase in UACR, or severely increased UACR with eGFR ≥60. Transitions from 
specific modified KDIGO categories were not considered; many people who transitioned to higher risk categories 
skipped over some lower risk categories, likely due to the long inter-exam interval.11 Transitioning into the very high 
risk was not evaluated separately due to very few numbers.

Assessment of Covariates
We obtained information about age, self-reported race, and sex at Year 0 and at each exam have updated years of 
education completed, smoking status and pack-year of smoking, and medication use (diabetes, hypertension, and 
dyslipidemia) through self-reported questionnaire and/or review of medication bottles. Time-updated covariates were 
created for the current analysis. Measurements of all other physical and laboratory covariates were done between Year 10 
and Year 30 except for several variables as described later. BMI was measured, and obesity was defined as BMI ≥30 kg/ 
m2. Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or the use of 
antihypertensive medication. Lung volume was measured as forced vital capacity (FVC; Year 0, Year 2, Year 5, Year 10, 
Year 20, and Year 30).27 Participants were asked to fast for 12 hours before each blood draw. Blood was drawn from the 
antecubital vein and serum and plasma aliquots were stored at −70°C until testing. Description of blood specimen 
collection and assay methodologies were described previously.28–30 Laboratory variables included triglycerides (Year 10- 
Year 30), HDL-C (Year 10-Year 30), serum urate (Year 10, Year 15, Year 20),31 high-sensitivity C-reactive protein 
(hsCRP; Year 7, Year 15, Year 20, Year 25),32 the nuclear magnetic resonance marker GlycA (Year 7),33,34 and sum of 4 
carotenoids (alpha-carotene, beta-carotene, beta-cryptoxanthin, and zeaxanthin/lutein; Year 7, Year 15, Year 20).35,36 

Other binary covariates included high triglycerides (serum triglycerides ≥1.69 mmol/L), measured at all exams), low 
HDL-C (<1.29 mmol/L for female and <1.04 mmol/L for male, measured at all exams), and diabetes (fasting glucose 
concentration ≥6.99 mmol/L; 2-hour post-challenge glucose concentration ≥11.1 mmol/L, measured at Year 10, Year 20, 
and Year 25); glycated hemoglobin (HbA1c) ≥0.07 fraction, measured at Year 20 and Year 25); and/or use of glucose 
lowering medication.37 Thus, all important predictor variables, including diabetes, hypertension and dyslipidemia were 
diagnosed based on known medical treatment or measured values.

The Institutional Review Board of the University of Alabama at Birmingham serves as a single review body for 
CARDIA and approved the study at all sites included in this work: University of Alabama at Birmingham, Northwestern 
University, Kaiser Permanente Northern California, University of Minnesota. CARDIA participants have signed 
informed consent at each clinic visit, in accordance with the Declaration of Helsinki.

Statistical Analyses
We applied a 3-stage analytic approach to explore how potential risk factors for CKD progression differed between Black 
and White participants. First, we estimated the occurrence rates of transitions by race and then stratified by individual 
risk factors, presenting them as the percentage of people making three CKD transitions within extreme quartiles of risk 
factor categories. Second, minimal models adjusting for age, sex, and education were fitted using Cox proportional 
hazard regression; these models estimated the hazard ratios (HRs) of CKD transitions for Black vs White participants. 
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Third, we then examined models further adjusting for each risk factor. The percentage change in the estimated log HR (or 
β, where eβ equals the HR for incident CKD transition in Black compared with White participants) were quantified to 
determine the extent to which the aforementioned risk factors contributed to racial differences in risk for CKD transition; 
the formula used is (βrace adjusted for predictor – βrace unadjusted / βrace unadjusted) × 100. In a final step, mutually adjusted models 
that included all risk factors simultaneously were used to quantify the relative explanatory importance of combined risk 
factors for the same outcome prediction. Covariates were allowed to change with time. For continuous covariates, data 
were averaged over the available years up to each examination, and for the outcome of binary disease incidence (yes or 
no), the first disease occurrence was cumulative over study years of follow-up. Analytical strategies using time-varying 
covariates estimate the risk of CKD transition for each examination year, and the overall HR represents an average HR 
for the whole follow-up time. This averaging approach allows for the minimization of random within-person errors, 
better reflects the cumulative effect of each variable, preserves the sample size, and automatically accounts for any 
missing data in follow-up measures.10 SAS version 9.4 (SAS Institute Inc., Cary, NC) was used for analyses, and two- 
sided P values <0.05 were considered statistically significant.

Results
Study Population Characteristics
The study included 4382 participants, of whom 2175 (49.6%) self-reported Black and 2207 self-reported White race 
(50.4%). For each race, the corresponding mean (SD) ages were 34.4 (3.8) and 35.6 (3.4) years. The characteristics of the 
study participants according to race are presented in Table 1.” Black participants, in comparison to White participants, 
were younger (34.4 vs 35.6 years), had fewer years of education (14.7 vs 16.3 years), a higher proportion were female 
(57.2 vs 53.1%), and had lower eGFR (102.8 vs 108.3 mL/min/1.73 m2) but higher UACR (29.5 vs 10.7 mg/g). In 
general, conventional and non-traditional characteristics were less favorable for Black individuals. For example, 
compared with White participants, Black participants tended to have lower levels and greater change of FVC and 
serum carotenoids, while GlycA, hsCRP, urate, hypertension, diabetes, and obesity were higher and/or increased more 
during follow-up. However, Black participants had lower levels of triglycerides.

CKD Transition Probability by Race
Black individuals had greater probabilities for all three transitions compared to White participants across the 20-year 
period (Table 2). The transition probabilities for Black and White participants were 33% vs 25.5% for no CKD into ≥ low 
risk, 15.9% vs 8.1% for ≤ low risk into ≥ moderate risk, and 8.1% vs 2.0% for ≤ moderate risk into ≥ high risk. The non- 
traditional factors FVC and sum of 4 carotenoids showed inverse associations with advancing into higher categories 
when comparing extreme quartiles, while GlycA, hsCRP, and serum urate had positive associations. The only exception 
to the observed direction of association was for FVC in Black participants in the transition from ≤ moderate risk into ≥ 
high risk. Of conventional factors, transitioning into higher categories was most strongly associated with diabetes and 
hypertension in both Black and White participants, but associations with cigarette smoking were weak. In some 
instances, the patterns were nominally more pronounced among the White participants.

Contribution of Risk Factors to the Association Between Black Race and CKD 
Transition
Table 3 shows the adjusted HRs for CKD progression for Black participants compared to White participants using the 
minimal model (age, sex, and education adjusted) and percent change in the β estimates after additional individual risk 
factor adjustment relative to the minimal model in proportional hazard regression. Black participants had higher risk of 
CKD progression, with the association being stronger with more severe transitions; the adjusted HR in Black participants 
compared with White participants were 1.38 for no CKD into ≥ low risk, 2.25 for ≤ low risk into ≥ moderate risk, and 
4.49 for ≤ moderate risk into ≥ high risk. In a series of analyses associated with each single risk factor, the dominant 
variables explaining of racial differences in CKD progression were FVC, followed by hypertension and obesity. When 
FVC was included in the main multivariable analysis, the association between race and CKD progression risk was 
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Table 1 Characteristics of CARDIA Study Participants According to Race

Black Participants White Participants P-value

N Mean±SD N Mean±SD

Age at Year 10 2175 34.3±3.8 2207 35.6±3.4 0.02

Sex (Female), n (%) 2175 1245 (57.2) 2207 1171 (53.1) 0.005
Maximal educational level 2175 14.7±2.4 2207 16.3±2.6 <0.001

eGFR (mL/min/1.73 m2) at Year 10 1848 102.8±19.1 1975 108.3±12.6 <0.001

UACR (mg/g) at Year 10 1671 29.5±248.3 1813 10.7±119.5 0.004

Non-traditional risk factors

FVC (L)
Year 10 1786 3.8±0.9 1918 4.7±1.0 <0.001

Year 30 1470 3.1±0.8 1639 3.9±0.9 <0.001
Year 30- Year 10 1248 –0.7±0.4 1472 –0.7±0.4 0.76

Plasma GlycA (μmol/L)
Year 7 1727 406.1±69.5 1952 383.4±64.8 <0.001
ln(serum hsCRP) (ln(nmol/L))
Year 7 1742 10.5±7.6 1964 8.6±6.7 <0.001

Year 25 1621 12.4±7.6 1845 8.6±5.7 <0.001
Year 25-Year 7 1343 1.9±7.6 1678 0.4±6.7 <0.001

Serum urate (µmol/L)
Year 0 2139 303.4±83.3 2191 321.2±83.3 <0.001
Year 20 1401 345.0±95.2 1736 339.0±83.3 0.02

Year 20-Year 0 1389 47.6±77.3 1726 17.8±65.4 <0.001
Sum of 4 serum carotenoids (µmol/L)
Year 7 1672 0.84±0.43 1887 1.01±0.56 <0.001

Year 20 1219 0.82±0.46 1509 1.00±0.62 <0.001
Year 20-Year 7 992 –0.02±0.42 1338 0.01±0.53 0.14

Conventional cardiovascular risk factors

Pack-year of smoking ≥10, n (%)
Year 10 2175 280 (12.9) 2207 391 (17.7) <0.001
Year 30 2175 519 (23.9) 2207 480 (21.8) 0.10

Year 30-Year 10 2175 239 (11.0) 2207 89 (4.0) <0.001

Hypertension (≥140/90 mm Hg/antihypertensive 
medications), n (%)
Year 10 2175 364 (16.7) 2207 162 (7.3) <0.001

Year 30 2175 1214 (55.8) 2207 682 (30.9) <0.001
Year 30-Year 10 2175 850 (39.1) 2207 520 (23.6) <0.001

Diabetes (serum glucose ≥6.99 mmol/L, 2-hr glucose 
≥11.1 mmol/L, or Hb1Ac ≥0.07 fraction/ antidiabetic 
medications), n (%)
Year 10 2175 69 (3.2) 2207 44 (2.0) 0.01

Year 30 2175 446 (20.5) 2207 231 (10.5) <0.001
Year 30-Year 10 2175 377 (17.3) 2207 187 (8.5) <0.001

High serum triglycerides (≥1.69 mmol/L), n (%)
Year 10 2175 306 (14.1) 2207 537 (24.3) <0.001
Year 30 2175 626 (28.8) 2207 943 (42.7) <0.001

Year 30-Year 10 2175 320 (14.7) 2207 406 (18.4) 0.001

(Continued)
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Table 1 (Continued). 

Black Participants White Participants P-value

N Mean±SD N Mean±SD

Low HDL-C (serum <1.29 mmol/L for female and 
<1.04 mmol/L for male), n (%)
Year 10 2175 1211 (55.7) 2207 1244 (56.4) 0.65
Year 30 2175 1377 (63.3) 2207 1389 (62.9) 0.80

Year 30-Year 10 2175 320 (14.7) 2207 406 (18.4) 0.001

Obesity (≥30 kg/m2), n (%)
Year 10 2175 834 (38.3) 2207 427 (19.4) <0.001

Year 30 2175 1338 (61.5) 2207 892 (40.4) <0.001

Year 30-Year 10 2175 504 (23.2) 2207 465 (21.1) 0.09

Abbreviations: FVC, forced vital capacity; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; ln, natural logarithm; SD,  
standard deviation.

Table 2 CKD Transition Probabilities According to Non-Traditional and Conventional Cardiovascular Risk Factors

Transition 1:  
From No CKD into ≥ Low Risk

Transition 2:  
From ≤ Low Risk into ≥ 

Moderate Risk

Transition 3:  
From ≤ Moderate Risk into ≥ 

High Risk

Black 
Participants

White 
Participants

Black 
Participants

White 
Participants

Black 
Participants

White 
Participants

Overall n/N at risk  
(% Transition)

586/1778 (33.0) 495/1940 (25.5) 321/2021 (15.9) 173/2148 (8.1) 174/2145 (8.1) 45/2201 (2.0)

Non-traditional risk factors

FVC*

N transition/Total sample 584/1721 492/1904 318/1946 171/2104 173/2063 45/2156

Predictor Category

Bottom quartile, n/N at risk  
(% Transition)

177/396 (44.7) 174/473 (36.8) 99/477 (20.8) 54/528 (10.2) 43/513 (8.4) 17/539 (3.15)

Top quartile, n/N at risk  
(% Transition)

117/454 (25.8) 81/497 (16.3) 72/494 (14.6) 31/530 (5.9) 45/514 (8.8) 9/540 (1.7)

Plasma GlycA
N transition/Total sample 502/1415 450/1719 265/1605 162/1900 147/1707 41/1946

Predictor Category

Bottom quartile, n/N at risk  
(% Transition)

77/282 (27.3) 119/528 (22.5) 44/309 (14.2) 42/578 (7.3) 26/331 (7.9) 10/588 (1.7)

Top quartile, n/N at risk  
(% Transition)

171/404 (42.3) 108/319 (33.9) 95/485 (19.6) 46/363 (12.7) 45/521 (8.6) 15/378 (4.0)

ln(serum hsCRP)
N transition/Total sample 586/1751 495/1919 321/1983 173/2127 174/2106 45/2179

Predictor Category

Bottom quartile, n/N at risk  
(% Transition)

89/339 (26.3) 126/620 (20.3) 41/370 (11.1) 33/676 (4.9) 28/385 (7.3) 4/689 (0.6)

Top quartile, n/N at risk  
(% Transition)

221/573 (38.6) 98/297 (33.0) 117/661 (17.7) 39/337 (11.6) 58/707 (8.2) 13/355 (3.7)

Serum urate†

N transition/Total sample 586/1778 495/1938 321/2021 173/2145 174/2145 45/2198

Predictor Category

(Continued)
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substantially reduced; Specifically, FVC explained 54.8%, 32.2%, and 14.2% of the observed race and three CKD 
transitions, respectively. The corresponding estimates were 30.9%, 20.1%, and 13.7% for hypertension, and 20.8%, 
12.5%, and 4.7% for obesity. Some other factors explained smaller amounts of the race coefficient, and adjustment for 
TG enhanced the race coefficient. Simultaneous adjustment for all risk factors had a similar result as for adjustment only 

Table 2 (Continued). 

Transition 1:  
From No CKD into ≥ Low Risk

Transition 2:  
From ≤ Low Risk into ≥ 

Moderate Risk

Transition 3:  
From ≤ Moderate Risk into ≥ 

High Risk

Black 
Participants

White 
Participants

Black 
Participants

White 
Participants

Black 
Participants

White 
Participants

Bottom quartile, n/N at risk  
(% Transition)

118/501 (23.6) 105/451 (23.3) 47/553 (8.5) 29/505 (5.7) 27/573 (4.7) 4/518 (0.8)

Top quartile, n/N at risk  
(% Transition)

194/430 (45.1) 141/421 (33.5) 120/513 (23.4) 61/475 (12.8) 80/570 (14.0) 21/500 (4.2)

Sum of 4 serum carotenoids*

N transition/Total sample 565/1635 490/1861 303/1847 172/2059 166/1963 45/2108

Predictor Category

Bottom quartile, n/N at risk  
(% Transition)

143/383 (37.3) 141/460 (30.7) 72/436 (16.5) 60/509 (11.8) 49/484 (10.1) 27/527 (5.1)

Top quartile, n/N at risk  
(% Transition)

134/430 (31.2) 116/468 (24.8) 64/474 (13.5) 30/519 (5.8) 36/494 (7.3) 2/527 (0.4)

Conventional cardiovascular risk factors

Pack-year of smoking
n/N at risk (% Transition)

0 319/941 (33.9) 244/1058 (23.1) 171/1062 (16.1) 80/1176 (6.8) 84/1118 (7.5) 20/1202 (1.7)

≥0 – < 10 139/485 (28.7) 137/498 (27.5) 76/556 (13.7) 48/543 (8.8) 50/597 (8.4) 10/557 (1.8)

≥10 128/352 (36.4) 114/384 (29.7) 74/403 (18.4) 45/429 (10.5) 40/430 (9.3) 15/442 (3.4)

Hypertension
n/N at risk (% Transition)

No 168/836 (20.1) 286/1379 (20.7) 76/925 (8.2) 74/1501 (4.9) 38/956 (4.0) 13/1524 (0.9)

Yes 418/942 (44.4) 209/561 (37.3) 245/1096 (22.4) 99/647 (15.3) 136/1189 (11.4) 32/677 (4.7)

Diabetes
n/N at risk (% Transition)

No 427/1463 (29.2) 415/1769 (23.5) 216/1635 (13.2) 125/1940 (6.4) 120/1712 (7.0) 26/1973 (1.3)

Yes 159/315 (50.5) 80/171 (46.8) 105/386 (27.2) 48/208 (23.1) 54/433 (12.5) 19/228 (8.3)

High serum triglycerides
n/N at risk (% Transition)

No 383/1305 (29.4) 262/1126 (23.3) 186/1475 (12.6) 85/1239 (6.9) 87/1536 (5.7) 15/1262 (1.2)

Yes 203/473 (42.9) 233/814 (28.6) 135/546 (24.7) 88/909 (9.7) 87/609 (14.3) 30/939 (3.2)

Low HDL-C
n/N at risk (% Transition)

No 189/681 (27.8) 167/733 (22.8) 112/759 (14.8) 52/798 (6.5) 56/792 (7.1) 9/818 (1.1)

Yes 397/1097 (36.2) 328/1207 (27.2) 209/1262 (16.6) 121/1350 (9.0) 118/1353 (8.7) 36/1383 (2.6)

Obesity
n/N at risk (% Transition)

No 174/699 (24.9) 270/1171 (23.1) 84/783 (10.7) 81/1288 (6.3) 56/826 (6.8) 17/1313 (1.3)

Yes 412/1079 (38.2) 225/769 (29.3) 237/1238 (19.1) 92/860 (10.7) 118/1319 (9.0) 28/888 (3.2)

Notes: Sample sizes at risk and unadjusted % transition in Black and White participants are presented. *Race-specific quartiles were used. †Sex-specific quartiles were used. 
Abbreviations: CKD, chronic kidney disease; FVC, forced vital capacity; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; ln, natural 
logarithm; SD, standard deviation.
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Table 3 Adjusted HRs of CKD Progression Associated with Black Participants (Vs White Participants), Adjusted for Time- 
Varying Predictors, One at a Time and Simultaneously

CKD Risk Category Transitions

Transition 1:  
From No CKD into ≥ 

Low Risk

Transition 2:  
From ≤ Low Risk into ≥ 

Moderate Risk

Transition 3:  
From ≤ Moderate Risk into 

≥ High Risk

Black participants (vs White participants)*

n/N 1081/3718 494/4169 219/4346

HR (CI) 1.38 (1.22–1.57) 2.25 (1.85–2.73) 4.49 (3.19–6.32)

Black participants (vs White participants) after further adjustment for each variable below

FVC (L)
n/N 975/3718 443/4169 199/4346

HR (95% CI) 1.16 (0.99–1.35) 1.73 (1.36–2.20) 3.63 (2.42–5.44)

Change race β† −0.174 −0.263 −0.213
% Change race β† –54.8 –32.2 –14.2

Plasma GlycA
n/N 952/3134 427/3505 188/3653
HR (95% CI) 1.37 (1.20–1.57) 2.07 (1.68–2.54) 4.45 (3.10–6.40)

Change race β† −0.007 −0.08 −0.009

% Change race β† –2.20 –10.4 –0.60
ln(serum hsCRP)
n/N 1023/3718 465/4169 207/4346

HR (95% CI) 1.36 (1.19–1.55) 2.09 (1.71–2.57) 4.41 (3.09–6.28)
Change race β† −0.015 −0.07 −0.018

% Change race β† –6.30 –8.80 –1.20
Serum urate
n/N 1081/3718 494/4169 219/4346

HR (95% CI) 1.39 (1.22–1.58) 2.22 (1.82–2.70) 4.34 (3.08–6.11)
Change race β† 0.007 −0.01 −0.034

% Change race β† 1.10 –1.70 –2.30

Sum of 4 serum carotenoids
n/N 1000/3718 449/4169 199/4346

HR (95% CI) 1.35 (1.19–1.55) 2.08 (1.70–2.55) 4.33 (3.03–6.17)

Change race β† −0.022 −0.08 −0.036
% Change race β† –6.40 –9.70 –2.50

Pack-year of smoking ≥10
n/N 1081/3718 494/4169 219/4346
HR (95% CI) 1.41 (1.24–1.60) 2.29 (1.88–2.79) 4.56 (3.23–6.42)

Change race β† 0.022 0.018 0.015

% Change race β† 5.60 2.50 0.90
Hypertension
n/N 1081/3718 494/4169 219/4346

HR (95% CI) 1.25 (1.10–1.42) 1.91 (1.56–2.33) 3.65 (2.58–5.17)
Change race β† −0.099 −0.16 −0.207

% Change race β† –30.9 –20.1 –13.7

Diabetes
n/N 1081/3718 494/4169 219/4346

HR (95% CI) 1.33 (1.17–1.52) 2.10 (1.72–2.55) 4.17 (2.96–5.87)

Change race β† −0.037 −0.07 −0.074
% Change race β† –11.0 –8.70 –5.00

(Continued)
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for FVC. In general, the transition to the highest categories (≤ moderate risk into ≥ high risk) was less explained by risk 
factors studied compared with the first two transitions.

Discussion
The novelty of our study is that we demonstrated large differences between young Black and White Americans in risk of 
CKD progression across younger adulthood and quantified potential underlying mechanisms linking race to CKD 
progression. In this longitudinal study, Black individuals had a greater probability of progressing to more advanced 
CKD categories, and the observed race association became stronger in more severe transitions for example, in the 
4.5-fold higher risk of CKD among Blacks vs Whites for the transition from ≤ moderate risk into ≥ high risk. We also 
found that Black participants had higher incidence of individual risk factors that predict CKD progression. Notably, FVC, 
hypertension, and obesity were key factors responsible for the racial differences in CKD transitions, and they explained 
earlier transitions better on the percent difference scale, though the corresponding differential on the additive scale is 
small. The rest of the traditional and non-conventional factors variably explained smaller magnitudes of the racial 
differences in CKD progression.

This study complements previous findings1,38,39 by demonstrating racial differences in longitudinal CKD progression 
from young to middle adulthood using modified KDIGO categories that incorporated eGFR and UACR in combination. 
In our study, racial differences in CKD progression were mainly explained by absolute FVC,11 with considerable 
differences for high vs low FVC. The reasons underlying racial differences in FVC remain unresolved but prior studies 

Table 3 (Continued). 

CKD Risk Category Transitions

Transition 1:  
From No CKD into ≥ 

Low Risk

Transition 2:  
From ≤ Low Risk into ≥ 

Moderate Risk

Transition 3:  
From ≤ Moderate Risk into 

≥ High Risk

High serum triglycerides
n/N 1081/3718 494/4169 219/4346

HR (95% CI) 1.46 (1.29–1.66) 2.38 (1.95–2.90) 4.93 (3.50–6.95)
Change race β† 0.056 0.056 0.093

% Change race β† 17.2 7.10 6.20

Low HDL–C
n/N 1081/3718 494/4169 219/4346

HR (95% CI) 1.39 (1.22–1.58) 2.26 (1.86–2.75) 4.55 (3.24–6.40)

Change race β† 0.007 0.004 0.013
% Change race β† 1.50 0.80 0.90

Obesity
n/N 1081/3718 494/4169 219/4346
HR (95% CI) 1.29 (1.14–1.47) 2.03 (1.66–2.48) 4.18 (2.96–5.91)

Change race β† −0.067 −0.1 −0.072

% Change race β† –20.8 –12.5 –4.70

Black participants (vs White participants) after further adjustment for all variables

n/N 867/3718 387/4169 175/4346

Change race β† −0.174 −0.39 −0.111

HR (95% CI) 1.16 (0.98–1.38) 1.53 (1.17–1.99) 4.02 (2.60–6.22)
% Change race β† –53.6 –47.5 –7.40

Notes: *Adjusted for age, sex, and education. †The percent change was calculated from the originally estimated logarithms of HR for race relative to the 
estimated logarithms of HR for race adjusted for clinical predictors at a time. 
Abbreviations: CKD, chronic kidney disease; FVC, forced vital capacity; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; hsCRP, high- 
sensitivity C-reactive protein; ln, natural logarithm; SD, standard deviation.
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suggested that height and frame size may be more important to explain these differences than socioeconomic, nutritional, 
and environmental factors.40,41

Consistent with our findings, higher burden of chronic disease and earlier onset of multimorbidity were observed in 
Black than in White middle-aged Americans.42 Hypertension, diabetes, and obesity are intertwined (cardiometabolic 
syndrome) and are well-known risk factors for CKD and ESKD.2,3,5 These traditional risk factors at younger age were 
strongly associated with CKD progression in a previous CARDIA analysis.11 In a nationally representative sample, the 
prevalence of CKD decreased from 2003–2006 to 2015–2018 within the high-risk group for diabetes and CVD, but rising 
rates of obesity, hypertension, and diabetes offset all progress achieved through the improvement of CKD rate, under-
scoring the importance of addressing these important risk factors in an effort to lower the overall burden of CKD.43 

Development of cardiometabolic dysfunction early in life among Black Americans may indicate earlier and longer 
cumulative exposure to risk factors that contribute to higher risk of CKD progression.44,45 Overall, a set of individual risk 
factors studied could account for about half of the racial difference in less severe CKD progression and, to a smaller 
extent, in more severe CKD transitions. In parallel to the clinical factors, a number of social components that are 
complexly interrelated (so-called systemic racism) may also comprise a part of an explanation for racial differences in 
CKD progression: health services (eg, access to and quality of care and insurance status), physical environment (eg, 
housing quality and stability, neighborhood, and transportation), social environment (eg, educational level, income level, 
and discrimination), social support, and health literacy.8,46 Our findings add to published findings in CARDIA delineating 
several ways in which social determinants of health and clinical factors contribute to Black-White differences in risky 
behaviors,47 obesity,48 and CVD.49 Moreover, racial disparities in CKD may be explained by variants in the APOL1 gene 
that were known to link with end-stage kidney disease and CKD in Black people, but rarely occurs in White people. In 
previous CARDIA work, in fully adjusted analysis, the estimated population attributable fraction of albuminuria 
incidence explained by APOL1 high-risk genotype was 10.8% among Black participants.50 The remaining difference 
in CKD progression could be attributable to unmeasured factors or other biological, genetic, and environmental factors. 
Further research is needed to better understand contributors to racial differences in CKD progression.

The strengths of our study were first, CARDIA is a community-based, long-term follow-up longitudinal study with 
a high follow-up rate among survivors. Second, a wide range of clinical variables were assessed and repeatedly measured 
many times, allowing for the calculation of the average effect over 20 years. Third, CKD was identified based on 
a modified KDIGO 2012 classification that suggested using eGFR and UACR in combination, and dynamic progression 
across CKD categories with non-traditional and conventional factors was evaluated. Lastly, our findings for FVC, which 
substantially explained the relationship between race and CKD progression, were novel and can provide further insight 
into a factor yielding potential racial differences in CKD progression. This study also has several limitations. The 
observational nature of this study precludes causal inference and residual confounding may exist. Additionally, CARDIA 
included only Black and White Americans, other races were not represented.

The findings of our longitudinal study suggest that CKD progression is more common in Black than White counter-
parts during the transition from young to middle-aged adulthood. Moreover, these differences may be explained partly by 
key non-traditional and conventional risk factors that showed apparent differences in CKD transition probabilities 
between them, notably FVC, hypertension, and obesity. Important factors in avoiding CKD progression include 
hypertension, diabetes, absolute FVC, and obesity.11 In this paper, we showed that FVC, hypertension, and obesity are 
dominant in explaining the race difference in CKD progression and both were more strongly related to UACR changes 
than to eGFR changes. Preserving kidney function is important for all persons, regardless of their race. However, given 
the disproportionate burden of risk factors for CKD among Black adults, it is particularly important to address the risk 
factors for CKD in Black adults in order to reduce disparities in CKD and its downstream consequences including end- 
stage renal disease and cardiovascular disease. Because CKD progression can begin in younger adulthood and is 
attributed to various adverse health conditions, the implication is that primordial prevention should begin early in 
adult life.
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Conclusions
To close the equity gap related to the foremost risk factors for CKD and burden of CKD, strategic actions are needed to 
eliminate the determinants of population health known to increase risk of CKD progression and improve the health of 
individuals, families, and communities in the context of racial disparities. Currently, there are no recommendations for 
CKD screening by the US Preventive Task Force. Blood pressure and BMI measurement are currently recommended for 
screening in young people every year. Assessment of eGFR and albuminuria should also be considered, especially if 
other known risk factors for CKD are present, such as diabetes or hypertension. Screening may be particularly crucial for 
young Black adults due to their elevated risk of chronic kidney disease progression.
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