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Abstract

Objective—We sought to evaluate the cardiovascular impact of coding variants in the 

apolipoprotein L1 gene APOL1 that protect against trypanosome infection but have been 

associated with kidney disease among African-Americans.

Approach and Results—As part of the Cardiovascular Health Study, a population-based 

cohort of Americans aged ≥65 years, we genotyped APOL1 polymorphisms rs73885319 and 

rs71785153 and examined kidney function, subclinical atherosclerosis, and incident 

cardiovascular disease and death over 13 years of follow-up among 91 African-Americans with 

two risk alleles, 707 other African-Americans, and 4964 white participants. The high-risk 

genotype with two risk alleles was associated with two-fold higher levels of albuminuria and 

lower ankle-brachial indices but similar carotid intima-media thickness among African-

Americans. Median survival among high-risk African-Americans was 9.9 years (95% confidence 

interval [CI] 8.7-11.9), compared with 13.6 years (95% CI, 12.5-14.3) among other African-

Americans and 13.3 (95% CI, 13.0-13.6) among whites (p 0.03). The high-risk genotype was also 

associated with increased risk for incident myocardial infarction (adjusted hazard ratio 1.8; 95% 

CI, 1.1-3.0) and mortality (adjusted hazard ratio 1.3; 95% CI 1.0-1.7). Albuminuria and risk for 

myocardial infarction and mortality were nearly identical between African-Americans with 0-1 

risk alleles and whites.

Conclusion—APOL1 genotype is associated with albuminuria, subclinical atherosclerosis, 

incident myocardial infarction, and mortality in older African-Americans. African-Americans 

without two risk alleles do not differ significantly in risk of myocardial infarction or mortality 

from whites. APOL1 trypanolytic variants may account for a substantial proportion of the excess 

risk of chronic disease in African-Americans.
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Introduction

African-American (AA) adults are at risk for several morbidities including hypertension, 

peripheral artery disease, and diabetes.1-3 They are at particularly high risk for several types 

of chronic kidney disease (CKD), even accounting for associated risk factors.4 Although 

these findings suggest that genetic variants associated with CKD may exist in AA 

populations, this hypothesis remains elusive.5

Recent mapping studies among AA implicate a chromosome 22 locus in a surprising range 

of CKD among AA.6, 7 Subsequent studies have linked specific variants in the gene 

encoding apolipoprotein L1 (APOL1) to focal segmental glomerulosclerosis, human 

immunodeficiency virus-associated nephropathy, and hypertension-attributed end-stage 

renal disease.8-10 Furthermore, these variants appear to have originated within the last few 

thousand years and been subjected to strong selection pressure.11 These variants are absent 

in non-AA populations, and their gene products lyse Trypanosoma brucei rhodesiense in 

vitro while wild-type apolipoprotein L1 does not.8 Because these variants occur on over 

30% of AA chromosomes, they potentially explain a large proportion of the excess CKD 

among AA. Indeed, AA participants without two risk alleles appear to have nearly the same 

rates of albuminuria and CKD as whites.12, 13

Given the strong associations of diminished estimated glomerular filtration rate (eGFR) and 

albuminuria with risks of subclinical atherosclerosis, cardiovascular disease, and death in 

older adults,14-17 the potential burden of morbidity and mortality related to these APOL1 

variants may be substantial and extend well beyond CKD. Indeed, in the Jackson Heart 

Study and Women’s Health Initiative, individuals with two risk variants appeared to have 

roughly double the risk of cardiovascular disease, although the two studies had no 

information on mortality and included only 12 cases of myocardial infarction (MI) among 

high-risk subjects.18 Paradoxically, those studies also found that high-risk genotype was 

associated with less coronary artery calcification, but had no information on ankle-brachial 

index (ABI), which is strongly related to AA race.18

To better understand the associations of these variants with a full range of cardiovascular 

and renal outcomes and death, we examined APOL1 variants in a community-living 

population of older adults with detailed measures of clinical and subclinical vascular 

disease.

Materials and Methods are available in the online-only Data Supplement.

Results

Among AA participants, the numbers of participants homozygous wild-type, heterozygous, 

and homozygous variants at G1 were 513, 249, and 36 (minor allele frequency 0.20; Hardy-
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Weinberg p=0.41). The corresponding figures for G2 were 604, 173, and 19 (minor allele 

frequency 0.13; Hardy-Weinberg p=0.12). A total of 91 (11%) AA participants had two risk 

alleles. As expected, no individual had more than two risk alleles.

Table 1 shows participant characteristics according to APOL1 status. There were no 

significant differences between AA participants with and without two risk alleles in the 

characteristics shown, including fasting lipids and C-reactive protein. Consistent with 

expectation, AA participants had a greater prevalence of hypertension and diabetes and 

higher body-mass index than whites.

Kidney Function and Subclinical Atherosclerosis

Table 2 shows results for kidney function and subclinical atherosclerosis. We observed no 

difference in mean eGFR between AA participants with zero or one versus two risk alleles, 

nor a difference in the rate of change of eGFR between the groups. Analyses using baseline 

eGFR or creatinine (rather than cystatin) yielded similar results. There was also no 

significant association between APOL1 genotype and eGFR below 60 among AA 

individuals (adjusted odds ratio 1.4; 95% confidence interval [CI], 0.8-2.4; p=0.29). In 

contrast, APOL1 genotype was strongly associated with mean albuminuria, with two-fold 

higher levels among AA participants with two risk alleles but similar levels among other AA 

and white participants. We also observed a strong positive association of having two risk 

alleles with ascending categories of micro- and macroalbuminuria (adjusted odds ratio 2.9; 

95% CI, 1.6-5.1; p<0.001).

Similarly, we observed an association of ABI, but not carotid IMT, with APOL1 genotype. 

AA participants had lower mean ABI values than did whites, regardless of genotype, but 

those with two risk variants had significantly lower values than did those with fewer. The 

prevalence of an ABI below 0.9 was higher among those AA participants with two risk 

alleles than those with fewer (adjusted odds ratio 1.6; 95% CI, 1.0-2.7; p=0.001).

Incident Cardiovascular Disease and Mortality

Figure 1 illustrates the association of APOL1 genotype with mortality. Individuals with two 

APOL1 variants had the greatest mortality, while mortality was virtually identical among 

white and AA participants with one or fewer variants. Median survival among AA 

individuals with two risk alleles was 9.9 years (95% CI, 8.7-11.9), compared with 13.6 (95% 

CI, 12.5-14.3) among other AA and 13.3 (95% CI, 13.0-13.6) among whites (log-rank p 

0.03).

Table 2 illustrates the adjusted associations of genotype with incident cardiovascular events 

and death over a median of 13 years of follow-up. MI risk was approximately 80% higher 

among participants with two risk alleles than other AA participants; whites and AA 

participants with fewer than two risk alleles had comparable risk. Similarly, risk of death 

was approximately 30% higher among those participants with two risk alleles compared 

with other AA participants. The magnitude of higher risk was modestly higher for non-

cardiovascular than cardiovascular deaths, but the estimates did not differ significantly when 

modeled simultaneously in competing risk analyses (p=0.72). As with MI, cause-specific 
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mortality was essentially identical between white and AA participants with fewer than two 

risk alleles. For both MI and mortality, the observed hazard ratios were not attenuated by 

adjustment for eGFR. Hazard ratios for specific causes among non-cardiovascular deaths are 

shown in Supplemental Table III. We did not observe differences in rates of total stroke or 

congestive heart failure according to APOL1 genotype. There were also no significant 

difference between AA participants with two or fewer risk alleles in risk of ischemic stroke 

(n=799 cases; adjusted hazard ratio 1.1; 95% CI, 0.6-2.0), but only 102 cases of hemorrhagic 

stroke occurred overall and none among AA participants with two risk alleles (p=0.41 for 

comparison across three race-APOL1 groups). Similarly, we documented 309 incident cases 

of clinically significant peripheral artery disease, of which 9 occurred among high-risk 

APOL1 individuals. Nonetheless, results largely concord with those seen for ABI. Compared 

with lower-risk AA, hazard ratios were 1.5 (95% CI, 0.7-3.1) for AA with two risk alleles 

and 0.7 (95% CI, 0.5-0.9) for white participants.

Sensitivity Analyses

We examined the dose-response relationships of APOL1 variants with albuminuria, ABI, 

and risks of MI and mortality. In all four instances, higher risk was limited to individuals 

with two risk alleles (data not shown). Although power was limited, we also observed 

generally similar associations with albuminuria and ABI for homozygosity at either G1 or 

G2.

We repeated our primary analyses within subgroups defined by age or diabetes and observed 

generally consistent positive associations (Supplemental Table I). Similarly, genotype did 

not interact with age or diabetes on albuminuria (p>0.10) or with age on ABI (p=0.99), but 

did so nominally with diabetes on ABI (p=0.02). The difference in ABI between AA 

participants with two risk alleles and those with fewer was 0.00±0.02 units among non-

diabetic individuals (p=0.99) and 0.11±0.03 among diabetic participants (p<0.001).

In analyses of categorical outcomes (albuminuria, low ABI, MI, and death) adjusted for 

commonly collected clinical characteristics (Supplemental Table II), we found no consistent 

attenuation of the associations across outcomes with this additional adjustment. We also 

repeated our analyses among the subset of 781 AA participants with available markers of 

ancestry. We found no attenuation with adjustment for albuminuria. Estimates for ABI, MI, 

and death were attenuated by ~20% with adjustment.

APOL1 genotype was not consistently associated with retinal vascular caliber; it was 

marginally associated with smaller arteriolar diameter but not venular diameter, although 

both differed significantly between AA and white participants (Supplemental Table IV).

Lastly, we compared the associations with mortality of two APOL1 variant alleles with two 

APOE4 alleles. Among 5396 participants with available data on both loci, the mutually 

adjusted hazards ratios for mortality were 1.3 (1.0-1.7) for APOL1 and 1.4 (1.1-1.8) for 

APOE4 (p=0.78 for comparison of APOL1 and APOE).
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Discussion

In this prospective study of older adults over two decades, APOL1 genotype was related to 

albuminuria, peripheral atherosclerosis, and risk of MI and death. AA participants with two 

risk alleles had a median survival approximately three years lower than other AA individuals 

or whites, and AA participants with fewer risk alleles had levels of albuminuria and risk of 

MI essentially identical to whites.

Humans are innately immune to Trypanosoma brucei infection for all but two subspecies - 

gambiense and rhodesiense – which cause African sleeping sickness. This immunity results 

from apolipoprotein L1, a Bcl-2-like protein carried on dense high-density lipoprotein 

particles that enters the parasitic lysosome after endocytosis,19 where it forms disruptive, 

trypanolytic pores.20 T. Brucei rhodesiense produces serum resistance associated protein, 

which interacts with the C-terminal helix of apolipoprotein L1 in the lysosome to limit its 

pore-forming activity and induce resistance.21 As a consequence, T. brucei infection poses a 

serious burden to individuals at or below child-bearing age in Africa.22

APOL1 variants appear to have emerged relatively recently and become prevalent among 

African populations because they may protect against sleeping sickness. Much like those 

hemoglobinopathies that confer protection from malarial infection,23 the protein products of 

these APOL1 variants retain trypanolytic activity against T. brucei rhodesiense (but not 

gambiense) species, albeit at an apparent cost of long-term kidney and related chronic 

disease. The G2 variant, which encodes a two amino-acid deletion in the C-terminal domain, 

prevents serum resistance associated protein from binding to apolipoprotein L1 in vitro. The 

mechanism by which the G1 variant retains pore-forming activity is less clear, but both 

amino-acid substitutions appear to be necessary for maximal effect.8

Our results expand the risks associated with APOL1 genotype. Previously, the G1 and G2 

variants at this locus had been associated in AA with hypertension-associated end-stage 

renal disease, focal segmental glomerulosclerosis, and human immunodeficiency virus-

nephropathy.8, 9 Among non-diabetic individuals in the Dallas Heart Study, APOL1 

genotype was also associated with microalbuminuria and eGFR <60 ml/min per 1.73 m2, 

with a prevalence of non-diabetic CKD among AA without two risk alleles (1.7%) that 

matched that of whites (1.5%).12 Among AA with end-stage renal disease, APOL1 risk 

variants appear to confer a lower age at initiation of dialysis24 and more rapid progression of 

existing CKD.13 The mechanism by which these variants contribute to kidney disease 

remains uncertain, although indirect genetic evidence suggests that the APOL1 locus is 

likely to be causal.11

In CHS, APOL1 genotype was strongly associated with albuminuria, a strong risk factor for 

mortality.15 It was not associated with mean eGFR, either cross-sectionally nor 

longitudinally, much as AA race is associated with albuminuria but not with eGFR in CHS,5 

although we observed a trend toward higher risk of eGFR <60 ml/min per 1.73 m2. We 

previously observed a parallel finding in the Dallas Heart Study, with a strong association 

with low eGFR but not with mean eGFR.12 Other studies have also found a lack of 
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association with eGFR,25 suggesting that albuminuria is a more sensitive marker of the 

nephrotoxic effects of APOLI genotype.

The prevalence and magnitude of effect of APOL1 genotype is noteworthy. The combined 

minor allele frequency was approximately one-third, and more than 10% of AA individuals 

had a high-risk genotype, suggesting that over 4 million Americans may have this genotype. 

Further, the high-risk two-allele genotype was associated with approximately 80% higher 

risk of MI, higher than any single nucleotide polymorphism identified in genome-wide 

association studies to our knowledge.26 The magnitude of the association with albuminuria 

also exceeds that observed for polymorphisms found in genome-wide association studies.27 

Thus, APOL1 appears to parallel APOE as among the few loci that harbor common 

polymorphisms with strong effects on the widespread chronic diseases of older age.

Our results suggest that a potentially large proportion of the excess risk of morbidity and 

mortality among AA beyond kidney disease alone relates to APOL1 genotype. The 90% of 

AA participants with no or one risk allele had virtually identical cardiovascular and non-

cardiovascular mortality and kidney function to white participants. However, our results 

suggest that APOL1 genotype does not fully explain the excess risk of peripheral 

atherosclerosis observed among AA adults,28 for ABI remained higher even among those 

without two risk alleles, and genotype was not associated with carotid IMT, hypertension, or 

congestive heart failure. Furthermore, genotype clearly does not explain racial disparities in 

access to health care29 or risk of mortality unrelated to chronic disease,30, 31 and hence race 

remains more than a simple genetic construct32 even when race-specific disease loci are 

identified.

Although we genotyped nearly 800 AA individuals, the number of high-risk AA participants 

limited some analyses. For example, because we measured albuminuria four years after most 

AA participants enrolled, we could not reliably estimate whether excess mortality associated 

with APOL1 genotype was mediated by albuminuria; the high-risk stratum included 54 

individuals and 27 subsequent deaths at that point. Clarification of that point will be 

important in future studies, as proteinuric kidney disease remains a likely mechanism by 

which APOL1 genotype might influence vascular disease and mortality. Similarly, we had 

limited ability to examine subgroups in which genotype might be most important, although 

we found no clear differences by age or diabetes.

In summary, APOL1 genotype was strongly associated with albuminuria, ABI, and risks of 

MI and mortality in older AA adults. Mean albuminuria and risks for MI and mortality did 

not differ between AA with no or one risk alleles and whites, suggesting that this locus may 

account for much of the excess risk of these conditions among AA adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance

Recently described APOL1 risk variants appear to protect against trypanosomiasis but 

have been associated with specific forms of kidney disease among individuals of African 

descent. In a population-based study of older adults, we find that rates of kidney disease, 

myocardial infarction, and total mortality were identical among whites and African-

Americans who did not have the high-risk genotype, suggesting that potentially all of the 

excess risk of mortality, albuminuria, and MI among African-Americans may be 

attributable to their carriage of these alleles. Also, the high-risk genotype was associated 

with both total mortality and peripheral atherosclerosis, highlighting the importance of 

this locus for cardiovascular health among African-Americans.
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Figure 1. 
Kaplan-Meier estimates of survival are shown according to APOL1 genotype. The blue line 

indicates white participants, the red line African-American participants with 0-1 risk alleles, 

and the gray line African-American participants with two risk alleles. The curves differed 

significantly from each other (log-rank p 0.03). The number of participants at risk in each 

stratum in five-year increments is shown below.
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Table 1

Baseline characteristics of CHS participants according to APOL1 genotype.

AA 2 Risk Alleles
(N=91)

AA 0-1 Risk Alleles
(N=707)

White
(N=4964)

Age, years 73.5 (5.9) 72.7 (5.6) 72.8 (5.6)

Female 53 (58) 450 (64) 2812 (57)

Current smoking 14 (15) 111 (16) 555 (11)

Body-mass index, kg/m2 28.5 (4.9) 28.6 (5.6) 26.3 (4.5)

Prevalent coronary heart
disease

16 (18) 141 (20) 975 (20)

Prevalent congestive heart
failure

9 (10) 45 (6) 215 (4)

Hypertension 69 (76) 516 (73) 2780 (56)

Diabetes 26 (29) 170 (25) 725 (15)

Total cholesterol, mg/dl 207 (35) 210 (40) 212 (39)

High-density lipoprotein
cholesterol, mg/dl

57 (17) 58 (15) 54 (16)

Triglycerides, mg/dl 102 (75-127) 102 (79-136) 124 (95-170)

C-reactive protein, mg/L 3.7 (1.8-9.2) 3.3 (1.6-6.9) 2.4 (1.2-4.3)

Creatinine, mg/dl 1.1 (0.3) 1.1 (0.6) 1.1 (0.3)

eGFR, ml/min/1.73 m2 76 (21) 80 (22) 77 (19)

Entries in table are N (%) for categorical variables and mean (standard deviation) for continuous variables, excepting triglycerides and C-reactive 
protein (median, interquartile range). eGFR indicates estimated glomerular filtration rate.
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Table 2

Measures of kidney function and subclinical atherosclerosis according to APOL1 genotype.

AA 2 Risk Alleles
(N=91)

AA 0-1 Risk Alleles
(N=707)

White
(N=4964)

P-value
(0-1 vs. 2 Risk Alleles)

Kidney Function

Mean eGFR (ml/min/1.73m2) 76.3 (72.2-80.4) 78.6 (77.1-80.1) 71.7 (71.2-72.2) 0.31

Decline in eGFR per year
(ml/min/1.73m2)

1.5 (0.6-2.4) 1.6 (1.3-1.9) 1.5 (1.4-1.6) 0.76

Mean albuminuria (mg/g
creatinine)

27.9 (19.8-39.5) 14.6 (12.8-16.6) 13.5 (12.8-14.2) <0.001

Subclinical Atherosclerosis

Ankle brachial index
(mmHg/mmHg)

0.98 (0.94-1.01) 1.02 (1.01-1.03) 1.06 (1.06-1.07) 0.02

Composite carotid intima-media
thickness (SD units)

0.16 (0.03-0.35) 0.15 (0.08-0.22) −0.02 (−0.05 - 0.002) 0.90
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Table 3

Hazard ratios for incident cardiovascular disease and mortality according to APOL1 genotype.

AA 2 Risk
Alleles

AA 0-1 Risk
Alleles

White
(N=4964)

P-value
(0-1 vs. 2 Risk

Alleles)

Individuals / Person-Years 91 / 882 707 / 7831 4964 / 60526

Cardiovascular Disease

Myocardial Infarction, N 19 84 779

    Adjusted Hazard Ratio (CI) 1.8 (1.1-3.0) Referent 1.1 (0.9-1.4) 0.02

Stroke, N 12 114 846

    Adjusted Hazard Ratio (CI) 0.9 (0.5-1.7) Referent 0.9 (0.7-1.1) 0.80

Congestive Heart Failure, N 23 182 1407

    Adjusted Hazard Ratio (CI) 1.0 (0.6-1.5) Referent 0.9 (0.7-1.0) 0.98

Mortality

Total Mortality, N 61 401 3366

    Adjusted Hazard Ratio (CI) 1.3 (1.0-1.7) Referent 1.0 (0.9-1.1) 0.05

Cardiovascular Mortality, N 23 159 1334

    Adjusted Hazard Ratio (CI) 1.3 (0.8-2.0) Referent 1.0 (0.8-1.1) 0.31

Non-Cardiovascular Mortality, N 38 240 2026

    Adjusted Hazard Ratio (CI) 1.4 (1.0-1.9) Referent 1.0 (0.8-1.1) 0.05
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