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ARTICLE INFO ABSTRACT

Keywords: Background: Smoking and chronic kidney disease (CKD) have a disproportionately high prevalence among African

Race American (AA) adults, but their impact on mortality among AA adults is not well known.

MortalitY Methods: Given the lack of evidence in published literature on specific factors affecting the relationship between

g:;:kei};dmease CKD and mortality among AA adults, we examined the influence of smoking on mortality among AA adults with

Risk & CKD. National Health and Nutrition Examination Survey (NHANES, 1999-2010) data were analyzed with study
participants prospectively followed up for mortality analysis through December 31, 2019, using National Death
Index (NDI) death certificate records.
Results: A total of 6,108 AA adults were included in the study sample, with more than two-fifths (44.9%) being
smokers and 6.3% having CKD. AA individuals with CKD had 2.22 (95% CI = 1.38-3.57) times the risk of car-
diovascular mortality, but when stratified by smoking, AA individuals with CKD who were current smokers had
3.21 times the risk of cardiovascular mortality. Similarly, in AA with CKD, the risk of all-cause mortality was
3.53 (95% CI = 1.31-9.47), but when stratified by smoking status, AA individuals with CKD who were current
smokers had 5.54 times the risk of all-cause mortality.
Conclusions: Smoking and CKD are highly prevalent in AA individuals and frequently cooccur, leading to higher
rates of mortality. Smoking cessation interventions should be a priority in collaborative care models and inter-
disciplinary care teams for AA with CKD and current smoker status.

Introduction teristics may play a role, while a few studies found no influence of so-

cioeconomic characteristics.?:°-%10 Given the lack of evidence in pub-

African Americans (AA) have disproportionately high rates of
chronic diseases, resulting in higher mortality and lower life ex-
pectancy.'* For example, recent estimates suggest that AA are signifi-
cantly more likely to have chronic kidney disease (CKD), kidney failure,
or associated mortality when the rates for several other groups are ei-
ther declining or stabilizing.>” Also, in a recent comprehensive review,
most studies (24 out of 36 reviewed) found a higher risk of CKD pro-
gression among AAs compared to others. However, in this review, it was
also noted that for most studies (18 out of 27), there were no significant
differences in survival rates and only 5 studies indicated an increased
risk of mortality in AA individuals with CKD.® 1t is frequently proposed
that the higher rates of CKD and its progression in AA are due to lower
socioeconomic status and lifestyle risk factors (e.g., diet, exercise, and
smoking).*8-° However, regarding mortality due to CKD in AA, some
studies have shown that both behavioral and sociodemographic charac-

lished literature on specific factors affecting the relationship between
CKD and mortality (overall and CVD) among AA individuals, we exam-
ined the influence of smoking on CKD and mortality (overall and CVD)
relationship among AA individuals. Smoking was specifically examined
due to its high prevalence among AA adults and the associated burden
of chronic health conditions due to smoking among AA adults.

Methods
Study Sample and Measures

National Health and Nutrition Examination Survey (NHANES, 1999-
2010) data were analyzed for this study.'’>!? Study participants 20
years of age or above were considered for the analytic sample that was
representative of noninstitutionalized African American adults across
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Table 1
Characteristics of sample participants stratified by smoking status
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Characteristics

Total population (n = 6108)

Smoking (+) (n = 2739) Smoking (-) (n = 3369)

Mean age* (years, 95% CI)
Female (%, 95% CI)
Education level (%, 95% CI)**

Less than high school

High school grad

Some college and beyond
Family Poverty Income Ratio (%) (PIR < 1)**
Mean BMI (kg/m?)
Chronic Kidney Disease (%, 95% CI)*
Hypertension (%, 95% CI)’
Diabetes (%, 95% CI)**
Hypercholesterolemia (%, 95% CI) (Ref: LDL < 240 mg/dL)**

43.9 (43.4-44.5)
55.6 (54.5-56.8)

29.4 (27.1-31.7)
24.7 (22.9-26.4)
45.9 (43.9-48.0)
23.3 (21.4-25.3)
30.2 (30.0-30.5)
6.31 (5.7-7.0)

31.3 (30.0-32.7)
12.2 (11.2-13.2)
36.3 (34.5-38.1)

47.3 (46.7-48.0)
46.7 (44.1-49.3)

41.5 (40.8-42.2)
62.1 (60.6-63.6)

36.0 (33.3-38.7)
25.5 (23.5-27.6)
38.5 (36.2-40.9)
27.7 (25.4-30.0)
29.4 (29.1-29.7)
7.4 (6.4-8.5)

35.1(33.2-37.1)
14.4 (12.9-15.9)
42.9 (40.2-45.7)

24.7 (22.3-27.1)
24.0 (21.7-26.3)
51.3 (48.6-54.0)
20.2 (18.1-22.4)
30.8 (30.4-31.2)
5.5 (4.8-6.4)
28.6 (26.9-30.3)
10.7 (9.4-11.9)
31.7 (29.7-33.7)

4.8 (4.1-5.6) 2.8 (2.3-3.3)
805 542
217 144

Stroke (%, 95% CI) 3.6 (3.2-4.1)
All deaths (N)* 1347
Cardiovascular deaths** 361

Note:
* p <.05.

** p < .01. Numbers with 95% CI indicate 95% confidence intervals for proportions.Smoking + and - indicate participant report of whether they were

current smokers.

the nation. Study participants were prospectively followed up for over-
all mortality and cardiovascular (International Classification of Diseases,
10th revision, codes I-00 to I-99) mortality analysis through Decem-
ber 31, 2019, using probabilistic matching between NHANES and Na-
tional Death Index (NDI) death certificate records.'''4 For CKD cate-
gorization, we calculated the glomerular filtration rate (GFR) using the
Cockcroft-Gault equation. Participants with a GFR < 59 mL/min/1.73
m? were considered to have CKD.%13:14 Smoking status was defined
by dichotomizing the response to the following question: “Do you now
smoke?” status. If the respondent answered “every day” or “some days”
to the question, then they were considered to be positive for smok-
ing status. However, if the respondent answered “not at all” then these
individuals were to be negative for smoking status. Participant char-
acteristics such as age, sex, education, smoking, family income, and
BMI were analyzed for this study. For income, FIPR (family income to
poverty ratio) was utilized. For hypertension, stroke, and diabetes his-
tory, self-reported data from NHANES survey were utilized. For hyperc-
holesterolemia, the level of cholesterol was determined through labora-
tory tests and dichotomized according to previously validated standards.
For this study, 240 mg/dL was determined as hypercholesterolemia. Be-
fore data collection for the NHANES, NCHS Research Ethics Review ap-
proved all protocols and procedures.

Analysis

Initially, the study variables were analyzed using descriptive statis-
tics (e.g., frequency, percentage, and mean values). Next, a series of bi-
variate analyses using Chi-square tests were conducted to assess group
differences between participants who currently smoked versus those
who did not for sociodemographic and health-related characteristics.
Finally, multiple Cox regression models were constructed to examine
differences in mortality risk among those with CKD based on smoking
status and hazard ratios with 95% confidence intervals (HR, 95% CI)
were computed. In these models, to compute the risk of cardiovascular
and all-cause mortality among individuals with CKD based on current
smoking status, we adjusted for multiple sociodemographic and health-
related characteristics of study participants.

Results

A total of 6108 AA adults were included in the study sample, with
more than two-fifths (44.9%) being smokers and 6.3% having CKD.
Smokers were statistically significantly more likely to be older, be males,
have lower education, be below the poverty level, and have diabetes, hy-

pertension, or hypercholesterolemia. Among smokers, there were 805
deaths compared to 542 deaths among the nonsmokers upon a mean
of 8.4 years follow-up (Table 1). For overall mortality, when stratified
by smoking status, the mean years of follow-up was 7.6 years among
smokers and 8.1 years for nonsmokers. For cardiovascular mortality,
when stratified by smoking status, the mean number of years of follow-
up was 7.9 years among smokers and 8.1 years for nonsmokers. Figure 1
shows survivorship curves from life tables. There was a graded decline
in the proportion of individuals surviving with increasing severity of
CKD for both overall and cardiovascular mortality. Additionally, com-
pared to nonsmokers, smokers had a greater decline in the proportion
of individuals surviving for both overall and cardiovascular mortality.

Among the total study population, AA individuals with CKD had
2.22 times the risk of cardiovascular mortality than those without
CKD despite adjusting for sociodemographic and health-related factors
(Table 2). However, when stratified by smoking, AA individuals with
CKD who were current smokers had 3.21 times the risk of cardiovascu-
lar mortality (compared to those without CKD or smoking). Similarly, in
AA individuals with CKD, the risk of all-cause mortality was 3.53 times
higher. When stratified by smoking status, AA individuals with CKD
who were current smokers had 5.54 times the risk of all-cause mortality
(compared to those without CKD or smoking). For nonsmoking AA indi-
viduals with CKD, the risk of mortality was higher than for those without
CKD, but the hazard ratios were not statistically significantly higher. The
relationship between CKD and cardiovascular mortality was also moder-
ated by age, gender, income, education, and stroke history. In contrast,
the relationship between CKD and all-cause mortality was moderated
by income, education, stroke history, and hypercholesterolemia (mod-
els shown in Table 2).

Discussion

The results of this large nationwide study indicate that in AA adults,
CKD increases the risk of cardiovascular and all-cause mortality by more
than 2 and 3 times, respectively. Current smoking among AA with CKD
increases the risk of cardiovascular and all-cause mortality by more than
3 and 5 times, respectively, indicating the detrimental impact of smok-
ing. A cohort study of 7968 middle-aged adults in Taiwan found that the
risk of cardiovascular mortality was 2.02 times higher among individu-
als with decreased GFR and 3.34 times higher among individuals who
smoked and had decreased GFR (despite adjusting for cardiovascular
risk factors, age, and sex).'® These findings are numerically very similar
to our findings despite the stark differences in study period, region, and
other sociodemographic or health-related characteristics of study par-
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Figure 1. Survivorship curve for smoking status vs all-cause mortality (top left), smoking status vs cardiovascular mortality (top right), CKD vs all-cause mortality
(bottom left), and CVD vs all-cause mortality (bottom right).

Table 2
Mortality risk among African Americans based on smoking status and chronic kidney disease

Mortality predictors Cardiovascular mortality All-cause mortality

Full population HR

(95% CI)

CKD - smoking HR
(95% CI)

CKD + smoking HR
(95% CI)

Full population HR
(95% CI)

CKD - smoking HR
(95% CI)

CKD + smoking HR
(95% CI)

Chronic kidney disease (Ref

> 59 mL/min/1.73 m?)

Diabetes
Hypertension
BMI (kg/m?)

Hypercholesterolemia (Ref:

LDL < 240)
Stroke
Age

Gender (Ref: Female)
Family Poverty to Income

Ratio (Ref: PIR > 1)
Education level

Some college and beyond
High school graduate
Less than high school

2.22 (1.38-3.57)*

1.02 (0.69-1.50)
1.52 (0.90-2.59)
1.00 (0.97-1.04)
0.82 (0.58-1.16)

2.02 (1.32-3.09)*"
1.06 (1.03-1.08)""
0.61 (0.43-0.85)*"
1.46 (1.32-2.19)"

Ref
1.79 (1.15-2.76)*
1.46 (0.91-2.19)

1.43 (0.78-2.60)

0.95 (0.37-2.40)
1.40 (0.71-2.78)
1.02 (0.96-1.08)
0.76 (0.56-1.04)

2.41 (0.98-5.92)
1.07 (1.03-1.10)*
0.73 (0.45-1.17)"
1.24 (0.57-2.70)

Ref
2.39 (0.94-6.08)
2.30 (1.02-5.19)*

3.21 (1.63-6.31)*"

1.01 (0.68-1.51)
1.54 (0.85-2.81)
0.99 (0.96-1.02)
0.92 (0.52-1.63)

1.80 (0.99-3.29)
1.05 (1.02-1.08) "
0.69 (0.42-1.11)
1.69 (1.02-2.80)"

Ref
1.23 (0.76-1.99)
1.01 (0.59-1.73)

3.53 (1.31-9.47)"

0.90 (0.40-2.00)
1.16 (0.50-2.73)
1.02 (0.97-1.08)
3.04 (1.37-6.75)"

2.64 (1.19-5.85)"
1.03 (0.99-1.08)
0.65 (0.34-1.26)
2.86 (1.74-4.71)*"

Ref
2.79 (1.61-4.80)**
1.44 (0.52-3.97)

1.89 (0.57-6.30)

0.89 (0.14-5.61)
0.71 (0.25-2.02)
1.06 (1.00-1.12)
2.59 (1.00-6.70)

4.48 (0.69-28.0)
1.05 (1.00-1.11)
0.50 (0.23-1.12)
2.81 (0.72-10.9)

Ref
1.54 (0.42-5.61)
1.22 (0.28-5.29)

5.54 (1.45-21.3)"

0.84 (0.26-2.76)
2.01 (0.54-7.58)
1.01 (0.93-1.10)
4.63 (0.90-23.80)

1.79 (0.55-5.82)
1.03 (0.94-1.12)
1.08 (0.43-2.69)
1.99 (0.73-5.41)

Ref
5.35 (1.64-17.5)**
2.61 (0.54-12.59)

Note:

* p <.05.

** p < .01. HR (95% CI) indicates hazard ratios with 95% confidence intervals for the outcome (i.e., mortality).Ref indicates the reference group among each

variable for comparison with other groups.
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ticipants across the two groups. In another analysis of 8 cohort studies
with nearly 35,000 adults, 40-89 years old, in Japan, it was reported that
after adjustment for age and major cardiovascular risk factors, among
male and female current smokers with CKD, the risk was 2.26 and 1.78
times higher for all-causes of mortality, and 2.66 and 1.71 times higher
for cardiovascular disease mortality, respectively.'®

Given that smoking and CKD are highly prevalent in AA individ-
uals and frequently cooccur, multiple pathways could potentially ex-
plain the higher risk of mortality among AA with CKD if they smoke
(e.g., immune, inflammatory, vascular, biochemical, and metabolic
pathways).3>4 14,1617 For example, the KNOW-CKD prospective cohort
study from Korea found that smoking was associated with higher risk
of worsening kidney function and the risk of adverse kidney outcomes
was incrementally higher as smoking pack-years increased (in contrast,
smoking cessation was associated with attenuation of risk of adverse
kidney outcomes).'® Interestingly, a recent analysis of the REGARDS
study found that the risk of incident CKD and GFR reduction was higher
among those who were older and had lower income/education, high
blood pressure, high BMI, diabetes, heart disease, and current smok-
ing. Furthermore, these risk factors accounted for higher risk of incident
CKD in AA versus whites.? These findings and our analysis indicate that
preventive measures and therapeutic interventions for CKD risk factors
(e.g., smoking) could be highly valuable in reducing the disproportion-
ate burden of CKD and its associated morbidity and premature mortality
among AA adults.!#18

The results of this study should be interpreted considering poten-
tial limitations. First, there are numerous influences on mortality risk,
and we may not have accounted for all of them given the limitations
of analyzing existing data. Second, we utilized cross-sectional data from
NHANES which precluded the assessment of granular data (e.g., pro-
gression of CKD among individuals over time). Third, NHANES data are
subject to all threats to validity and reliability inherent to survey study
designs (e.g., self-reports and recall bias). Finally, longer duration of
follow-up for mortality could influence the results of this study, but the
analysis was limited to existing data available in NHANES and NDI. De-
spite these limitations, this study is one of the very few and largest stud-
ies assessing the risk of mortality among AA adults with CKD based on
current smoking status. A major strength of the study was that we were
able to discern that CKD not only causes increased overall mortality but
also leads to increased cardiovascular mortality. This is supported by
previous literature on the pathophysiological development of cardiore-
nal syndrome.® Another strength was that the analysis was adjusted for
several sociodemographic and health-related variables, and despite the
adjustments, smoking status modified the association between CKD and
all-cause and cardiovascular disease-related mortality.
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