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Abstract

Purpose—This study aimed to describe substance use (SU) among adolescents and young adults 

(AYA) with chronic kidney disease (CKD), compare these findings with the general population, 

and identify associated risk factors.

Methods—708 AYA participants contributing 2475 person-visits from the Chronic Kidney 

Disease in Children (CKiD) Study were used to estimate prevalence rates of past year and 30-day 

alcohol, cigarette, e-cigarette and marijuana use, and were compared with national surveys. 

Repeated measures logistic regression estimated the association between SU and participant 

characteristics.

Results—There was nearly no SU among those 12 to 14 years, but use increased with age, and 

past year alcohol use was about 80% for those ≥22 years. Rates of use among males were constant 
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or increased with age, while rates of use among females were lower after age 22 compared to ages 

18 to 22. Associated risk factors included non-Black and non-Hispanic identity, older age, and 

worse disease severity. CKiD participants were less likely to use substances compared to the 

general population, especially those 14–18 years.

Conclusions—SU was less common in AYA with CKD than the general population, but 

differences were attenuated among those ≥18 years. Ages 12–14 appear to be the ideal time for 

prevention efforts. As the landscape of e-cigarette and marijuana policies change, these results 

underscore the need to understand how similar high-risk populations engage in SU.
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INTRODUCTION

Children, adolescents and young adults (AYA) with chronic kidney disease (CKD) can 

experience many developmental challenges in the physical, cognitive and social domains (1). 

This population is at high risk of diminished quality of life, growth impairment, and long-

term health complications that continue into adulthood (2–4), in addition to the normal 

psychosocial challenges of adolescence. Due to extensive time spent in clinics and parental 

management of their condition, AYA with CKD often report frustration at the limitations 

caused by their disease (5). This population may be at higher risk of using substances 

because novelty and experimentation may be particularly enticing, or they may be at lower 

risk because research has shown that dealing with a chronic condition heightens health 

awareness and discourages risky health behaviors (6). There is limited research to determine 

where AYA with CKD fall on this spectrum, and the aim of this analysis was to provide 

additional research to address the gap in knowledge.

Previous research identified harmful effects of secondhand smoke on pediatric CKD 

progression (7,8), particularly proteinuria. In addition, current and lifetime use of alcohol, 

cigarettes, e-cigarettes and marijuana were estimated in an adolescent-only population of up 

to 390 children with CKD, dialysis or with a kidney transplant (9,10). To our knowledge, a 

comprehensive investigation of alcohol, tobacco, e-cigarette and marijuana use across a 

wider age range of AYA with CKD prior to the initiation of transplant or dialysis in a large, 

representative cohort has not been completed.

The goal of this study was to characterize substance use (SU) in a representative population 

of children from 12 to young adults (older than 18 years of age) with CKD prior to the 

initiation of kidney replacement therapy (KRT), and identify risk factors for use in the 

Chronic Kidney Disease in Children (CKiD) Study. We aimed to quantify the prevalence 

rates of alcohol, tobacco, e-cigarette and marijuana usage in this population by age and sex, 

and compare findings to the general United States AYA population. We additionally aimed 

to identify putative associations between SU and clinical and demographic characteristics 

through a risk factor analysis. Within the CKiD study, we hypothesized that older 

participants would be more likely to use substances, and that those with more severe CKD 
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would be less likely to use because of more complex disease management and poor general 

health. Compared to the US general AYA population, we hypothesized that CKiD 

participants would be less likely to use because of their experience living and dealing with 

their chronic condition.

METHODS

Study Population and Design

The CKiD Study is a multicenter, longitudinal cohort of children and AYA, enrolled between 

ages one and 16 years, with mild to moderate CKD recruited from 56 centers in the US 

(n=53) and Canada (n=3). CKiD completed three waves of recruitment: 2005–09 (median 

age at enrollment=10.9 years), 2011–14 (median age=12.0), and 2016–20 (median age=3.5).

Participants attended annual study visits with standardized collection of biological 

specimens and self-administered questionnaires. All participants and families provided 

informed assent/consent prior to study initiation, and protocols and procedures were 

approved by the Institutional Review Boards of participating sites. CKiD study design and 

methods have been previously described (1,11). Visits from 2005 through 2018 were used in 

this analysis.

Collection of Substance Use Measures

Participants ≥12 years of age answered questions on alcohol, cigarettes, e-cigarettes and 

marijuana. Instructions explained that responses were confidential. SU questions were 

implemented at study initiation in 2005, with the exception of e-cigarettes, and past 30-day 

alcohol and marijuana usage, which were implemented in September 2014.

At the baseline visit, participants were asked if they had ever used alcohol, cigarettes, e-

cigarettes or marijuana, and whether they had used these substances over the past 30 days. 

For subsequent visits, they were asked if they had used each substance separately over the 

past year. For alcohol, if they answered yes, they were then asked “during the past 30 days, 

on how many days did you have at least one drink of alcohol?”. For cigarettes, if they 

answered yes to using in the past year, they were asked “do you currently smoke tobacco?” 

and, if yes, “in the past year, what is the average number of cigarettes, cigars, cigarillos or 

little cigars you smoke per week?”. For e-cigarettes, if they answered yes to using in the past 

year, participants were asked “during the past 30 days, on how many days did you use an 

electronic vapor product?”. Finally, for marijuana, participants were asked “in the past year, 

how many times have you used marijuana?” and “during the past 30 days, how many times 

have you used marijuana?”.

For each substance, participants were classified as yes/no ever, past year, and past 30-day/

current users. To describe patterns of multiple SU, each person-visit was categorized as no 

use, alcohol only, alcohol plus one or two other substances, all four substances, or at least 

one substance but in the absence of alcohol.
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Comparisons to National Estimates

Sex-stratified national prevalence estimates for ever and past 30-day SU came from three US 

representative surveys using appropriate age ranges for comparison. For those 14 to <18 

years, estimates were from the 2017 Youth Risk Behavior Surveillance System, a CDC 

coordinated survey that is administered to high school students (generally >14 years) every 

two years (12,13). For ≥18 years, alcohol, cigarette and marijuana use estimates were from 

the 2017 National Survey on Drug Use and Health (14,15). Estimates of e-cigarette use 

among those ≥18 years were from the 2018 National Health Interview Survey (16).

Covariates

Age was categorized in two-year bins from 12 to <22, and then ≥22 years. Kidney disease 

etiology was classified by underlying primary CKD diagnosis (non-glomerular/glomerular) 

(17,18). Estimated glomerular filtration rate (eGFR; ml/min|1.73m2) (19), proteinuria (urine 

protein-to-creatinine ratio; uPCR, mg/mgCr), and CKD risk categories were used to measure 

CKD severity, categorized as A, B and C, D and E, and F and eGFR<15 (end-stage kidney 

disease (ESKD)), representing mild to severe disease, respectively (20).

Sociodemographic variables included sex (male/female; (12)) race (Black/non-Black), 

ethnicity (Hispanic/non-Hispanic), annual income (≤$36,000, >$36,000 to ≤$75,000, >

$75,000), maternal education (less than college vs. some college or more), and ever having 

previously lived in a household with a smoker. All sociodemographic variables were self-

reported. Clinical comorbidities included uncontrolled high blood pressure (BP; systolic BP 

≥120 or diastolic BP ≥80 (21)), and anemia (hemoglobin <5th percentile for age, sex and 

race (22)). Age, ever having previously lived with a smoker, eGFR, uPCR, CKD risk 

category, BP and anemia were treated as time-varying and were updated at each annual 

study visit.

Statistical Analyses

Prevalence rates for SU (ever, past year, current/30-day) were estimated by age category and 

sex per person-visit using repeated measures logistic regression models. Generalized 

estimating equations accounted for within-individual correlation to produce valid 95% 

confidence intervals. The same methods were used to calculate prevalence rates of SU, 

stratified by 14 to <18 vs. ≥18 years, for comparisons with the general population, as well as 

for estimating prevalence rates for combination SU. Analyses of combination SU were 

restricted to after September 2014 to allow all four substances to be reported. Additionally, 

we performed a supplementary analysis investigating how past year SU may change over 

calendar years within age groups. Time was stratified into two year increments (2005–06, 

2007–08, up to 2017–18).

Repeated measures logistic regression models were used to estimate the odds ratios (ORs) 

for the association between kidney, clinical and demographic characteristics (as predictors) 

and past year and current use of each substance (as outcomes). For each outcome, bivariate 

models were first adjusted only for categorical age. Multivariate models were adjusted for 

age, sex, race, ethnicity, maternal education, income, primary CKD diagnosis, and CKD risk 

category, and then additionally for uncontrolled BP, and anemia.
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To investigate the association of concomitant cigarette use with e-cigarettes, we compared 

the odds of current cigarette use with e-cigarette use as the exposure, controlling for age and 

sex. Using the same approach, we assessed the association between cigarette and e-cigarette 

use (past year and current) as the outcome, and living with a smoker as the exposure.

Statistical significance was assessed at p<0.05. Analyses were performed in Stata Version 15 

(College Station, TX).

RESULTS

Description of Study Population

A total of 708 CKiD participants contributed 2475 person-visits, with 876 (35.4%) occurring 

after September 2014. The median number of person-visits contributed was 3 (IQR: 2, 5; 

maximum: 10); the median years over follow-up was 3.0 (IQR: 1.0, 5.0; maximum: 12.2).

Table 1 presents a description of the person-visit characteristics included in the analytic 

sample stratified by age (range: 12.0 to 27.5 years; a histogram of the age distribution is 

presented in Supplemental Figure 1). A total of 74.3% of person-visits were completed by 

those 12 to <18 years (1840/2475 person-visits) and 4.3% were ≥22 years. Visits from those 

in older age categories were more likely to have an annual household income of >$75,000 

(42.3% for those ≥22 years vs. 28.0% among 12–13 years) and were more likely to have 

glomerular CKD (38.7% for ≥22 years vs. 23.1% for 12–13 years). eGFR was similar across 

groups, but uPCR increased with age.

Substance Use Prevalence Rate Estimates in CKiD

Figure 1 displays prevalence rates of past year alcohol, cigarette, e-cigarette and marijuana 

use. In general, SU increased with age and males reported more use. There was low reported 

past year use of all substances among those 12 to <14 years (<4% for alcohol, and <3% for 

cigarettes, e-cigarettes and marijuana). For alcohol, prevalence rates increased with age, the 

highest observed among those ≥22 years for both males and females (83.6% and 78.3%, 

respectively). Males consistently reported alcohol consumption at higher rates than females, 

with the exception of those 20 to 21 years, where 55.9% of males and 71.0% of females 

reported use. For past year cigarette usage, prevalence rates consistently increased with age 

among males (32.1% of those ≥22 years). While 20% of female person-visits among those 

20 to 21 years reported cigarette use, this rate dropped to 12.5% for those ≥22 years. A 

similar trend was observed for e-cigarette use: males reported the highest rate in the ≥22 age 

group at 28.6%; females reported 21.2% e-cigarette use at 20 to 21 years, but only 7.9% at 

≥22 years. Marijuana use was consistent with this pattern as well. Inferences were similar 

for ever and current use across all substances (Supplemental Figure 2).

We also investigated how age-specific past year SU changed over time (in two year intervals 

from 2005 to 2018), for alcohol, cigarettes, e-cigarettes and marijuana, but trends were 

largely constant with no discernable patterns over time (Supplemental Figure 3).
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Comparisons to National Estimates

Table 2 compares CKiD prevalence rates of ever and current use with national US estimates, 

for those 14 to <18 and ≥18 years. CKiD prevalence rates were consistently lower than 

national estimates for both sexes, with the exception of e-cigarette use for those ≥18. Those 

14 to <18 in CKiD reported considerably lower SU compared with the general population. 

For example, comparing CKiD vs. the general population for males, ever alcohol use was 

25.6% vs. 58.1%, and ever cigarette use was 11.7% vs. 30.7%, respectively. However, 

disparities between CKiD and the general population did seem to attenuate when comparing 

estimates for those 14 to <18 years, to those ≥18 years for many substances.

Combination Substance Use and Measures of Frequency

Because of minimal to no reported substance in the youngest age group, those 12 to <14 

years were excluded from all further analyses in this manuscript. Figures 2a and 2b display 

past year and current combination SU as prevalence rates, stratified by 14 to <18 vs. ≥18 

years in the CKiD cohort. For those 14 to <18, over 80% and 90% reported no SU over the 

past year and currently, respectively. For past year use among those ≥18 years, 33.9% 

reported using no substances, 33.9% reported solely using alcohol, 21.4% reported alcohol 

plus one or two other substances, and 5.4% reported all four. Only 5.4% reported using any 

substance(s) in the absence of alcohol. Current use exhibited a similar trend. We also 

described the frequency of SU among those 14 years and older reporting current use, 

averaged across sex and all ages. For alcohol, 49.1% reported consuming alcohol ≤2 days 

over the previous 30 days, and the proportion

Those in ‘No Alcohol or SU’ category reported using no substances; those in the ‘Alcohol 

Only’ category reported using solely alcohol; those in the ‘Alcohol + 1 SU’ category 

reported using alcohol plus one of the other reported substances (cigarettes, e-cigarettes or 

marijuana); those in the ‘Alcohol + 2 SU’ category reported using alcohol plus any 

combination of two of the other reported substances; those in the ‘All’ category reported 

using all four substances; those in the ‘No Alcohol, ≥1 SU’ category reported using 

cigarettes, e-cigarettes or marijuana singularly or in any combination but in the absence of 

alcohol. 95% CIs for estimates under 0.05 were not calculated. SU = substance use. declined 

as use increased. For cigarettes, 28.6% reported smoking ≤2 cigarettes per week, and 20.5% 

reported more than 30 cigarettes per week. For e-cigarettes, 57.8% reported using ≤2 days 

over the past month. Marijuana was more evenly distributed, with 25.4% and 27.1% 

reporting using ≤2 and 21–30 times over the previous month, respectively. A full description 

is presented in Supplemental Figure 4.

Substance Use Risk Factor Analysis

Table 3 presents model results of risk factors for past year SU for those ≥14 years: models 

were bivariate (adjusted for age only), and multivariate (adjusted for age, sociodemographic 

and clinical variables). Those 14 to <18 years had consistently lower odds of past year use of 

any substance compared to those 18 to <20 years. Older age was typically associated with 

increased odds of past year use with a few exceptions: those ≥22 years were equally or less 

likely to use both cigarettes and e-cigarettes.
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Males were more likely to smoke cigarettes (adjusted OR: 2.12, 95%CI: 1.23, 3.65) and 

marijuana (aOR: 2.19, 95%CI: 1.27, 3.76) over the past year. Participants identifying as 

Black were less likely to report use; this was statistically significant for alcohol (aOR: 0.56, 

95%CI: 0.34, 0.94) and cigarettes (aOR: 0.36 95%CI: 0.16, 0.81). Severe CKD, based on 

CKD risk category, was associated with higher odds of cigarette (aOR: 2.89, 95%CI: 1.45, 

5.78) and e-cigarette use (aOR: 3.64, 95%CI: 1.24, 10.73). Uncontrolled BP was associated 

with higher odds of use for all substances, but only marijuana was statistically significant 

(aOR 1.71, 95%CI: 1.14, 2.57). The same models were fit for current use with similar results 

(Supplemental Table 1).Lastly, we found that the odds of current cigarette use was 8.71 

(95%CI: 4.01, 18.90) times higher among those who reported currently using e-cigarettes, 

controlling for age and sex. The odds ratio of past year and current cigarette use for those 

who ever lived with a smoker (vs. never lived with a smoker), controlling for age and sex, 

was 2.99 (95%CI: 1.94, 4.60) and 4.54 (95%CI: 2.69, 7.69), respectively. For e-cigarettes, 

those who had had ever previously lived with a smoker had increased odds of past year (OR: 

2.48, 95%CI: 1.34, 4.60) and past 30-day (OR: 2.43, 95%CI: 1.25, 4.71) e-cigarette use.

DISCUSSION

Using a large cohort of AYA with CKD, we described SU in this population, compared 

prevalence rates to national estimates, and identified risk factors for use of each substance. 

Consistent with previous studies, older age was strongly associated with SU (23) and alcohol 

was the most commonly reported (12), a phenomenon also observed in the general 

adolescent population (24). While prevalence rates of nearly all substances consistently 

increased with age and plateaued among adolescent and young adult males, young adult 

females appeared to lose interest: cigarette, e-cigarette and marijuana use decreased by early 

adulthood.

The prevalence rates of current alcohol use in this cohort were lower than prevalence 

estimates in the general population, and the disparity was greater among those 14–18 years. 

This was consistent with most substances (with the exception of e-cigarettes among young 

adults). These findings were also congruent with previous literature in a mostly non-CKD 

young adult population (25). Given the chronic nature of pediatric kidney diseases, we 

expected less use compared to peers overall because of parental supervision and potentially 

health-protective behaviors. Increased autonomy in young adults with CKD may lead to this 

diminished disparity with the general population, and highlights the importance of 

supporting the transition from pediatric to adult care through education and encouraging 

self-management of CKD, including limiting or abstaining from substances. However, these 

differences could in part be due to selection bias because CKiD participants and their 

families are involved in a longitudinal cohort study and may not be representative of the 

larger pediatric CKD population in terms of these behaviors (the Hawthorne effect).

Participants 12 to <14 years consistently reported nearly no current SU (0% to <1%), and 

incident and regular use in this population typically occurred after age 14, which has been 

observed in similar populations (10). Detecting incident use was a key feature of our study 

design, suggesting that interventions to discourage SU initiation will be optimal for those 

under 14 years.
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Among those who did report SU, the frequency was relatively low. Nearly half of alcohol 

users reported only one or two drinks in the past month. Similarly, among those reporting e-

cigarette use, about 60% reported using only one or two days in the past month. However, 

there were limited longitudinal data for e-cigarettes compared to other substances, and 

rapidly changing trends in e-cigarette use among AYA warrants further analysis (26). 

Similarly, while marijuana use and frequency among current users were low, there is a need 

for continued data collection as legalization policies for medical and recreational purposes 

become more common.

Previous e-cigarette use in high school children has been shown to be predictive of future 

cigarette use (27), and there is evidence that children living with a smoker are more likely to 

use cigarettes (28). In the present study, the odds of current cigarette use were far greater 

among those who reported using e-cigarettes, and the odds of past year and current cigarette 

and e-cigarette use among who had ever previously lived with a cigarette smoker were 

significantly higher as well. If AYA with CKD have a household member who smokes or 

uses substances, or if they themselves are using e-cigarettes, clinical considerations for this 

group is warranted. These findings also highlight the potential benefits of broader tobacco 

cessation campaigns which could benefit children living in smoking households.

We anticipated that those with worse kidney function would be less likely to engage in SU 

due to poor health, but the results did not support this hypothesis. Although we note that the 

overall prevalence rate for current use was low, more severe disease was associated with 

increased odds of cigarette smoking. A previous CKiD study showed that secondhand smoke 

exposure was associated with nephrotic range proteinuria (7), which was consistent with the 

results for cigarette smoking observed in this analysis. There may be confounding related to 

the close relationship between older age and disease severity because of the progressive 

nature of pediatric CKD, and cigarette smoking is more likely among older participants. 

Further research on the impact of cigarette smoking on CKD is needed to address this 

relationship.

There were several limitations to our analysis. First, although participants were assured of 

confidential responses, reporting bias remains a concern. We expect that SU was under-

reported for AYA, and acknowledge that differential reporting bias may be present in 

subpopulations. For example, we observed that Black participants were less likely to report 

use, and previous literature has demonstrated differential marijuana reporting among Black 

young adults without CKD (29). Second, there were no data on reason for SU, such as social 

settings (parties) versus isolation (coping or self-medication) which would be helpful to 

explain use and tailor interventions. Third, national surveys used slightly different 

questionnaires (13,14,16), but still offer important context to interpret study results. 

Additionally, there were limited data for those ≥22 years due to progression to KRT (18), 

and these data were not collected among those after KRT initiation. Our inferences are only 

generalizable to AYA with CKD prior to KRT. Lastly, biomarkers of SU were not collected 

which could identify potential reporting bias and agreement through objective measures.
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CONCLUSIONS

Although all participants were considered at risk for SU, we demonstrated that those ≥18 

years who identify as non-Black and non-Hispanic with worse disease severity are likely at 

highest risk, although the reasons for this are not entirely clear. We note that these risk 

factors are not deterministic or causal but may be used to guide clinicians on conversations 

regarding alcohol, cigarette, e-cigarette and marijuana use. Ages 12–14 may be the optimal 

time to initiate conversations and screening within this population in order to prevent use, 

using methods like Screening, Brief Intervention, and Referral to Treatment (referred to as 

SBIRT), or tools such as the Brief Screener for Tobacco, Alcohol and other Drugs (BSTAD) 

or Screening to Brief Intervention (S2BI), all of which have been validated and 

recommended for use in adolescent populations (30–32). It was encouraging that this 

population overall used substances at lower rates than the general population, indicating 

positive health choices on average and, at least with parental support, management of their 

condition by limiting SU.

These findings provide important SU data among AYAs with a history of a pediatric CKD. 

As new products like e-cigarettes evolve, marijuana policies change, and alcohol and 

tobacco remain public health problems, important conversations on SU prevention efforts 

should also be informed by the epidemiology in unique and high-risk populations like AYA 

with CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NHIS National Health Interview Survey

eGFR estimated glomerular filtration rate

uPCR urine protein-to-creatinine ratio

ESKD end-stage kidney disease

BP blood pressure

OR odds ratio

aOR adjusted odds ratio
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Figure 1. 
Prevalence rates of past year use for each substance, stratified by age category and child sex, 

presented as proportions with 95% confidence intervals. 95% CIs for estimates under 0.05 

were not calculated. Number of contributing person-visits reported in red and blue for 

females and males, respectively.
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Figure 2. 
Combinations of previous year (Figure 2a) and current (Figure 2b) substance use stratified 

by those 14 to <18 years of age vs. 18 or older among those who reported using during the 

corresponding time period. The maximum age observed was 27.5 years.
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Table 1.

Demographic and clinical characteristics of person-visits stratified by age among adolescents and young adults 

with CKD. The total number of person-visits is 2475 contributed by 708 individuals. Presented as n (%) or 

median [IQR].

Age Categories

12–13 14–15 16–17 18–19 20–21 22+

Person-Visits
a 589 (23.8) 641 (25.9) 610 (24.6) 357 (14.4) 172 (6.9) 106 (4.3)

Individuals
b 423 472 428 260 122 55

Demographics

Male 380 (64.5) 391 (61.0) 367 (60.2) 208 (58.3) 109 (63.4) 57 (53.8)

Black Race 117 (19.9) 139 (21.7) 113 (18.5) 75 (21.0) 41 (23.8) 24 (22.6)

Hispanic Ethnicity 71 (12.1) 87 (13.7) 71 (11.7) 46 (12.9) 21 (12.3) 10 (9.4)

Maternal Education: < 
college

205 (35.6) 259 (41.7) 220 (37.2) 124 (35.8) 54 (33.1) 37 (36.3)

Annual Income

 ≤$36k 233 (40.3) 250 (40.3) 212 (35.8) 112 (32.5) 49 (29.5) 32 (33.0)

 >$36k to $75k 183 (31.7) 184 (29.6) 163 (27.5) 91 (26.4) 42 (25.3) 24 (24.7)

 >$75k 162 (28.0) 187 (30.1) 218 (36.8) 142 (41.2) 75 (45.2) 41 (42.3)

Ever in household with 
smoker

165 (28.0) 207 (32.4) 194 (31.9) 121 (33.9) 70 (40.7) 34 (32.1)

Clinical Characteristics

Glomerular CKD 136 (23.1) 201 (31.4) 235 (38.5) 140 (39.2) 64 (37.2) 41 (38.7)

eGFR 50 [36, 64] 49 [34, 63] 52 [36, 70] 51 [38, 68] 55 [39, 68] 46 [32, 59]

uPCR 0.29 [0.12, 
0.94]

0.44 [0.15, 
1.32]

0.40 [0.14, 
1.16]

0.55 [0.16, 
1.44]

0.42 [0.15, 
1.15]

0.63 [0.18, 
1.55]

CKD Risk Category

 A 252 (45.2) 212 (35.9) 208 (36.2) 137 (40.8) 73 (46.5) 36 (36.0)

 B to C 181 (32.4) 209 (35.4) 206 (35.8) 129 (38.4) 59 (37.6) 41 (41.0)

 D to E 95 (17.0) 117 (19.8) 114 (19.8) 42 (12.5) 13 (8.3) 13 (13.0)

 F to ESKD 30 (5.4) 53 (9.0) 47 (8.2) 28 (8.3) 12 (7.6) 10 (10.0)

Uncontrolled BP 108 (18.6) 173 (27.6) 194 (32.2) 138 (39.3) 72 (42.4) 39 (37.1)

Anemia 216 (37.8) 225 (36.4) 199 (33.5) 103 (29.5) 49 (30.4) 31 (30.4)

a
Columns of demographic and clinical characteristics represent numbers and percentages of person-visits, not individuals

b
As data are longitudinal, and study visits occurred annually, individuals may have contributed to more than one age group column, as well as to 

each column more than once
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Table 2.

Comparison of CKiD and United States national prevalence estimates for alcohol, cigarette, e-cigarette and 

marijuana use.

14 to under 18/High School 18 and older

CKiD National CKiD National

Alcohol

Ever

 Males 21.4 25.6 30.3 56.2 58.1 60.0 56.5 64.6 71.9 78.9 80.1 81.3

 Females 15.5 20.3 26.0 58.4 62.6 66.6 56.2 65.0 72.8 80.9 82.0 83.1

Current

 Males 2.5 5.0 9.5 25.1 27.6 30.1 36.9 46.1 55.6 55.7 57.2 58.7

 Females 0.8 2.4 7.2 28.7 31.8 35.1 42.8 54.3 65.3 53.9 55.4 56.9

Cigarettes

Ever

 Males 8.8 11.7 15.5 27.8 30.7 33.7 26.8 34.7 43.5 53.1 54.5 55.9

 Females 4.8 7.5 11.7 23.9 27.3 31.0 16.1 24.7 35.9 43.0 44.5 46.0

Current

 Males 2.0 3.2 5.2 8.3 9.8 11.6 12.0 16.7 22.9 24.6 25.9 27.2

 Females 1.1 2.3 4.9 6.0 7.8 9.9 3.3 6.8 13.3 17.7 18.7 19.7

E-cigarettes

Ever

 Males 7.4 12.8 21.2 42.4 44.9 47.4 20.9 29.7 40.2 28.0 31.1 34.2

 Females 1.2 4.0 12.4 35.8 39.7 43.9 17.9 28.7 42.5 19.0 21.6 24.2

Current

 Males 2.7 5.5 10.7 13.8 15.9 18.2 11.7 17.7 26.0 7.6 9.6 11.5

 Females 0.4 1.6 6.2 8.8 10.5 12.7 7.1 12.4 20.9 3.1 4.5 5.9

Marijuana

Ever

 Males 9.7 12.7 16.3 32.6 35.2 37.9 22.7 30.1 38.8 52.7 54.2 55.7

 Females 3.7 6.1 9.9 32.6 35.9 39.3 12.0 19.4 29.6 49.8 51.3 52.8

Current

 Males 1.8 4.1 9.1 18.2 20.0 21.8 11.4 17.9 27.1 23.8 25.0 26.2

 Females 0.1 0.8 5.5 17.4 19.6 22.0 5.5 10.9 20.4 18.0 19.2 20.4

Estimates presented as lower bound 95% CI percentage upper bound 95% CI. CKiD estimates are presented as prevalence rates, as person-visits 

were used as the denominator, and used data from both US and Canadian CKiD sites; US national estimates are presented as prevalences because 
individuals were used as the denominator. For those 14 to under 18 years, 2017 YRBSS data were used for all substances. For those 18 years and 
older, 2017 NSDUH data were used for alcohol, cigarette and marijuana estimates, and 2018 NHIS data were used for e-cigarette estimates.
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Table 3.

Bivariate and multivariate logistic regression models showing the odds ratios of past year substance use as the 

outcome for those 14 and older. Presented as OR (95% CI). Significant findings are bolded.

Alcohol Cigarette E-cigarette Marijuana

Variable Bivariate
b

Multivariate
c–e Bivariate Multivariate Bivariate Multivariate Bivariate Multivariate

Age 

category
a

 14 to <16 0.13 (0.09, 
0.19)

0.12 (0.08, 0.18) 0.15 
(0.09, 
0.25)

0.12 (0.07, 
0.22)

0.22 
(0.08, 
0.59)

0.23 (0.08, 
0.67)

0.26 
(0.16, 
0.42)

0.21 (0.12, 
0.35)

 16 to <18 0.34 (0.26, 
0.45)

0.34 (0.25, 0.46) 0.41 
(0.30, 
0.58)

0.38 (0.26, 
0.56)

0.35 
(0.17, 
0.73)

0.40 (0.18, 
0.90)

0.61 
(0.43, 
0.85)

0.58 (0.40, 
0.84)

 18 to <20 REF REF REF REF REF REF REF REF

 20 to <22 1.95 (1.39, 
2.74)

2.24 (1.55, 3.23) 1.28 
(0.89, 
1.84)

1.29 (0.83, 
2.01)

1.14 
(0.62, 
2.10)

1.25 (0.61, 
2.59)

1.06 
(0.66, 
1.70)

1.00 (0.59, 
1.69)

 ≥22 5.25 (2.33, 
11.85)

5.29 (2.28, 
12.26)

1.17 
(0.60, 
2.30)

0.99 (0.48, 
2.05)

0.80 
(0.33, 
1.94)

0.74 (0.27, 
2.04)

1.12 
(0.54, 
2.32)

1.15 (0.54, 
2.49)

Male 1.19 (0.83, 
1.70)

1.30 (0.89, 1.90) 1.89 
(1.12, 
3.18)

2.12 (1.23, 
3.65)

2.23 
(1.21, 
4.11)

1.96 (0.99, 
3.86)

1.96 
(1.17, 
3.28)

2.19 (1.27, 
3.76)

Black race 0.44 (0.27, 
0.70)

0.56 (0.34, 0.94) 0.38 
(0.19, 
0.76)

0.36 (0.16, 
0.81)

0.54 
(0.27, 
1.09)

0.72 (0.30, 
1.71)

0.62 
(0.33, 
1.18)

0.59 (0.29, 
1.19)

Hispanic 
ethnicity

0.91 (0.50, 
1.65)

1.15 (0.61, 2.17) 0.52 
(0.24, 
1.10)

0.54 (0.23, 
1.28)

0.35 
(0.12, 
1.04)

0.42 (0.12, 
1.48)

0.66 
(0.28, 
1.55)

0.63 (0.25, 
1.61)

Maternal 
education:
less than 
college

0.70 (0.48, 
1.02)

0.78 (0.50, 1.20) 1.17 
(0.71, 
1.94)

1.20 (0.68, 
2.11)

1.17 
(0.62, 
2.21)

1.55 (0.72, 
3.35)

1.05 
(0.64, 
1.72)

1.05 (0.63, 
1.74)

Income

 ≤$36k 0.56 (0.34, 
0.91)

0.61 (0.36, 1.03) 0.73 
(0.39, 
1.36)

0.90 (0.46, 
1.76)

0.43 
(0.20, 
0.92)

0.36 (0.15, 
0.89)

1.11 
(0.61, 
2.02)

1.27 (0.68, 
2.39)

 >$36k to 
$75k

REF REF REF REF REF REF REF REF

 >$75k 1.23 (0.80, 
1.89)

1.20 (0.75, 1.90) 0.86 
(0.49, 
1.51)

0.90 (0.50, 
1.64)

0.72 
(0.34, 
1.54)

0.82 (0.38, 
1.77)

1.17 
(0.66, 
2.07)

1.09 (0.61, 
1.98)

Glomerular 1.10 (0.77, 
1.58)

1.24 (0.84, 1.82) 0.98 
(0.60, 
1.61)

1.21 (0.72, 
2.03)

1.02 
(0.55, 
1.90)

1.19 (0.61, 
2.33)

0.94 
(0.58, 
1.52)

1.05 (0.64, 
1.74)

CKD Risk 
Category

 A REF REF REF REF REF REF REF REF

 B to C 1.05 (0.73, 
1.50)

1.29 (0.88, 1.87) 1.40 
(0.88, 
2.24)

1.57 (0.95, 
2.61)

1.29 
(0.64, 
2.63)

1.64 (0.75, 
3.57)

1.06 
(0.66, 
1.72)

1.22 (0.76, 
1.95)
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Alcohol Cigarette E-cigarette Marijuana

Variable Bivariate
b

Multivariate
c–e Bivariate Multivariate Bivariate Multivariate Bivariate Multivariate

 D to E 1.18 (0.74, 
1.89)

1.20 (0.74, 1.96) 1.84 
(1.02, 
3.30)

1.58 (0.83, 
3.01)

1.53 
(0.68, 
3.44)

1.95 (0.83, 
4.63)

1.12 
(0.64, 
1.98)

1.01 (0.55, 
1.86)

 F to ESKD 1.26 (0.76, 
2.09)

1.36 (0.77, 2.39) 3.33 
(1.78, 
6.25)

2.89 (1.45, 
5.78)

3.79 
(1.47, 
9.76)

3.64 (1.24, 
10.73)

1.59 
(0.84, 
3.04)

1.39 (0.71, 
2.72)

Uncontrolled 
BP

1.00 (0.75, 
1.34)

1.02 (0.74, 1.42) 1.50 
(1.01, 
2.21)

1.18 (0.76, 
1.85)

1.40 
(0.84, 
2.32)

1.23 (0.66, 
2.30)

1.82 
(1.29, 
2.56)

1.71 (1.14, 
2.57)

Anemia 0.86 (0.63, 
1.19)

0.86 (0.60, 1.21) 0.91 
(0.61, 
1.36)

0.58 (0.36, 
0.95)

1.27 
(0.76, 
2.14)

0.89 (0.46, 
1.73)

1.20 
(0.80, 
1.80)

1.14 (0.71, 
1.81)

a
Bivariate models for age category (14 or older) were univariate, with no other variables besides age included in model

b
Bivariate models, with the exception of age category models, included the variable at hand as well as age category (14 or older)

c
Odds ratios obtained for multivariate estimates for all variables besides uncontrolled BP and anemia adjusted for the following covariates: age 

category (14 or older), male sex, black race, Hispanic ethnicity, maternal education, income, glomerular disease, and risk category (Model 1)

d
Odds ratios obtained for multivariate estimates for uncontrolled BP used Model 1 + uncontrolled BP

e
Odds ratios obtained for multivariate estimates for anemia used Model 1 + anemia
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