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Purpose: To investigate the association between alcohol consumption and kidney stones in American adults.

Materials and methods: National Health and Nutrition Examination Survey (NHANES) datasets from 2007 to 2016 were utilized. Participants with a history of kidney stones and alcohol consumption aged 20 or older were included. Weighted proportions and regression analysis were used to assess the association between alcohol consumption and kidney stones by adjusting age, gender, race, marital status, education, recreational activities, smoking, and several comorbidities.

Results: Eleven population samples (Q1-Q11) were included from the NHANES dataset based on 11 questions compiled from the Alcohol Use Questionnaire (ALQ). In the fully adjusted regression model, none of these 11 samples demonstrated a significant association with urolithiasis, that is, alcohol consumption was not significantly associated with the incidence of kidney stones, even among heavy drinkers.

Conclusion: Alcohol consumption is not significantly associated with the prevalence of kidney stones. This finding requires a more adequate sample size and a more detailed review of the history of kidney stones to be further verified.

KEYWORDS
 kidney stones, alcohol consumption, NHANES, association, cross-sectional analysis


Introduction

Kidney stones have a high incidence rate worldwide that has been increasing every year (1–4). Alcohol is a common addictive substance, with about a third of the world’s population currently consuming it for different reasons (5). Previous studies have shown that fluid intake may be associated with kidney stone formation (6, 7), and alcohol is one of the important liquids. Some researchers believe that alcohol intake is negatively associated with the formation of kidney stones (8–12), while others believe that alcohol consumption is a risk factor for kidney stone formation (13, 14). We believe that research on the relationship between alcohol consumption and kidney stones is necessary to generate new ideas for the prevention and treatment of kidney stones, given the differing opinions.

The purpose of this study was to investigate the relationship between different drinking profiles and history of kidney stones by analyzing National Health and Nutrition Examination Survey (NHANES) cross-sectional data.



Materials and methods


Data resource and participants

NHANES, a major program of the National Center for Health Statistics (NCHS), is a program of studies designed to estimate the health and nutritional status of participants in the United States. The survey combines interviews and physical examinations. We utilized 5 continuous cycles of NHANES data from year 2007 to 2016. This cross-sectional study included 29,201 adult American participants aged 20 years or older. 317 subsequently pregnant participants were excluded. Furthermore, 2,483 participants with incomplete kidney stones history information or other factors unrelated to drinking were excluded. Finally, we compiled 11 questions from the Alcohol Use Questionnaire (ALQ), and excluded participants with incomplete information for each question separately to obtain 11 different samples, named Q1 to Q11. Detailed inclusion and exclusion standards are shown in Figure 1. Additionally, there were minor variations observed in the ALQs of certain cycles in NHANES. Therefore, the questions used to collect specific samples (Q1, Q4, Q5, Q6, Q8, Q9, Q10) underwent processing, as described in Supplementary Figure S1.

[image: Figure 1]

FIGURE 1
 Flow chart of the study population.




Results and exposure factors

Results of the questionnaire determines whether the participant has a history of nephrolithiasis. If the answer to the question “Have you ever had kidney stones?” is “yes,” we assume that the participant has a history of kidney stones. The veracity of self-reported was confirmed in a previous study (15).

The main exposure factor was the lifetime and current (during the past 12 months) alcohol consumption of the participants, as determined by the ALQ in NHANES 2007–2016. The type of alcohol consumed was not specified.



Covariates

In order to increase accuracy and credibility, we included the following covariates: age, gender, race, marital status, education, recreational activities, smoking, asthma, overweight, gout, congestive heart failure, coronary heart disease, angina, stroke, cancer, diabetes, hypertension, and BMI. According to the recommendations of NHANES, we devided the age into three groups: 20–39, 40–59, and ≥ 60 years. Races included Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, and other races. Marital status was categorized as married, widowed, divorced, separated, never married, and living with partner. Education level included less than 9th grade, 9-11th grade (includes 12th grade with no diploma), high school graduate/GED or equivalent, some college or AA degree, and college graduate or above. BMI was divided into <25, 25–30, and > 30 kg/m2. The comorbidities included asthma, overweight, gout, congestive heart failure, coronary heart disease, angina, stroke, cancer, diabetes, and hypertension.



Statistical methods

We used the NHANES recommended weighting data and the merging method. In the baseline characteristics table, categorical variables are expressed as proportions, and all continuous variables are treated as categorical variables, also expressed as proportions. The difference between those with and without kidney stones history was tested by survey-weighted Chi-square test.

To investigate the relationship between alcohol consumption and kidney stones prevalence, we applied three logistic regression models, including unadjusted, slightly adjusted, and fully adjusted covariates. Crude model was unadjusted. Model I was adjusted for age, gender and race. Model II was adjusted for age, gender, race, marital status, education, recreational activities, smoking, asthma, overweight, gout, congestive heart failure, coronary heart disease, angina, stroke, cancer, diabetes, hypertension, and BMI. The same method was used to examine 11 different population samples separately to explore the association between alcohol consumption and kidney stones prevalence. To better evaluate the relationship, we treated the continuous variables in the 11 samples as categorical variables and analyzed them to estimate trends. To examine the association between heavy drinking and kidney stones, we classified Q11 as <5 and ≥ 5, based on the Substance Abuse and Mental Health Services Administration (SAMHSA) definitions of heavy drinking and binge drinking, respectively. Additionally, we conducted a separate analysis to explore the relationship between the number of binge drinking days and kidney stones, using Q11 as a continuous variable. Finally, we performed a univariate analysis of the association of all confounders listed in the baseline tables with kidney stones.

We merged the sample weights of 5 continuous cycles according to the recommended method on the NHANES website.1 According to the suggestions, we used a weight that was appropriate for the variable of interest that was collected on the smallest number of respondents. All analyses were performed using R packages (http://www.R-project.org; The R Foundation) and EmpowerStats (www.empowerstats.com, X&Y solutions Inc., Boston, MA.). A 2-tailed p < 0.05 was considered statistically significant.




Ethics statement

The studies involving human participants were reviewed and approved by National Center for Health Statistics (NCHS) research ethics review board. The patients/participants provided their written informed consent to participate in this study



Results


Participants characteristics

Figure 1 shows the study design, inclusion and exclusion criteria. Eleven groups of American adults were included in the corresponding sample (Q1-Q11), and the number of people in each group is also shown. Supplementary Figure S1 shows the process of some questions in the ALQs of certain cycles in NHANES for better accessibility to the study sample (Q1, Q4, Q5, Q6, Q8, Q9, Q10). Table 1 shows the baseline demographic characteristics of the participants based on kidney stones history, using the population prior to classification by the ALQ. Patients with a history of kidney stones may be more likely to have other comorbidities than those without a history of kidney stones. Different histories of kidney stones may not be related to the level of education.



TABLE 1 Baseline characteristics of participants with and without kidney stone history.
[image: Table1]



Regression analysis

We put 11 samples (Q1-Q11) related to alcohol consumption into three logical regression models for analysis. Although Q1 was negatively correlated with the risk of kidney stones in crude model (OR = 0.70; 95%CI 0.60 to 0.82) and model I (OR = 0.76; 95%CI 0.64 to 0.90), it was not associated with kidney stones in model II (OR = 0.86; 95%CI 0.72 to 1.03). Q4 was positively correlated with the risk of kidney stones in crude model (OR = 1.34; 95%CI 1.02 to 1.76), but not in model I (OR = 1.01; 95%CI 0.76 to 1.33) and model II (OR = 1.06; 95%CI 0.79 to 1.40). The remaining samples were not associated with kidney stones in all three logical regression models (Table 2). In addition, we individually analyzed the effect of each covariate on the risk of kidney stones. When confounders were not considered, women appeared to be less likely to have kidney stones than men (OR = 0.76; 95% CI 0.68 to 0.85), and the risk of kidney stones seemed to be higher in those who smoked, were obese, and had other medical conditions. Interestingly, if covariates were not considered, those who were never married appeared to have a lower risk of kidney stones than those who were married (OR = 0.42; 95% CI 0.34 to 0.51). Furthermore, there was no association between education level and the risk of kidney stones (Table 3).



TABLE 2 Association between alcohol consumption and kidney stone.
[image: Table2]



TABLE 3 Univariate analysis for kidney stone.
[image: Table3]




Discussion

This cross-sectional study investigated the association between alcohol consumption and history of kidney stones by analyzing 5 cycles of the NHANES dataset. The results displayed that there was no significant correlation between both lifetime and current (past 12 months) alcohol consumption and a history of kidney stones, that is, there was no significant association between the amount and frequency of alcohol consumption and the prevalence of kidney stones, even among heavy drinkers.

Consuming alcohol is a mean of socializing in many cultures. Unfortunately, of the population that do consume alcohol, many is addicted and drink it without restraint. Alcohol consumption is associated with a series of health problems, such as diabetes, obesity (16, 17) etc. Diabetes and obesity have previously been reported to be risk factors for kidney stone formation (18, 19). Furthermore, alcohol consumption can cause kidney injury, inflammation and fibrosis, all of which are associated with the formation of kidney stones (20–22). Nevertheless, few studies have elucidated the direct correlation between alcohol consumption and kidney stones. In this study, although the direct association between alcohol consumption and kidney stones does not appear to be significant, other diseases associated with kidney stone formation due to alcohol consumption should be considered.

This study poses some limitations. First, we noticed that some questions in the ALQ explored alcohol consumption of participants in the last 12 months, however, the specific times of kidney stone occurrence for the corresponding participants were not specified in NHANES. As a result, it is unclear how data of participants with kidney stones that occurred before the last 12 months affect the results of this study. In addition, the ALQ questionnaire did not specify the type of alcohol consumed, which limits our ability to assess whether there is an association between different types of alcohol or alcoholic beverages and the formation of kidney stones. Furthermore, detailed data on the composition, size, and treatment history of kidney stones were not available in NHANES, therefore limiting our ability to investigate the correlation between alcohol consumption and different types of kidney stones.



Conclusion

By conducting a cross-sectional study of the available data in the NHANES dataset, we found that alcohol consumption is not significantly associated with the prevalence of kidney stones. This finding requires a more adequate sample size and a more detailed review of the history of kidney stones to be further verified.
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Without history With history

Non-weighted % (95% Cl)® Non-weighted % (95% Cl)®
\[eX \[e)
Total number of participants 23,986 2415
Age <0.0001
20-39 8532 3846 (36.99,39.94) 467 2136 (19.32,23.56)
40-59 8,025 3737 (36.37,38.38) 834 4249 (39.4145.63)
2600%) 7,429 2418 (23.12,25.26) 114 3614 (33.56,38.81)
Gender <0.0001
Male 11,559 47.85 (47.1848.52) 1338 5478 (52.2057.34)
Famale 12427 5215 (51.48,52.82) 1077 45.22 (42.66,47.80)
Race <0.0001
Mexican American 3684 8.72(7.18,10.55) 320 608 (4.53,8.10)
Other Hispanic 2543 578 (4.76.7.00) 286 519 (3.827.01)
Non-Hispanic White 9,719 65.71 (62.46,68.83) 1,306 7733 (73.79,80.52)
Non-Hispanic Black 5290 11,90 (10.33,13.68) 321 592 (4.847.22)
Other Race - Including Multi-
o 2750 7.89 (6.96,8.92) 182 5.48 (4.28,7.00)
Marital status <0.0001
Married 12134 5428 (52.77,55.78) 1406 6345 (60.56,66.24)
Widowed 1825 561(5.236.02) 243 6.54(5.677.53)
Divorced 2544 10.00 (9.43,10.60) 315 1235 (10.77,14.13)
Separated 806 239(213,.267) 85 223 (1.633.04)
Never married 4733 19.64 (18.24.21.12) 223 958 (8.14,11.25)
Living with partner 1944 809 (7.528.70) 143 585 (4.75,7.19)
Education level 0.262
Less than 9th grade 2,600 580 (5.19,6:47) 277 548 (4.546.60)
9-11th grade (Includes 12th
grade with o iploma) 3492 1105 (10.08,12.11) 354 11.29(9.82,12.94)
Highsehool gt/ GER ce 5426 2203(20.99.23.11) 549 2323 (20.61,26.07)
equivalent
Some college or AA degree 6,895 3126 (30.21,32.34) 733 3265 (30.25,35.14)
College graduate or above 5573 2986 (27.91,31.87) 502 2735 (23.81,31.21)
Moderate or vigorous
recreational activities at least <0.0001
10min continuously
NO 12423 45.43 (43.6447.24) 1453 53.62 (50.74,56.48)
YES 11,563 54.57 (52.76,56.36) 962 4638 (43.52:49.26)
Smoked at least 100 cigarettes in
e 0.0001
NO 13523 56.14 (54.89,57.38) 1,194 50.20 (47.05,53.35)
YES 10,463 43.86 (42.6245.11) 1221 49.80 (46.65,5295)
Asthma 00004
NO 20,654 85.55 (84.85,86.22 2,000 8245 (80.45,84.29)
YES 3332 14.45 (1378,15.15) 415 1755 (15.71,19.55)
Overweight <0.0001
NO 16,137 67.00 (66.05,67.94) 1324 52,84 (49.93,55.73)
YES 7849 33.00 (32.06,33.95) 1091 47.16 (44.27,50.07)
Gout <0.0001
NO 23,026 96.66 (96.27,97.01) 2207 9184 (90.3393.13)
YES 960 334(2993.73) 208 8.16 (6.879.67)
Congestive heart failure <0.0001
NO 23341 97.98 (97.71,98.23) 2,261 95.29 (94.26.96.15)
YES 645 202(1.77,2.29) 154 471(3.855.74)
Coronary heart disease <0.0001
NO 23,178 97.23 (96.8997.54) 2221 93.30 (91.98.94.42)
YES 808 277 2463.11) 194 670 (5.588.02)
Angina <0.0001
NO 23,503 98.33 (98.0898.54) 2287 95.48 (94.53,96.28)
YES 483 1.67(1.46,1.92) 128 452(3.72547)
Stroke <0.0001
No 23,191 97.51(97.2397.76) 2279 95.58 (94.8096.24)
YES 795 249 (224277) 136 442 (3.765.20)
Cancer <0.0001
NO 21,873 90.56 (90.0291.07) 2050 84,02 (82.22,85.67)
YES 2113 9.4 (8.939.98) 365 15.98 (14.33,17.78)
Diabetes <0.0001
NO 21,124 9134 (90.7291.92) 1,865 8171 (80.01,8330)
YES 2862 866 (8.089.28) 550 18.29.(16.70,19.99)
Hypertension <0.0001
NO 15878 7029 (69.21,71.35) 1,209 5451 (51.91,57.08)
YES 8,108 2971 (28.65,30.79) 1,206 45.49 (42.92,48.09)
BMI <0.0001
<25 7345 3173 (30.53,32.96) 496 20,58 (18.39,22.96)
25-30 7977 3361 (32.70,34.54) 837 3341 (31.12,35.78)
>30 8,664 3465 (33.54,35.78) 1,082 46,01 (43.6948.36)

% (95% CI), survey-weighted percentage (95% CI).
‘value of p was by survey-weighted Chi-square test.
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