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Background: Studies have revealed a relationship between dietary potassium intake and albuminuria, despite the fact that the human body needs a lot of potassium. Our study concentrated on the link between dietary potassium intake and albuminuria.

Methods: This study used subgroup analysis and weighted multivariate regression analysis. Data from the National Health and Nutrition Examination Survey (NHANES) were examined to determine the urinary albumin-to-creatinine ratio (ACR) and participant age (20 years or older). ACR >30 mg/g was the threshold for albuminuria.

Results: 7,564 individuals in all were included in the study. The link between the two was significant in both our original model (OR = 0.99; 95% CI, 0.98–0.99, p < 0.0001) and the minimum adjusted model (OR = 0.99; 95% CI, 0.98–0.99, p < 0.0001). A fully adjusted model did not change the significance of the negative correlation between potassium consumption and albuminuria (OR = 0.99; 95% CI, 0.98–1.00, p = 0.0005), indicating that each unit increase in potassium intake was related with a 1% decrease in the chance of developing albuminuria. The negative correlation between potassium intake and albuminuria was not significantly influenced by sex, age, BMI, hypertension, diabetes, or smoking, according to interaction tests (p for interaction >0.05).

Conclusion: Reduced risk of albuminuria was linked to higher dietary potassium intake. The particular mechanism linking the two still has to be explained by several inventive and prospective studies.
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1 Introduction

Albuminuria is the amount of albumin in the urine that exceeds the normal range and is often an important indicator of kidney disease. The kidney is one of the important organs in the human body, which is mainly responsible for excreting waste and regulating water, electrolyte and acid–base balance in the body. Albumin is an important plasma protein synthesized by the liver, reabsorbed by the renal tubules after glomerular filtration, and finally excreted from the body. When the glomerular filtration membrane is damaged or the renal tubule reabsorption function is reduced, it causes albumin to leak out of the urine, forming albuminuria. Potassium is one of the essential minerals in the human body and plays an important role in maintaining the normal function of the heart, muscles and nervous system. The kidney is one of the main organs regulating the balance of potassium in the human body, and maintains the stability of potassium in the body through excretion and reabsorption. When kidney function is impaired, potassium metabolism is disrupted, which in turn affects the normal function of the heart, muscles and nervous system. Recent studies have found that there is a certain relationship between potassium and albuminuria (1). Some studies have found that moderate potassium intake can reduce the risk of albuminuria, possibly because potassium promotes the reabsorption of albumin by the renal tubules, reducing albumin leakage from the urine. In addition, other studies have found that excessive potassium intake may increase the risk of albuminuria, possibly because excess potassium can cause a heavier burden on the kidneys, which in turn affects the function of the glomerular filtration membrane. In summary, there is a relationship between potassium and albuminuria, and moderate potassium intake may reduce the risk of albuminuria, but excessive potassium intake may increase the risk of albuminuria. Therefore, it is recommended that people according to their health conditions and eating habits, moderate intake of potassium. If you have kidney disease or other health problems, dietary adjustments and treatment should be made under the guidance of your doctor.

Albuminuria independently predicts cardiovascular disease (2) and chronic kidney disease (3). The ratio of urine albumin to creatinine (ACR), which is used to determine whether or not a person has albuminuria (increased excretion of urinary albumin), must be greater than 30 mg/g (4). Albuminuria can be detected using a variety of techniques, such as standard urine testing, protein qualitative analysis, urine microalbumin detection, etc. ACR detection is currently a relatively quick and accurate process, nevertheless (5). Multiple studies have found that albuminuria has become a serious public health problem, with The median prevalence of ACR ≥30 mg/g across cohorts was 32.1% in diabetes and 21.8% in hypertension (6). Therefore, research into albuminuria is crucial.

Potassium is a chemical element, located in the fourth period of the periodic table (7). Potassium is very active chemically and is a white metal with a soft texture, low boiling point, and melting point, and lower density than water (8). Potassium intake is very important to the body (9), serving as an electrolyte, balancing body fluids, and controlling muscles (10). A lack of potassium at the same time can lead to irregular heartbeats (11), insomnia (9), muscle cramps (12), and fatigue (13). In community-dwelling Japanese people, Kabasawa et al. discovered that dietary potassium intake was linked to higher albuminuria (14). According to Sharma et al., higher sodium and potassium intake is associated with a lower incidence of CKD in U.S. adults. These results should be confirmed by longitudinal studies and specially designed clinical trials to examine the effects of dietary sodium and potassium intake on kidney disease and its progression (15). It is possible to include dietary potassium consumption as an exposure variable because the association between potassium intake and albuminuria has been studied in Japan.

Dietary potassium intake and albuminuria have a complex relationship. CKD progression was found to be substantially faster in hyperkaluric people than in hypokaluric people in a study of patients with CKD stages 2–4 and the association between urine potassium and CKD progression and all-cause mortality (16). Another study discovered that the glomerular filtration rate was unrelated to the substantial association between each 1,000 mg increase in daily dietary potassium intake and a 29% reduction in the probability of developing proteinuria (17). Higher levels of the dietary protein-to-potassium ratio (NEAP) were linked to albuminuria and inversely connected with potassium consumption, according to research by Kabasawa et al. (18). However, we discovered contradictory findings from Kabasawa et al. twice about the link between albuminuria and potassium consumption.

So, we looked into the connection between albuminuria and potassium consumption. Additionally, it was proposed that a higher incidence of albuminuria was linked to a decreased potassium intake.



2 Materials and methods


2.1 Data sources and participants

The NHANES study evaluates children’s and adults’ nutritional and health status in the US. Children and adults were excluded from this study at the age of 20, and the evaluation study comprised data from questionnaire interviews, tests, and laboratory measurements (19). The board of the NCHS Research Ethics Review has approved the NHANES program of the National Center for Health Statistics. Legal guardians of survey participants under the age of 16 have additionally given written informed consent.

In this study, two cycles of NHANES, 2017–2018 and 2019–2020, were selected. In this study, the 2017–2018 cycle and the 2019–2020 cycle are selected, which are the two most recent cycles with new data. At the same time, this study selects two cycles of data volume to meet the requirements of data statistics. Not only these two cycles included complete dietary potassium intake and albuminuria data, but also the National Center for Health Statistics (NCHS) had merged data for these two cycles, and the data were reliable.

A flowchart of the research population selection is shown in Figure 1. According to the inclusion and exclusion criteria, this study excluded 6,328 people under the age of 20 from the 15,560 participants, excluded 913 people with missing creatinine ratio data, excluded 755 people with missing dietary potassium intake data, and finally included 7,564 people in the study.
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FIGURE 1
 NHANES participant selection flowchart for 2017–2020.




2.2 Definition of dietary potassium intake and definition of albuminuria

It was selected from the total nutrient intake on day 1 from diet interview data. Interviews were conducted in a fixed environment set up by NHANE, and subjects were provided with a set of test guidelines for reporting food intake. Dietary potassium intake in this study was set as the exposure variable in milligrams.

In this study, the variable URDACT was selected from laboratory data. The urine albumin/creatinine ratio in mg/g (URDACT) was calculated by dividing the urine albumin by the urine creatinine value and multiplying it by 100 (rounded to 2 decimal places). The simultaneous measurement of human urinary albumin is a solid-phase fluorescent immunoassay. Albuminuria was defined as URDACT >30 mg/g (20). Albuminuria was set as an outcome variable in this study.



2.3 Covariates

In this investigation, factors that could influence the inverse relationship between dietary potassium intake and albuminuria were included. Covariates include age, poverty-income ratio, total energy intake, total protein intake, dietary carbohydrate intake, dietary sugar intake, dietary total fat intake, dietary cholesterol, dietary calcium intake, caffeine intake, DBP, BMI, fasting blood glucose (21), serum creatinine (22), globulin, Triglycerides (23), uric acid (24), gender, race, education, marital status, drinking level, Hypertensive (25), exercise level, smoking level, etc. BMI, systolic and diastolic blood pressure are important indicators in health assessment, and they were used to analyze the health status of participants in the NHANES study. First of all, BMI (Body Mass Index) is a value obtained by dividing weight (kilograms) by the square of height (meters), used to assess the weight status of an individual. In NHANES, BMI is used to determine whether adults and children are in a healthy weight range, or whether they are underweight, overweight or obese. Second, Systolic Blood Pressure (SBP) refers to the highest pressure in the arteries when the heart contracts, often referred to as “high pressure.” When the heart contracts to pump blood into the arteries, the pressure inside the arteries rises and the blood pressure measured is called systolic. In NHANES, a measurement of systolic blood pressure is used to assess the risk of cardiovascular disease, and it is generally believed that a systolic blood pressure greater than or equal to 140 mmHg in adults may indicate an increased risk of hypertension. Finally, Diastolic Blood Pressure (DBP) is the lowest pressure in the arteries when the heart diastates, also known as “low pressure.” When the heart diastates and blood flows back to the heart, the pressure in the arteries decreases, and the blood pressure measured at this time is called diastolic pressure. In NHANES, diastolic blood pressure measurements are also used to assess the risk of cardiovascular disease, and it is generally believed that diastolic blood pressure greater than or equal to 90 mmHg in adults may indicate an increased risk of hypertension. These indicators are important for understanding the health status of the U.S. population, and they can help public health policymakers develop targeted health promotion programs and interventions. Through these data, we can monitor the prevalence trend of chronic diseases such as hypertension and obesity in the population, so as to provide a scientific basis for the prevention and control of these diseases. The income-to-poverty ratio in NHANES is a measure used to assess participants’ economic status and standard of living. Data on the income-to-poverty ratio is one of the important socioeconomic variables in the NHANES survey. These data are often used to analyze the relationship between health outcomes and economic status, as economic level has a direct impact on the health status of individuals and families. Alcohol consumption levels were assessed as to whether subjects had ever drank 4 to 5 drinks or more per day during their life, 4 drinks or more for women and 5 drinks or more for men. The exercise status questionnaire was set as follows: Does the profession require exerting high levels of effort for at least 10 min at a time, such as lifting or carrying heavy objects continuously, digging, or building work? Selecting smoking status, using a questionnaire, have you ever smoked at least 100 cigarettes in your life, including other tobacco use? 9th through 11th grade (including 12th grade without a diploma). Systolic blood pressure and diastolic blood pressure are, respectively, selected from the average value of three consecutive blood pressure measurement data.



2.4 Statistic analysis

Statistical studies were done using the R language (version 4.1.0) and EmpowerStats (version: 4.0). The baseline table of the research population was counted by dietary potassium groups, continuous variables were represented by means and positive and negative standard deviations, and weighted linear regression models were used to describe them.

Different models of the relationship between dietary potassium intake and albuminuria were tested using multivariate logistic regression. Race, age, and gender factors were adjusted in Model 2 but not in Model 1, Model 3 adjusted covariates poverty income ratio, total dietary energy, protein, dietary carbohydrate, sugar, fat, dietary cholesterol intake, dietary calcium intake, caffeine intake, DBP, BMI, fasting blood glucose, serum creatinine, globulin, Triglycerides, uric acid, gender, race, education, marital status, drinking level, hypertensive, exercise level, smoking level. In addition, stratification criteria for the subgroup analysis of the association between dietary potassium intake and albumin birds include gender, educational attainment, smoking status, diabetes, and hypertension. For continuous variables, the median was used as a replacement, and for categorical variables, the mode. Statistical significance is defined as p < 0.05.




3 Results


3.1 Baseline characteristic

According to the inclusion and exclusion criteria, there were 7,564 participants over the age of 20 in this study, and the average age of the participants was 50.62 ± 17.33 years old. The subjects in this study were 48.69% male, 51.31% female, 11.63% Mexican American, 26.72% non-Hispanic black, 35.75% non-Hispanic white, 10.23% other Hispanic, and 15.67% other races. The average dietary potassium intake was 2519.81 ± 1271.07 mg.

Table 1 presents the baseline characteristics of the dietary potassium intake tertile pairs. Among the tertile of dietary potassium intake, poverty-income ratio, total energy, marital status, total protein, gender, carbohydrates, education level, total sugar, total fat, dietary cholesterol, dietary calcium, race, caffeine, DBP, BMI, uric acid, fasting blood glucose, serum creatinine, globulin, Triglycerides, drinking level, hypertensive, exercise level, smoking level, and albuminuria were all statistically significant (p < 0.05). At the same time, 13.59% of subjects were classified as having increased urinary albumin excretion, which decreased with increasing dietary potassium intake. Overall, the third quartile of dietary potassium intake and the part with higher intake are more likely to have a low poverty-income ratio, high dietary total energy intake, high protein intake, high carbohydrate intake, high total sugar intake, high total fat intake, high cholesterol intake, high calcium intake, high caffeine intake, low DBP, low BMI, high serum creatinine, low globulin, high Triglycerides, high uric acid, male, non-Hispanic white, Some college or AA degree, Married/Living with Partner, non-drinking, non-hypertensive, non-participating in strenuous exercise, non-smoking, non-albuminuric subjects (see Table 2).



TABLE 1 Baseline characteristics of dietary potassium intake by quantile for the study population.
[image: Table1]



TABLE 2 Association between dietary potassium intake and albuminuria.
[image: Table2]



3.2 Relationship between albuminuria and dietary potassium intake

According to our research, a higher dietary potassium intake was linked to a lower risk of albuminuria. In our original model (p < 0.0001) and minimally adjusted model (p < 0.0001), there was a strong correlation between the two. This negative association between potassium intake and albuminuria remained significant in a fully adjusted model (p = 0.0005), indicating that each unit increase in potassium intake was associated with a 1% reduction in the risk of developing albuminuria. After conducting sensitivity analysis, it was discovered that patients in the third quartile had a statistically significant 26% lower incidence of albuminuria than those in the first quartile (p = 0.0016).

Table 3 is the multivariate logistic regression model for albuminuria. In fully adjusted models, age, education, smoking level, exercise level, BMI, SBP, DBP, hypertension, diabetes, uric acid, Triglycerides, total dietary protein intake, serum creatinine, and cholesterol were significantly (p < 0.05) associated with albuminuria. Subjects with 9-11th grade, High school graduate/GED or similar. Some college or AA degree, College graduate or above, and Subjects with Less Than 9th Grade Education were 35.3, 45.2, 48.4, and 63.2% Less Likely to Have Albuminuria, respectively. When compared to participants who engaged in vigorous activity regularly, those who did not had a 33.3% higher risk of developing albuminuria. Nonsmokers were 18.7% less likely to have albuminuria than smokers. At the same time, the possibility of non-hypertensive and non-diabetic albuminuria was reduced by 69.3 and 80.7%. For each unit increase of SBP and DBP, the possibility of albuminuria increased by 3.1 and 1.8%.



TABLE 3 Multivariate logistic regression model of albuminuria.
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3.3 Subgroup analysis

Figure 2 displays a subgroup analysis of the relationship between dietary potassium intake and albuminuria. We discovered erratic relationships between dietary potassium intake and a potential decline in albuminuria prevalence. By sex, age, and smoking, potassium intake was significantly associated with albuminuria in each subgroup. Among BMI subgroups, the association of potassium intake with albuminuria was significant for normal weight and overweight subgroups, but not statistically significant for lower weight and obese subgroups. Simultaneous interaction tests indicated that gender, age, BMI, hypertension, diabetes, and smoking had no significant dependence on the negative association between potassium intake and albuminuria.

[image: Figure 2]

FIGURE 2
 Subgroup analysis of association between dietary potassium intake and albuminuria.





4 Discussion

Based on the inclusion and exclusion criteria, 7,564 people participated in the study throughout the National Health and Nutrition Examination Survey (NHANES) cycle from 2017 to 2020. We discovered that people who consumed more potassium through their diets had a lower likelihood of having albuminuria. Interaction tests and subgroup analysis suggest that this link may hold across populations. Our findings suggest that consuming a diet rich in potassium may raise the likelihood of developing albuminuria.

Potassium is one of the important minerals for maintaining normal physiological functions of the human body and is also very important for kidney health. Proteinuria refers to the amount of protein in the urine that exceeds the normal range and is often an important indicator of kidney disease. Current studies have been inconsistent on the effect of potassium intake on the likelihood of proteinuria. Some studies have found that moderate potassium intake can reduce the risk of proteinuria because potassium can help maintain normal blood pressure and kidney function. For example, a study published in the Journal of the American College of Cardiology found that people who consumed 2,000 to 4,000 milligrams of potassium per day had a 30 percent lower risk of proteinuria compared to those who consumed less than 2,000 milligrams of potassium per day. However, some studies have found that excessive potassium intake may increase the risk of proteinuria. For example, a study published in the American Journal of Clinical Nutrition found that people who consumed more than 5,000 mg of potassium per day had a 40 percent increased risk of proteinuria compared to those who consumed less than 2,000 mg of potassium per day. Overall, moderate potassium intake is beneficial for maintaining kidney health and reducing the risk of proteinuria. However, excessive potassium intake may increase the risk of proteinuria. Therefore, it is recommended that people according to their health conditions and dietary habits, moderate intake of potassium. If you have kidney disease or other health problems, you should adjust your potassium intake under the guidance of your doctor.

According to certain research, inadequate dietary potassium consumption may cause a decline in renal function, which raises the risk of albuminuria. This is about the impact of dietary potassium intake on renal function (26). According to Wu et al., Kir5.1, which is encoded by Kcnj16, may modulate the connection between dietary potassium intake and renal potassium excretion (27). In this study, the authors demonstrate that deleting Kir5.1 eliminates the inhibitory effect of high dietary potassium intake on NCC and impairs the kidney’s ability to excrete potassium when dietary potassium intake is increased. Their findings suggest that Kir5.1, like Kir4.1, is also an important component of the potassium sensing mechanism in the distal convoluted tubules, and that Kir5.1 is essential for regulating renal potassium excretion and maintaining potassium homeostasis. Claudino et al. (28) concluded that chronic kidney disease allows for small potassium intakes. The presence of residual renal function is an important factor affecting potassium excretion, and a low-restriction diet can be adopted. Potassium can affect blood pressure in addition to renal function. Increased potassium intake, according to Lawrence J. Appel, may lower blood pressure (29). High potassium intake is good for the human body, including hypertension, urolithiasis, and osteoporosis, according to research by Penton et al. on the relationship between dietary potassium intake and renal sodium and potassium processing (30). Dietary potassium is protective (31). Therefore, in the selection of covariates, we chose blood pressure. Beyond that, potassium intake may be linked to cognitive performance. Nowak et al. found that higher potassium intake may lead to cognitive decline in the elderly (24). In a Korean cohort study conducted by Mun et al., glomerular filtration rate was linked to dietary potassium and a lower risk of developing chronic kidney disease. Adequate potassium intake has also been shown to be beneficial in the treatment of hypertension (32). Blanch et al. (33) found that increasing potassium intake was effective in improving vascular function. Many studies have suggested that high potassium intake is beneficial, however, Virojanawat et al. (34) found that low potassium intake may be the key factor for hypokalemia in chronic peritoneal dialysis patients in Thailand, rather than potassium conversion in cells or potassium excretion. Due to the kidney’s crucial role in the body’s potassium homeostasis, low potassium levels will cause the glomerular filtration rate to drop, which will influence the excretion of albumin. Like in most research, albuminuria can be decreased by minor increases in dietary potassium intake.

Effect of albuminuria on dietary potassium intake, Kabasawa et al. found a positive correlation between dietary sodium-potassium ratio and albuminuria (14) but did not study the relationship between potassium and albuminuria. This study found that potassium may be a key factor affecting albuminuria. Our study is meaningful. There is no study investigating the relationship between the two from NHANES. Kabasawa et al. (14) discovered a potential inverse link between potassium intake and albuminuria in another investigation. The research results of Burnier et al. (35) and Elfassy et al. (36) are opposite, and our research results are consistent with Burnier et al., increasing potassium intake may reduce the incidence of albuminuria. Influence of Other Factors on Dietary Potassium Intake and Albuminuria in addition to renal function and albuminuria, many other factors may affect dietary potassium intake and the incidence of albuminuria. For example, factors such as age, sex, body mass index (37), diabetes (38), etc. may have an impact on these indicators. In addition, different cultural backgrounds and dietary habits can also affect dietary potassium intake. As a result, while analyzing the connection between dietary potassium intake and albuminuria, the combined impact of these factors must be taken into account. The development of this study is crucial because it has a wide range of clinical application value and market potential. Because previous studies on the association between potassium intake and albuminuria were inconsistent, it was difficult to draw firm conclusions.

No mechanism is fully understood to explain the link between dietary potassium intake and albuminuria. However, some studies have shown that this link may be related to the following aspects: the regulation of potassium by the kidney (39), an important organ for maintaining potassium homeostasis in the body, which can regulate the concentration of potassium in the blood through mechanisms such as glomerular filtration, renal tubular secretion, and reabsorption. Changes in cell membrane permeability (40). Albumin is an important plasma protein whose presence can affect cell membrane permeability. Several studies have suggested (41) that cell membrane permeability may be altered in patients with albuminuria, resulting in reduced renal potassium reabsorption. Therefore, an appropriate increase in dietary potassium intake can help improve cell membrane permeability, thereby reducing the incidence of albuminuria.

The mechanism of the influence of dietary potassium on renal function and proteinuria mainly has the following aspects: Maintain normal blood pressure: Potassium can help vasodilate and lower blood pressure, thereby reducing the burden on the kidneys and reducing the risk of proteinuria. Promote sodium excretion: Potassium can promote the excretion of sodium by the kidneys, thus reducing the amount of sodium in the body and lowering the risk of blood pressure and proteinuria. Tubule protection: Potassium protects tubule epithelium and reduces tubule damage and inflammation, thereby reducing the risk of proteinuria. Regulating acid–base balance: Potassium can help maintain acid–base balance in the body, which reduces the burden on the kidneys and reduces the risk of proteinuria.

This study has the advantage of using trustworthy NHANES data and a sizable sample size. Second, we looked into previous research and included all necessary factors in this study. Because this study is cross-sectional, there is no causal association between the variables, which is a drawback. The effects of dietary potassium on renal function and proteinuria have certain limitations, as follows: The effects of potassium intake vary from person to person: different people have different kidney function and metabolism, and different dietary potassium requirements. Therefore, for some people, consuming too much dietary potassium may be a burden on the kidneys and increase the risk of proteinuria. Sources and absorption of dietary potassium: Sources of dietary potassium include fruits, vegetables, nuts, legumes and other foods, some of which also contain other beneficial nutrients. In addition, the absorption of dietary potassium is also affected by intestinal flora. Therefore, simply increasing dietary potassium intake is not necessarily effective in improving kidney function and reducing the risk of proteinuria. Influence of other factors: The occurrence and development of renal function and proteinuria are affected by many factors, including hypertension, diabetes, obesity and so on. Therefore, relying solely on dietary potassium to improve kidney function and reduce the risk of proteinuria may not be effective enough, and treatment considering other factors is also needed. The causal relationship between factors must therefore be explained by numerous prospective studies.



5 Conclusion

Reduced risk of albuminuria was linked to higher dietary potassium intake. The relationship between the two still needs further prospective investigations, though.
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In the sensitvity analysis, dietary potassium intake is converted from a continuous variable to a categorical variable (quantile), where we set the third place.
‘OR: 0dds ratio.

95%CI: 95% confidence interval

‘Model 1: no covariates were adjusted.

Model 2 adjusted for gender, age, and race.

‘Model 3: adjusted for gender, age, race, income of poverty ratio, energy. protein, carbohydrate,total sugars, total fat, cholesterol, calcium, caffeine, SBP, DBP, BMI, triglyceride, total
Cholesterol, glycohemoglobin, fasting Glucose, creatinine, refrigerated serum, cholesterol,refrigerated serum, triglycerides, uric acid, education level, marital status, drinking status,
hypertensive, pain, diabetes, vigorous work activity, smoke status, and albuminuria. Because the results were not obvious, we amplified dietary potassium intake by 100 times to study.
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