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ABSTRACT

BACKGROUND/OBJECTIVES: Dietary factors act on lower urinary tract symptoms (LUTS). 
This study examined the relationship between the overall diet quality and LUTS.
SUBJECTS/METHODS: This study analyzed the data from examinees who visited a general 
hospital in Korea (October 13, 2014−March 12, 2020). The number of subjects in the study 
was 6,506 adult men. The recommended food score was used to evaluate the overall quality of 
the diet, and the International Prostate Symptom Score was used to quantify LUTS. Logistic 
regression analysis was used to derive the odds ratio (OR) and 95% confidence interval (CI) 
to evaluate the relationship between the dietary quality and LUTS. The influence of age, 
education, marital history, income, occupation, smoking, drinking, exercise, metabolic 
syndrome, body mass index (BMI), and prostate-specific antigen (PSA) level was analyzed to 
determine the net influence of the overall diet quality on LUTS.
RESULTS: The group with high overall dietary quality showed a lower incidence of LUTS 
than the group with relatively lower dietary quality (OR, 0.88; 95% CI, 0.79–0.99). These 
results were also observed after correcting for other risk factors and associated variables: age, 
education, smoking, metabolic syndrome, BMI, and PSA level.
CONCLUSION: The overall diet quality and LUTS were correlated. Nevertheless, further 
research will be needed to find the relationship between diet quality and LUTS.

Keywords: Dietary pattern; lower urinary tract symptoms; prostatic hyperplasia; Symptom 
Assessment; Symptom Assessment

INTRODUCTION

Benign prostatic hyperplasia (BPH) is prevalent in aging men and results in lower urinary 
tract symptoms (LUTS), significantly affecting their health-related quality of life [1,2]. 
Emerging evidence indicates that, in addition to aging, various modifiable factors, including 
obesity, dietary choices, physical inactivity, hormonal imbalances, metabolic syndrome, 
and alcohol and tobacco use, contribute to the onset and progression of BPH, LUTS, or both 
[3,4]. Recent epidemiological findings underscore the substantial influence of nutritional 
factors on metabolism well before initiating conditions such as BPH and LUTS [5,6].
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On the other hand, studies thus far have been conducted only on the risk of BPH associated 
with each nutrient or food and total intake. Nevertheless, few studies have addressed the 
association with dietary patterns [7,8]. Several studies have evaluated the Mediterranean diet 
on the association between dietary patterns and LUTS. One of these studies reported that 
erectile dysfunction (ED) was associated with BPH and not with BPH [9]. Therefore, further 
research on the relationship between a healthy diet and BPH and LUTS is necessary.

Observational studies and intervention trials have consistently endorsed the effectiveness of 
a pattern-based approach to understanding dietary exposures in the context of health [10]. 
From an intuitive perspective, dietary patterns may affect the disease risk by interacting with 
the established risk factors and their impact on the intake of micronutrients. Considering the 
association between dietary patterns and BPH, especially when analyzed using a diet index, 
this evidence holds greater practical relevance and intuitive applicability in clinical settings 
compared to examining individual nutrients.

Several indices for evaluating overall diet quality have been proposed, with the key ones 
including the healthy eating index (HEI) [11], recommended food score (RFS) [12,13], 
Mediterranean diet score (MDS), and alternate MDS [14].

This study examined the connection between the RFS, a tool assessing healthy dietary habits, 
and the International Prostate Symptom Score (IPSS), which measures LUTS, a common 
indicator of BPH. The goal was to understand how dietary patterns influence BPH.

SUBJECTS AND METHODS

Participants
This study analyzed 12,107 out of 23,042 adult men who visited a general hospital in Korea 
from October 13, 2014, to March 12, 2020, excluding 5,601 samples who did not respond 
to the questionnaire and were not visiting for the first time. The Institutional Review Board 
(IRB) approved this study (IRB No. 20-2023-56).

General characteristics and anthropometric measurement
During visits to the health examination center, the participants completed a questionnaire 
covering the subjects' educational background, marital history, income, occupation, IPSS, 
and dietary habits. The questionnaire also delved into aspects such as medical history, 
medication usage, and smoking and drinking history. The body mass index (BMI) was 
determined by measuring the height and weight using an automatic height/weight meter. 
The waist circumference was measured in the upright position with a light breath at the 
midpoint between the lowermost end of the rib and the uppermost end of the hip flexor. The 
fasting blood glucose, glycated hemoglobin, total cholesterol, triglycerides, and high-density 
lipoprotein cholesterol were measured after an overnight fast of at least 8 h.

Dietary assessment
The overall diet quality in this study was assessed using the RFS developed by Kant et al. 
[13] as a food-based metric that evaluates adherence to established dietary guidelines. The 
modified RFS suggested by Kim et al. [15] was used to align with the nuances of the Korean 
diet, encompassing diverse items such as mixed grains, beans, vegetables, seaweed, fruits, 
seafood, dairy products, and nuts.
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Food items and their assigned points for the RFS were as follows: daily meal frequency (1), 
grains (1), legumes (4), vegetables (17), seaweeds (2), fruits (12), fish (5), dairy products (3), 
nuts (1), and tea (1). Forty-six foods or food groups consistent with recommended dietary 
guidelines were considered, and responses for the 'daily frequency of meals' were used to 
calculate the RFS. The participants earned one point for each recommended food or regular 
eating pattern (3 meals per day) if they consumed the food at least once weekly. The total 
score ranged from 0 to 47 points, with higher scores indicating better diet quality [16].

RFS was categorized as less than 23 points and more than 23 points to simplify analysis. This 
distinction was established using the median score of 23. The classification was based on 
differentiating the group with a score of 23 or higher as having good overall meal quality and 
the group with less than 23 points as having poor meal quality.

LUTS assessment
A structured questionnaire was used to collect information on LUTS using the IPSS 
questionnaire. The IPSS was used to determine the presence or absence of LUTS. Scores of 
8 or higher indicated moderate symptoms ('yes'), while scores ranging from 0 to 7 points 
indicated 'mild symptoms.'

Statistical analysis
The characteristics of the 2 groups were analyzed using t-tests and chi-square tests to 
determine if there was a significant difference in the presence or absence of LUTS based on 
the general characteristics of the study subjects and the RFS.

Statistical analysis was performed using R (version 4.1.3; R Foundation for Statistical Computing, 
Vienna, Austria). Logistic regression analysis was then conducted to assess the impact of the 
RFS on the likelihood of experiencing LUTS. A variable adjustment was implemented to isolate 
the specific effect of RFS on the presence or absence of LUTS. Age, education, marital history, 
income, occupation, BMI, metabolic syndrome, smoking, drinking, and prostate-specific antigen 
(PSA) were adjusted to ascertain significance. The confounders were chosen using the backward 
stepwise selection method. A P-value of < 0.05 was considered significant.

RESULTS

Characteristics of the study participants
Composite sample frequency analysis was performed to ascertain the general traits of the 
study participants. A total of 5,527 subjects were included in the analysis (Fig. 1). The subjects 
were predominantly in their 50s and 60s, reflecting the age distribution. In particular, all 
variables exhibited significant differences based on the RFS except for alcohol consumption, 
metabolic syndrome, BMI, and PSA level, as indicated in Table 1.

IPSS severity characteristics among study participants
The LUTS of the participants were assessed using the IPSS. They were divided into 2 groups 
based on their IPSS scores: scores below 8 points and scores of 8 points or higher. Table 2  
presents the characteristics of these 2 groups. Occupation and smoking status showed 
significant associations with IPSS scores. Exercise and metabolic syndrome had significant 
associations with the IPSS scores, with lower BMI and higher PSA levels correlating with 
higher IPSS scores (Fig. 2).
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Association between dietary quality and LUTS
A high RFS was associated with lower IPSS scores, indicating a potential protective effect. The 
odds ratio for high RFS in relation to moderate to severe IPSS symptoms was 0.88 (P = 0.030) 
in univariable analysis and 0.81 (P = 0.001) in multivariable analysis (Table 2).

DISCUSSION

The RFS, a measure of the overall diet quality, was negatively linked to the IPSS, which 
reflects LUTS among Korean men. To the best of the authors’ knowledge, this is the first 
study showing a negative association between the RFS and IPSS in Korea. Previous studies 
have explored the influence of nutrients on LUTS, a common manifestation of BPH [8,17-
19]. On the other hand, many of these studies examined the relationship between individual 
nutrients and LUTS, with limited research on the association between dietary patterns and 
symptoms, as reported in the present study. Although some studies suggested no significant 
correlation between nutrition and prostate volume [20], a substantial body of research 
indicates a noteworthy association between nutrition and LUTS.

Previous studies identified certain foods that may alleviate or exacerbate LUTS associated 
with BPH. Beneficial foods include vegetables, fruits, vegetable proteins, vitamins, and zinc 
while exacerbating factors include starches, high-calorie meals, and animal protein [21,22]. 
The present study examined the relationship between dietary patterns and LUTS while 
conducting subgroup analyses for individual nutrient items. Particularly noteworthy was the 
negative correlation observed with vegetables, fruit, legumes, seaweed, and dairy products, 
aligning with the findings from previous research (Supplementary Table 1). Although 
previous studies indicated a positive correlation between milk and dairy intake and the IPSS 
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n = 12,107

n = 10,897

Subjects were enrolled
(n = 23,042)

Remove female data
(n = 10,935)

Remove RFS missing values
(n = 1,210)

n = 6,506

Subjects filled the questionnaires
and took the clinical examinations

(n = 9,675)

Remove IPSS missing values
(n = 1,222)

Exclude visits more than once
(n = 3,169)

Fig. 1. Flowcharts for the study subjects. 
RFS, recommended food score; IPSS, International Prostate Symptom Score.



[17], this study yielded contrasting results, showing a negative correlation between milk and 
yogurt intake and the IPSS score. In particular, the cheese intake had no significant association 
with the IPSS. An intriguing finding from the present study was the positive correlation 
between soy milk intake and IPSS. Individuals who consumed soy milk more than once a 
week were likelier to have higher IPSS scores (Supplementary Table 1). This association 
could be attributed to the presence of 'isoflavone' in soy milk, which may mimic the effects 
of estrogen, a female hormone. On the other hand, a meta-analysis showed that soy foods or 
isoflavone supplements do not alter bioavailable testosterone concentrations in men [23]. 
Therefore, although this result may indicate an effect of soy milk intake on hormones, it 
is essential to consider other factors, such as the high-calorie content of soy milk or other 
underlying causes. Further research will be needed to elucidate this relationship.

Several studies have examined the relationship between dietary patterns and LUTS, but few 
studies have directly investigated the impact of diet patterns on LUTS symptoms themselves. 
While some studies analyzed the association between Mediterranean diets and ED [9], this 
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Table 1. Description of the study sample
Category Levels Low RFS score High RFS score P-value
Age (yrs) Under the 5th decade 769 (23.5) 443 (13.7) < 0.001

5th decade 1,039 (31.8) 949 (29.3)
6th decade 901 (27.6) 1,080 (33.3)

7th decade and over 557 (17.1) 768 (23.7)
Missing 0 (0.0) 0 (0.0)

Education Under highschool 855 (26.2) 723 (22.3) < 0.001
University 1,512 (46.3) 1,379 (42.6)

Postgraduate 842 (25.8) 1,095 (33.8)
Missing 57 (1.7) 43 (1.3)

Marital history Never 526 (16.1) 249 (7.7) < 0.001
Ever 2,719 (83.3) 2,969 (91.6)

Missing 21 (0.6) 22 (0.7)
Income (won/mon) < 3 mon 580 (17.8) 412 (12.7) < 0.001

3–6 mon 1,345 (41.2) 1,213 (37.4)
6–10 mon 827 (25.3) 1,025 (31.6)
≥ 10 mon 364 (11.1) 494 (15.2)
Missing 150 (4.6) 96 (3.0)

Occupation None 287 (8.8) 258 (8.0) < 0.001
Professional 1,016 (31.1) 1,196 (36.9)

Others 1,867 (57.2) 1,693 (52.3)
Missing 96 (2.9) 93 (2.9)

Smoking Never 975 (29.9) 1,068 (33.0) < 0.001
Ex 1,129 (34.6) 1,285 (39.7)

Current 1,144 (35.0) 868 (26.8)
Missing 18 (0.6) 19 (0.6)

Drinking (frequency/week) None 516 (15.8) 525 (16.2) 0.038
< 2 drinks 1,599 (49.0) 1,674 (51.7)
≥ 2 drinks 1,136 (34.8) 1,034 (31.9)
Missing 15 (0.5) 7 (0.2)

Exercise No 321 (9.8) 182 (5.6) < 0.001
Yes 2,889 (88.5) 3,019 (93.2)

Missing 56 (1.7) 39 (1.2)
Metabolic syndrome No 2,182 (66.8) 2,145 (66.2) 0.636

Yes 1,084 (33.2) 1,094 (33.8)
Missing 0 (0.0) 1 (0.0)

Body mass index Mean ± SD 24.8 ± 3.2 24.7 ± 3.0 0.174
PSA level (ng/mL) Mean ± SD 1.6 ± 3.4 1.6 ± 1.8 0.602
Values are presented as number (%).
RFS, recommended food score; PSA, prostate-specific antigen.



does not explicitly address LUTS symptoms or the expression of BPH. Currently, several 
therapeutic diet patterns are available for immediate application in clinical practice, such 
as the Mediterranean diet, the Dietary Approaches to Stop Hypertension diet, which is 
beneficial for cardiovascular disease, and the low FODMAP diet, effective for irritable bowel 
syndrome. Considering the abundance of studies examining BPH and nutrients, it is prudent 
to examine diet patterns that can alleviate BPH symptoms. This could pave the way for the 
development of dietary interventions directly applicable to clinical practice in the future.
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Table 2. Association between the variables and IPSS
IPSS Mild symptoms Moderate to severe symptoms OR (univariable) P-value OR (multivariable) P-value
Recommended food score P = 0.030 P = 0.001

Low 2,369 (72.5) 897 (27.5) - -
High 2,427 (74.9) 813 (25.1) 0.88 (0.79–0.99) 0.81 (0.71–0.92)

Age (yrs)
Under 5th decade 1,042 (86.0) 170 (14.0) - -
5th decade 1,611 (81.0) 377 (19.0) 1.43 (1.18–1.75) P < 0.001 1.44 (1.15–1.81) P = 0.002
6th decade 1,384 (69.9) 597 (30.1) 2.64 (2.19–3.20) P < 0.001 2.46 (1.95–3.11) P < 0.001
7th decade and over 759 (57.3) 566 (42.7) 4.57 (3.77–5.57) P < 0.001 3.73 (2.89–4.82) P < 0.001

Education
High or under 1,002 (63.5) 576 (36.5) - -
university 2,207 (76.3) 684 (23.7) 0.54 (0.47–0.62) P < 0.001 0.79 (0.67–0.93) P = 0.005
Postgraduate 1,534 (79.2) 403 (20.8) 0.46 (0.39–0.53) P < 0.001 0.69 (0.56–0.83) P < 0.001

Marital history P < 0.001 P = 0.397
Never 629 (81.2) 146 (18.8) - -
Ever 4,142 (72.8) 1,546 (27.2) 1.61 (1.33–1.95) 0.90 (0.71–1.15)

Income (won/mon)
< 3 mon 650 (65.5) 342 (34.5) - -
3–6 mon 1,924 (75.2) 634 (24.8) 0.63 (0.53–0.73) P < 0.001 0.94 (0.78–1.14) P = 0.532
6–10 mon 1,414 (76.3) 438 (23.7) 0.59 (0.50–0.70) P < 0.001 0.91 (0.74–1.13) P = 0.396
≥ 10 mon 657 (76.6) 201 (23.4) 0.58 (0.47–0.71) P < 0.001 0.91 (0.71–1.17) P = 0.474

Occupation
None 332 (60.9) 213 (39.1) - -
Professional 1,720 (77.8) 492 (22.2) 0.45 (0.37–0.54) P < 0.001 0.79 (0.62–1.01) P = 0.056
Others 2,629 (73.8) 931 (26.2) 0.55 (0.46–0.67) P < 0.001 0.84 (0.67–1.05) P = 0.119

Smoking
Never 1,598 (78.2) 445 (21.8) - -
Ex 1,689 (70.0) 725 (30.0) 1.54 (1.35–1.77) P < 0.001 1.19 (1.02–1.39) P = 0.029
Current 1,488 (74.0) 524 (26.0) 1.26 (1.09–1.46) P = 0.001 1.26 (1.07–1.49) P = 0.006

Drinking
None 740 (71.1) 301 (28.9) - -
< 2 drinks 2,468 (75.4) 805 (24.6) 0.80 (0.69–0.94) P = 0.005 1.02 (0.85–1.21) P = 0.867
≥ 2 drinks 1,572 (72.4) 598 (27.6) 0.94 (0.79–1.10) P = 0.423 1.09 (0.90–1.32) P = 0.376

Exercise P = 0.001 P = 0.195
No 338 (67.2) 165 (32.8) - -
Yes 4,387 (74.3) 1,521 (25.7) 0.71 (0.59–0.86) 0.86 (0.70–1.08)

Metabolic syndrome P < 0.001 P = 0.034
No 3,255 (75.2) 1,072 (24.8) - -
Yes 1,540 (70.7) 638 (29.3) 1.26 (1.12–1.41) 1.17 (1.01–1.34)

Body mass index P < 0.001 P < 0.001
Mean ± SD 24.8 ± 3.1 24.3 ± 3.0 0.95 (0.93–0.97) 0.95 (0.93–0.98)

PSA level P < 0.001 P = 0.017
Mean ± SD 1.5 ± 1.5 1.9 ± 4.7 1.10 (1.06–1.13) 1.04 (1.01–1.08)
Yes 2,889 (88.5) 3,019 (93.2)
Missing 56 (1.7) 39 (1.2)

Metabolic syndrome
No 2,182 (66.8) 2,145 (66.2) 0.636
Yes 1,084 (33.2) 1,094 (33.8)
Missing 0 (0.0) 1 (0.0)

Values are presented as number (%).
IPSS, International Prostate Symptom Score; OR, odds ratio; PSA, prostate-specific antigen.



The RFS is a designed measurement tool for assessing dietary health developed by Kant et 
al. [12,13]. Despite the existence of indicators like Dietary Diversity Score for Commissioned 
Foods, HEI, and the Mediterranean diet, more tailored metrics were necessary for examining 
Korean dietary patterns. Recognizing the suitability of the RFS proposed by Kim, it was 
chosen as the evaluation tool for this study [15]. Previous research indicated that LUTS 
decreases more noticeably in Eastern or Mediterranean diets than in Western diets [24]. 
Moreover, oxidative stress may play a role in the mechanism underlying LUTS occurrence 
[4], and the RFS can be viewed as a dietary measure capable of reducing oxidative stress 
[15]. Furthermore, the Mediterranean diet includes items such as alcohol and red meat 
consumption, which may exacerbate LUTS symptoms. Thus, the RFS is suitable as a 
measurement tool for this study.

In this study, the IPSS questionnaire was chosen as the measurement tool to assess LUTS. 
This decision was based on the understanding that LUTS holds greater clinical significance 
than the prostate volume in diagnosing and managing BPH, particularly in its early stages, 
because it closely relates to voiding symptoms [25]. In addition, research has indicated that 
Korean men exhibit similar LUTS symptoms despite having smaller prostate volumes than 
Western men, further supporting the suitability of the IPSS questionnaire for capturing 
relevant outcome variables [26].

The results also revealed associations between LUTS and various factors, as indicated by 
the IPSS score (Table 2). Consistent with previous research, positive correlations were 
observed with subjects' age, smoking habits, PSA levels, and metabolic syndrome [27,28]. 
Higher education levels were associated with fewer LUTS symptoms [29]. On the other 
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IPSS: OR (95% CI, P-value)

High 0.80 (0.71–0.90, P < 0.001)

5th decade 1.41 (1.15–1.73, P = 0.001)

6th decade 2.38 (1.95–2.92, P < 0.001)

7th decade and over 3.68 (2.96–4.59, P < 0.001)

RFS Low -

Age Under 5th decade -

Education High or under -

University 0.78 (0.68–0.90, P = 0.001)

Postgraduate 0.63 (0.54–0.75, P < 0.001)

Smoking Never -

Ex 1.17 (1.01–1.36, P = 0.032)

Current 1.21 (1.03–1.41, P = 0.019)

Metabolic syndrome No -

Yes 1.19 (1.04–1.36, P = 0.012)

Body mass index - 0.96 (0.94–0.98, P < 0.001)

PSA level - 1.04 (1.01–1.07, P = 0.015)

0.5 1.0 5.0

Odds ratio (95% CI, log scale)

Fig. 2. Forest plot of subgroup analysis. 
IPSS, International Prostate Symptom Score; OR, odds ratio; CI, confidence interval; PSA, prostate-specific antigen.



hand, no significant associations were observed with the BMI and alcohol consumption, 
contrary to expectations. The relationship between the BMI and LUTS remains ambiguous 
in previous studies, with some suggesting a positive correlation because of elevated estrogen 
levels. In contrast, others argued that BMI and BPH/LUTS are unrelated [6,30]. The present 
findings did not show any association between alcohol consumption and LUTS. This lack of 
association could be attributed to limitations in the self-reporting accuracy of the drinking 
questionnaire (Table 2).

This study represents the first large-scale analysis of the relationship between the RFS survey 
and the IPSS in Korea. This research provides valuable insights applicable to clinical practice 
using real-world data collected from health examination centers. The focus of this study on 
a healthy population enhances its generalizability, making it relevant for broader segments 
of the population undergoing dietary interventions. Consequently, the findings can be easily 
translated into clinical practice, facilitating the development of tailored dietary interventions 
for individuals seeking to improve their health outcomes. Overall, real-world data and the 
emphasis of this study on a healthy population strengthen its applicability and potential 
impact in clinical settings.

This study had several limitations. First, the RFS and IPSS rely on self-reported data, which 
introduces the potential for recall bias. Second, while previous studies have analyzed various 
individual nutrients, this study assessed dietary patterns using a single questionnaire, which 
may result in less precise measurements. Hence, additional analyses are needed to explore 
the relationship between each dietary component and IPSS scores. Third, the study did not 
include an analysis of individuals currently receiving medication for BPH. Nevertheless, the 
findings may still be relevant for medicated and non-medicated individuals because dietary 
interventions are often used as adjunct or preventive therapies. Fourth, the prostate volume 
was not measured in this study. On the other hand, this study examined the relationship 
between dietary patterns and LUTS severity because LUTS is considered more clinically 
significant in diagnosing and managing BPH). Therefore, while the prostate volume remains 
relevant in specific contexts, this study prioritized understanding the impact of dietary habits 
on LUTS. In addition, the study did not include results regarding red meat consumption 
despite previous research suggesting a positive correlation between animal protein intake 
and LUTS. Future studies could explore this aspect to provide a more comprehensive 
understanding of dietary influences on LUTS. Last, this study used a modified version of 
the RFS tailored to the Korean diet, focusing on antioxidant-rich foods like whole grains, 
legumes, fruits, vegetables, and fish, excluding meat protein. Although meat protein, 
particularly from red and processed meats, may affect LUTS through increased oxidative 
stress, the RFS used in the present study reflects dietary components that are more common 
in Korea. Previous research suggests that antioxidant-rich diets are associated with reduced 
LUTS, supporting the relevance of this modified RFS.

Excluding meat protein limits the ability to assess its effects on LUTS. Future studies 
should consider incorporating meat intake to provide a more comprehensive view of dietary 
influences on LUTS across different populations.

Although additional research is needed to elucidate the effects of nutrients on the expression 
of LUTS, this study has provided valuable insights by confirming their significant impact. 
By investigating dietary habits as an indicator, this research offers a practical approach that 
may facilitate a more straightforward application in clinical practice. Moreover, the self-
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report nature of the study, based on patient input, enhances the relevance of the findings 
to real-world clinical outcomes. As a result, the study findings contribute to developing 
more detailed intervention strategies in clinical settings for patients experiencing LUTS. By 
understanding the relationship between dietary patterns and LUTS, healthcare providers 
can tailor dietary recommendations to manage and alleviate symptoms better, ultimately 
improving the quality of life for patients affected by this condition.

The RFS negatively correlated with the IPSS, indicating that higher RFS values were 
associated with lower IPSS scores. In addition, most items comprising the RFS exhibited 
negative correlations with IPSS, suggesting that greater adherence to recommended dietary 
patterns was generally associated with a less severe form of LUTS. Soy milk intake showed 
a positive correlation with IPSS, suggesting that increased consumption of soy milk may be 
associated with higher LUTS scores.

This study indicates that a healthy diet, particularly one recommended by the RFS, correlates 
with a reduced incidence of LUTS. While adopting a healthy diet alone may not cure these 
symptoms, following an RFS diet could be a beneficial approach to alleviating them.
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