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Qingfeng Tian®, Shiyi Cao'*! & Zuxun Lu®*

To explore the relationship between Dietary Approaches to Stop Hypertension (DASH) diet and serum
uric acid (SUA) levels among the Chinese adult population, and verify the mediating effect of BMI
between DASH diet and SUA levels. A total of 1125 adults were investigated using a self-administered
food frequency questionnaire. SUA levels were determined by uricase colorimetry. The total DASH
score ranged from 9 to 72. The relationship between the DASH diet and SUA levels was examined by
multiple adjusted regression analysis. Method of Bootstrap was used to test the mediation effect of
BMI in the correlation of the DASH diet and SUA levels. After multivariable adjustment, there was a
significant linear relationship between the DASH diet and SUA (P <0.001). Compared with the lowest
group, SUA of participants in group of highest DASH diet score decreased by 34.907 (95% Cl -52.227,
-17.588; P trend <0.001) pmol/L. The association between the DASH diet scores and SUA levels was
partly mediated by BMI (- 0.26, Bootstrap 95% CI - 0.49, - 0.07), with 10.53% of the total effect being
mediated. Adopting the DASH diet might be helpful in reducing SUA level, and the effect might be
partly mediated by BMI.

An elevated level of serum uric acid (SUA) is a critical cause of gout'=. It is estimated that 21% of the population
suffers from hyperuricemia and 1-4% from gout®. Studies have shown that elevated SUA levels are also closely
related to cardiovascular diseases (CVD) such as hypertension, obesity, and dyslipidemia®~’. Furthermore, studies
have confirmed that SUA levels are determined by certain uncontrollable factors, including genetic or hereditary
causes®’.Besides, it could be also influenced by food intake', a factor that could be controlled.

In recent years, the importance of overall dietary intake to prevent excessive SUA levels has gradually
increased. A study from the USA showed that the SUA levels of subjects decreased from 7.7 mg/dL (SD =1.7 mg/
dL) to 5.4 mg/dL (SD=2.7 mg/dL) after two weeks on a Purine-Low Diet'!. Another study from Greece reported
that the subjects’ SUA levels had dropped from the baseline of 9.12-6.2 mg/dL by complying with the Medi-
terranean-Style diet for 8 weeks'2. However, the current experiments, which aimed to explore the association
between dietary patterns and SUA levels, mainly focused on Western Dietary Pattern, Mediterranean-Style diet
and so on'*7, while there is little epidemiological evidence on the association between the Dietary Approaches
to Stop Hypertension (DASH) diet and SUA levels.

Residents in coastal cities in eastern and southern China (e.g. Shenzhen) have greater access to seafood
including shellfish, shrimp and crab that are high in purines, which may be related to the elevated SUA levels'®!.

The DASH diet advocates a high intake of whole grains, fruits, vegetables, and low-fat dairy products, a low
intake of saturated fat, red meat, processed meat, sweets and sodium?*-?*. DASH diet may contribute to control
weight and SUA levels, as well may be beneficial in the prevention and management of CVD risk?*?¢. Up to now,
certain international studies have successively demonstrated the relationship between the DASH diet and SUA
levels. Several randomized controlled trials have also shown that the DASH diet can significantly lower SUA
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levels in individuals with hyperuricemia®”?%. Nevertheless, so far, relevant studies on the correlation between the
DASH diet and SUA levels, have mainly carried out by western countries such as the USA, while there is little
direct evidence that DASH diet can reduce SUA levels in China and developing countries.

As was proved that adopting the DASH diet is beneficial of reducing body weight and then maintaining a
healthy body weight, especially for overweight and obese people, and the SUA levels are highly associated with
overweight, obesity and other risk factors®*~*. Therefore, it can be hypothesized that BMI may be an intermediate
variable in the association between the DASH diet and SUA levels, and that adherence to the DASH diet could,
to a certain extent, reduce the body weight of patients, which decreases their SUA levels in turn.

We aim to understand the current status of the DASH diet and SUA levels on the population in China, and
explore the association between the DASH diet and SUA level. Till now, there is no study reporting whether BMI
mediates the DASH diet and SUA levels. Therefore, we further identify the mediating effect of BMI between the
DASH diet and SUA levels.

Methods

Study design and sample selection. A cross-sectional survey on the risk assessment about hyperurice-
mia and gout of community residents was conducted in three different community health service centers in
Shenzhen, China, from April 2019 to September 2020. Convenience sampling was adopted to complete this sur-
vey, through on-site or online channels to recruit participants-sending free SUA test notifications to participants
through family physicians, or recruiting participants in community health service centers’ outpatient clinics.
Participants who were desire to have a measurement of SUA would be tested for free and included in the study
after informed consent.

Our research is a single-blinded cross-sectional study. After completing the blood collection and questionnaire
filling, we would not feedback about the results of SUA levels and questionnaire filling to the participants. All
data were input into the proprietary computer and accessible to named study personnel only, and only in forms
without identifying personal identification (such as the participants’ names, telephone numbers) of any kind
other than unique study ID number. In addition, the data was encrypted to ensure that it could not be copied
or distributed over the Internet.

This study adhered to the STROBE checklist indicating the page/line numbers of our manuscript where the
relevant information can be found. (Supplementary appendix 1).

Inclusion and exclusion criteria.  Participants selected for this study had to meet the following criteria: (1)
permanent residents aged 18 and above in Shenzhen. Permanent residents refer to those who were born before
September 1, 2001, and have lived in Shenzhen for more than 6 months in the past 12 months; (2) Participants
were required to fasting for 8 or more hours before testing; (3) normal cognitive and language expression abili-
ties and no verbal communication barriers; and (4) sufficiently informed of the study’s purpose and content,
voluntarily choosing to participate.

Exclusion criteria: (1) Participants who did not complete the questionnaires or who refused to sign the
informed consent; (2) Pregnant or breastfeeding women and patients of disease, such as severe mental illness,
infectious diseases, and allomnesia were excluded.

Ethical approval. This study was approved by the Research Ethics Committee of the Tongji Medical Col-
lege, Huazhong University of Science and Technology, Wuhan, China, and performed in accordance with the
principles of the Declaration of Helsinki. All participants had signed consent form before filling out the ques-
tionnaire, and personal information of all participants was kept confidential.

Instrument and measurement. The questionnaire included the following aspects: the demographic
characteristics, lifestyles, history of diseases, family history of gout (yes, no) and dietary habits. The demographic
characteristics included gender (female, male), age (years, continuous), BMI (kg/m? continuous), marital sta-
tus (married, not married), education level (college degree less, college degree or higher), occupation (medical
staffs, not medical staffs). The lifestyles included smoking (yes, no), alcohol drinking (yes, no), uric-acid-lower-
ing drug intake (yes, no). History of diseases included history of hypertension (yes, no), history of diabetes (yes,
no), history of hyperuricemia (yes, no), history of gout (yes, no). The dietary habits included 18 types of food,
refined grain, coarse grain, fresh fruits, fruit products, fresh vegetables, pickles, whole milk, low-fat milk, red
meats, white meats, animal offal, seafood, processed meats, legumes and their products, nuts, sweet drinks, des-
serts and smoked products. A nine-point scale was adopted to record the frequency of taking above-mentioned
food®. (The details about the questionnaire are shown in Supplementary appendix 2.).

Calculating the DASH diet score. In this study, the DASH diet score is calculated based on the intake frequency
of eight food components®. The DASH diet mode proposes individual intake recommendations for each food
components, that is, high intake of whole grains, fruits, vegetables, nuts and legumes, low fat dairy products, and
less intake of sodium, sweetened beverages, red meats and processed meats. Analysis in this study focuses on
the perspective of the willingness and propensity of food intake, thus avoiding bias caused by inaccurate food
intake estimates, where the sodium intake is substituted by the intake frequency of salty pickles and smoked
products, nuts and beans classified as the same group, red meats and processed meats classified as the same
group, every component is weighted equally during dietary patterns evaluation?**. The participants reported
frequency of intake using the following response categories for fruits, vegetables, legumes, nuts, low-fat milk
and whole grains, ranging from 1 (less than once per month), 2 (1-3 times per month), 3 (once per week), 4
(1-3 times per week), 5 (4-6 times per week), 6 (once per day), 7 (2-3 times per day), 8 (4-5 times per day) to
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9 (more than 5 times per day). Sodium, sugary sweetened beverages, and red and processed meats are scored in
reverse, ranging from 9 (less than once per month) to 1 (more than 5 times per day)*. The whole questionnaire
yields a DASH diet score from 9 to 72, and participants with higher DASH scores were more likely to adopt the
DASH diet. The Cronbach’s alpha value was 0.784, indicating that food frequency questionnaire had good con-
sistency, and the Kaiser-Meyer-Olkin (KMO) value (0.846) and Bartlett’s test of sphericity value (x*=4641.197,
P<0.001) indicated good validity.

Ascertainment of serum uric acid.  SUA levels were measured by the uricase colorimetry method*. Participants
were required to fasting for 8 or more hours before testing, then serum specimens were collected and immedi-
ately delivered to Fuyong People’s Hospital for analysis. The absorbance was measured at 37 °C and a wavelength
of 490 nm, and internal quality control was performed during the measurement process. SUA was detected by
Hitachi 7600 automatic biochemical analyzer with the detection kit (Shenzhen Mindray Bio-Medical Electronics
Co., Ltd., Shenzhen, China) and comparison kit (Jiaxing Botai Biotechnology Development Co., Ltd., Jiaxing,
China) used the relative deviation between them does not exceed 15%. Elevated SUA was diagnosed as SUA
levels above 420 pmol/L in males or 360 pmol/L in females®.

Statistical analysis. In this study, analyses were performed using Statistical Package for Social Sciences
(SPSS, Inc., Chicago, III, Version 23.0). Descriptive analyses were performed to analyze characteristics among
participants. Specifically, means and standard deviations (SD) for continuous variables, frequencies and percent-
ages for categorical variables were reported separately in our research. The relationship between the DASH diet
and SUA levels was examined by multiple adjusted regression analysis. Hierarchical multiple regression analysis
was performed to examine the interaction of stratified variables with DASH scores. To test the stability of the
association between the DASH diet and SUA levels, we conducted a sensitivity analysis by excluding individuals
who had been diagnosed with common chronic diseases and family history of the diseases, SUA outliers (>x+
3SD), and uric-acid-lowering drug intake. Finally, method of Bootstrap was used to test the mediation effect of
body mass index (BMI) in the correlation of the DASH diet and SUA levels. All statistical tests were two-tailed,
and P value <0.05 was considered to be statistically significant.

Results
The SUA levels of participants. A total of 1125 participants were involved in this study, including 673
males (59.8%) and 452 females (54.3%). Participants’ mean SUA levels were (388.2 + 142.3) umol/L, of which the
mean SUA for males were (449.0 +165.0) pmol/L, and (280.0+ 122.0) umol/L for females. Among 1125 adults,
516 had elevated SUA levels, including 419 males(81.2%) and 97 females(18.8%) (Table 1).

It was suggested that there were differences in distributions between the group with elevated SUA and the
group with normal SUA (P<0.05), by age, BMI, gender, marital status, occupation, education level, smoking,
alcohol drinking, history of hypertension, history of gout, and uric-acid-lowering drug intake (Table 1).

Characteristics of study participants across quartiles of DASH diet score. A total of 1125 adults
were included for analysis. The average value of the DASH diet score was 37.7+4.9. The mean SUA levels of
participants was 435.0 + 146.1 umol/L in group of the lowest the DASH diet scores, was 334.4+125.5 umol/L in
group of the highest the DASH diet scores. The mean BMI of participants was 22.8 +4.7 kg/m? in group of the
highest the DASH diet scores, was 24.6 + 4.4 in group of the lowest the DASH diet scores (Table 2).

The results of multivariate linear regression analysis of the DASH diet score associated with
SUA levels. After multi-variable adjustment, there was a significantly linear relationship between the
DASH diet scores and SUA levels (P<0.001). Every unit increase in the DASH diet score was associated with a
2.199(95% CI —3.446, —0.951; P<0.001) umol/L decrease in SUA. SUA levels of participants in group of highest
the DASH diet scores decreased by 34.907 (95% CI —52.227, —17.588; P,;.,q<0.001) umol/L, when compared
with the lowest group (Table 3).

The results of sensitivity analysis of the association between the DASH diet score and SUA
levels. 1In the sensitivity analyses, exclusion of the participants with self-reported chronic diseases, family
history of diseases, the extreme values of SUA and uric-acid-lowering drug intake did not materially change the
observed the association between DASH diet score and SUA levels (P for trend < 0.05 for all) (Table 4).

The results of stratified analysis of the association between DASH diet score and SUA lev-
els. Results of subgroup analysis showed that the relationship between the DASH scores and SUA levels was
significant in non-smoking, non-hypertension and non-hyperuricemia (P<0.05), and was non-significant in
smokers and those with history of hypertension or hyperuricemia (P<0.05). For non-smoking participants,
every unit increase in the DASH diet score was associated with a 2.916(95% CI —4.280, —1.552, P<0.001)
pumol/L decrease in SUA. For non-hypertension participants, every unit increase in the DASH diet score was
associated with a 2.017(95% CI —3.375, —0.659, P=0.004) umol/L. For non-hyperuricemia participants, every
unit increase in the DASH diet score was associated with a 2.135(95% CI —3.502, —0.769, P<0.001). (Table 5).

The mediating effect of BMI between DASH diet score and SUA levels.  According to the results
of mediation analysis, after adjusting for gender, age, married status, occupation, education level, smoking, alco-
hol drinking, history of diabetes, history of hypertension, history of hyperuricemia, history of gout, family his-
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Total Elevated SUA | Normal SUA
Characteristic n=1125 n=516 n=609 P
Age 40+16.0 42+12.0 40+11.0 0.043
BMI 23.7+£4.7 25.1£3.5 22.7£3.3 <0.001
Gender <0.001
Males 673 (59.8) 419 (81.2) 254 (41.7)
Females 452 (40.2) 97 (18.8) 355 (58.3)
Marital status 0.028
Married 929 (82.6) 440 (85.3) 489 (80.3)
Not married 196 (17.4) 76 (14.7) 120 (19.7)
Occupation <0.001
Medical staffs 253 (22.5) 37(7.2) 216 (35.5)
Not medical staffs 872 (77.5) 479 (92.8) 393 (64.5)
Education level <0.001
College degree less 801 (71.2) 444 (86.0) 252 (41.4)
College degree or higher 324 (28.8) 72 (14.0) 357 (58.6)
Smoking <0.001
Yes 260 (23.1) 174 (33.7) 86 (14.1)
No 865 (76.9) 342 (66.3) 523 (85.9)
Alcohol drinking <0.001
Yes 257 (22.8) | 171 (33.1) 86 (14.1)
No 868 (77.2) 345 (66.9) 523 (85.9)
History of hypertension <0.001
Yes 292 (26.0) | 190 (36.8) 102 (16.7)
No 833 (74.0) 326 (63.2) 507 (83.3)
History of diabetes 0.261
Yes 78 (6.9) 31 (6.0) 47 (7.7)
No 1047 (93.1) | 485 (94.0) 562 (92.3)
History of hyperuricemia 0.635
Yes 258 (22.9) 115 (22.3) 143 (23.5)
No 867 (77.1) | 401 (77.7) 466 (76.5)
History of gout 0.032
Yes 152 (13.5) 82(15.9) 70 (11.5)
No 973 (86.5) | 434 (84.1) 539 (88.5)
Family history of gout 0.297
Yes 53 (4.7) 28 (5.4) 25 (4.1)
No 1072 (95.3) | 488 (94.6) 584 (95.9)
Uric-acid-lowering drug intake <0.001
Yes 100 (8.9) 89(17.2) 11 (1.8)
No 1025 (91.1) | 427 (82.8) 598 (98.2)

Table 1. The SUA levels of participants. Values are the number (%) or the mean (+ SE) unless indicated
otherwise.

tory of gout and uric-acid-lowering drug intake, the association between the DASH diet scores and SUA levels
was partly mediated by BMI (—0.26, Bootstrap 95% CI —0.49, —0.07), with 10.53% of total effect being mediated
(Table 6, Fig. 1).

Discussion

As is revealed in this cross-sectional population-based study, greater adherence to the DASH diet was significantly
associated with lower SUA levels of adult population in China, and the effect might be partly mediated by BMI,
and after adjustment for potential confounding factors did not materially change the results.

It was demonstrated by this study that adopting the DASH diet might be beneficial to reduce SUA level. A
randomized trial from the USA indicated that the DASH diet decreased the mean SUA by 0.25 mg/dL for the
participants after an 8-week intervention period®. In addition, Olive et al. found that the DASH diet lowered the
SUA levels by 0.8 and 1.0 mg/dL after 30 and 90 days respectively, among participants with baseline SUA > 6 mg/
dL?. These findings are consistent with the outcome of our study, which confirmed that adopting the DASH diet
might be helpful in decreasing SUA levels.
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Quartiles of DASH diet score

Factor Quartile 1 (n=296) | Quartile 2 (n=284) | Quartile 3 (n=282) | Quartile4 (n=263) |P

Gender (males) 226 (76.4) 186 (65.5) 152 (53.9) 109 (41.4) <0.001
Age (years) 37.1+14.5 40.6£16.9 41.6+£15.7 389+14.4 <0.001
BMI (kg/m?) 24.6+4.4 24.0+3.9 23.2+5.0 22.8+4.7 <0.001
SUA (umol/L) 435.0+146.1 393.9+134.3 383.5+143.7 334.4+125.5 <0.001
Marital status (yes) 233(78.7) 233 (82.0) 239 (84.8) 224 (85.2) 0.152
Occupation (medical staffs) 45 (15.2) 56 (19.7) 71 (25.2) 81 (30.8) <0.001
Education (college degree less) 230 (77.7) 210 (73.9) 198 (70.2) 163 (62.0) <0.001
Smoking (yes) 103 (34.8) 66 (23.2) 54 (19.1) 37 (14.1) <0.001
Alcohol drinking (yes) 93 (31.4) 64 (22.5) 57 (20.2) 43 (16.3) <0.001
History of hypertension (yes) 73 (24.7) 86 (30.3) 95 (33.7) 38 (14.4) <0.001
History of diabetes (yes) 14 (4.7) 17 (6.0) 23(8.2) 24 (9.1) 0.155
History of hyperuricemia (yes) 64 (21.6) 59 (20.8) 83(29.4) 52(19.8) 0.026
History of gout (yes) 63 (21.3) 38(13.4) 26 (9.2) 25(9.5) <0.001
Family history of gout (yes) 19 (6.4) 14 (4.9) 8(2.8) 12 (4.6) 0.243
g?sc)’md'l"wmng drug intake 39 (13.2) 28(9.9) 16 (5.6) 17 (6.5) 0.006

Table 2. Characteristics of participants according to DASH diet score. Values are the number (%) or the mean
(£ SE) unless indicated otherwise.

Quartiles of DASH diet score
Model Q1 Q2 Q3 Q4 Pyena Per increase P
Model 1 Ref. :Ilslé)gf)(f 63.569, :2581:915) (—73.940, :71;)215;1)9 (—123.485, <0.001 :577155991)(— 9.024, <0.001
Model 2 Ref. :3212:‘5)2 (—39.581, 7—61(())8348 (-29.503, 7;31;3291)2 (—53.485, 0.003 :3823107)(— 3.604, 0.002
Model 3 Ref. :2219;)87)7 (—39.225, 8—313(})4%61 (-28.857, 7113062961)2 (-50.198, 0.005 :016909;1)(— 3.383, 0.005
Moded |Ref | TJO2ICIE6 -0 (300, | ISR | oo | 2RI [ ooy
Model 5 Ref. _—11320;1)3 (—34.263, 2—2;10.;)31 (-31.093, _I;_é'gg; (-52.227, <0.001 _—02'.915919)(— 3.446, <0.001

Table 3. Multivariate linear regression analysis of DASH diet score associated with SUA levels. Model 1: the
primary model. Model 2: Adjusted for gender, age, married status, occupation, education level. Model 3: Based
on Model 2, Adjusted for smoking, alcohol drinking, history of hypertension, history of diabetes. Model 4:
Based on Model 3, Adjusted for history of hyperuricemia, history of gout, family history of gout, uric-acid-
lowering drug intake. Model 5: Based on Model 4, Adjusted for BMI.

Our study shown that the DASH diet was correlated negatively with the SUA levels among non-smoking,
non-hypertension, and non-hyperuricemia participants. Specifically, participants who were non-smoking, non-
hypertension, and non-hyperuricemia may be more self-disciplined and more likely to actively adopt and main-
tain a healthy diet than those who were smoking, hypertensive and hyperuricemia. Therefore, they were more
likely to adopt the DASH diet, and the higher their tendency to maintain the DASH diet, the lower their blood
uric acid level was.

Although previous studies have explored the association between the DASH diet and SUA levels in patients
with hypertension and hyperuricemia, there are no consistent results*****’. We found that there was no relation-
ship between the DASH diet and SUA levels in patients with hypertension and hyperuricemia. One possible
explanation to this finding was that the number of samples with hypertension and hyperuricemia included in
this research was small. Another possible reason was that the effect of the DASH diet on SUA levels is partially
masked by its blood pressure-lowering effect. A study from Bangladesh showed that the SUA level was positively
correlated with blood pressure*!. Since the essential feature of the DASH diet proved to be the most effective
dietary approach to reduce blood pressure, its effect on SUA levels could also be well documented. Therefore,
whether the DASH diet has potential uric acid-lowering effects on patients with hypertension and hyperuricemia
requires a further verification by longitudinal studies in China.

The results of this study discovered that the higher propensity of the individuals to adopt the DASH diet, the
less likely they are to be overweight and obese, thus they were more likely to report lower SUA levels. A meta-
analysis of randomized controlled clinical trials revealed that adherence to the DASH diet significantly decreases
weight particularly for overweight and obese participants®.
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Quartiles of DASH diet score
Model Q1 | Q2 Q3 Q4 Piena Per increase P
A Ref ;(}lsiz);49 (-41.909, 2£;14724;2 (-30.626, _—93;.5766)1 (-59.667, 0.015 :(3:6051)(7 4.137, 0,007
B Ref. ;2163876§5 (—40.197, ;12510?78 (-52.257, :53216185)0 (-59.131, 0.015 :01193582) (-3.767, 0.035
c Ref. :62§62;))0 (—38.037, :Z;SS;))O (-37.642, :231898822)(7 55.661, <0.001 :12..240135)(7 3.628, <0.001
D Ref. :52253113)1 (-38.732, :2126216)5 (-36.169, :1?35238;115)(— 50.350, 0.001 :()2;;)94) (—3.349, 0.001

Table 4. Sensitivity analysis of the association between DASH diet score and SUA levels. Model A: Excluding
participants with history of diabetes, history of hypertension, history of hyperuricemia and gout, adjusted for
gender, age, BMI, married status, occupation, education level, smoking, alcohol drinking, family history of
gout and uric-acid-lowering drug intake. Model B: Excluding participants with history of diabetes, history of
hypertension, history of hyperuricemia, history of gout, family history of gout, adjusted for gender, age, BMI,
married status, occupation, education level, smoking, alcohol drinking, and uric-acid-lowering drug intake.
Model C: Excluding participants with the extreme values of SUA, adjusted for gender, age, BMI, married
status, occupation, education level, smoking, alcohol drinking, history of diabetes, history of hypertension,
history of hyperuricemia, history of gout, family history of gout and uric-acid-lowering drug intake. Model
D: Excluding participants with uric-acid-lowering drug intake, adjusted for gender, age, BMI, married status,
occupation, education level, smoking, alcohol drinking, history of diabetes, history of hypertension, history of
hyperuricemia, history of gout, family history of gout.

The DASH diet advocates a high intake of fiber foods and a reduced intake of unsaturated fats. Therefore,
limiting saturated fat and cholesterol intake may lead to lower concentrations of LDL-C and TC***?, which further
reduces obesity risk. Mechanistically, ingested fiber sequesters more cholesterol in the gut, thereby increasing its
fecal elimination. Thus, the DASH diet reduces the transport of cholesterol and triglycerides to the circulation.
Furthermore, fiber consumption is also known as a determinant of long-term weight loss, leading to improve-
ments in obesity parameters due to its role in delayed gastric emptying and a certain reduction in macro-nutrient
absorption*+*,

For adults, weight is a larger component of BMI. Because in adults, the height of the individual is relatively
stable®®, while the weight is affected by many aspects such as lifestyle, psychology, and environment, and changes
greatly. The average age of the subjects in this study was around 40 years old, and their BMI was more susceptible
to being influenced by weight, especially increased visceral fat.

Moreover, the high visceral fat content and strong stimulation of fatty acid synthesis is accompanied by
hyper-metabolic conversion of ribose 5-phosphate in overweight /obese individuals, resulting in increased uric
acid production®, as well as lower insulin sensitivity in overweight/obese individuals*, causing enhanced renal
tubular re-absorption of uric acid and reduced uric acid excretion®. Epidemiological studies have also indicated
that overweight and obesity are risk factors for elevated SUA*>%. These findings may provide new insights for that
BMI play the role in generating the association between the DASH diet and SUA levels. Therefore, it is reasonable
to conclude that the effect of the DASH diet on decreasing SUA levels may be further enhanced partly by its role
in controlling BMI. Yet, it should be noticed that some studies revealed that there were reason-result relationships
between elevated SUA levels and overweight/ obesity, which means that elevated SUA levels may also contribute
to overweight /obesity™". Still, the chain of causation is largely unknown among the DASH diet, BMI, SUA levels
in our research. The DASH diet causes the reduction of BMI, which leads to lower SUA levels in turn. Therefore,
a longitudinal study design should be implemented in future to clarify their causal relationships, finding out
whether the DASH diet causes BMI reduction which in turn leads to lower SUA levels, or the DASH diet causes
BMI and SUA levels reduce parallelly, or the DASH diet causes changes in SUA levels and then affects BMI.

Clinical implications in this study we would like to emphasize are as follows. Firstly, for individuals with
higher SUA levels, adhering to the DASH diet may help reduce their SUA levels; this strategy could be applied
to health education on individuals for medical staff to carry out one-to-one guidance to strengthen individu-
als’ SUA management and reduce the incidence of elevated SUA levels. Secondly, adhering to the DASH diet
is more effective in control SUA levels for individuals with higher BMI, especially overweight or obese adults.
This finding further refines obesity management tools. Finally, adults with healthier lifestyles and better health
status, such as non-smoking, non-hypertension and non-hyperuricemia individuals, are encouraged to adopt
to the DASH diet to reduce their SUA levels.

Several strengths should be emphasized in this study. The DASH diet is recognized internationally as an
effective way to prevent and control hypertension, however, there are few studies have explored the association
between the DASH diet and SUA levels, which mainly be studied in western countries. Therefore, this study may
supply more epidemiological evidence to evaluate the relevance between the DASH diet and SUA levels, and
which was based on the population in China. There are still some limitations in this study. Firstly, our study is a
cross-sectional study, so it is impossible to identify the causal relationship between the DASH diet and SUA levels,
which requires a further verification by prospective studies. Secondly, due to the small number of participants
with a history of hypertension, besides a certain selection bias cannot be excluded. Thirdly, the non-random sam-
ple may have raised the possibility of selection bias in the study, thus requiring the cautious extension of the study
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Quartiles of DASH score
Model Q1 | Q2 Q3 Q4 Pirona Per increase P P for interaction
Gender?
~20.759 (- 41.517, ~10.960 (- 33.319, —34.573 (- 59.674,
Male Ref. | ~0'0on) 11.398) Zo473) 0.019 | —1.515 (~3.313,0.283) 0.098 o
~10.767 (- 36.158, ~19.427 (- 43.461, —34.119 (- 57.470, —2.487 (- 4.081, '
Female Ref. | 4623) 4.607) ~10.769) 0.002 | _ 5892 0.002
BMI®
) —28.827 (- 52.285, ~16.669 (—41.975, —40.244 (- 67.435, ~2.881 (~4.882,
BMI > 25 kg/m Ref. | “3500) 8.638) Z13059) 0012 | Zgeny 0.005 e
5 —4.492 (- 27.065, ~12.970 (- 35.178, —32.571 (-54.931, ~1.840 (- 3.397, ’
BMI <25 kg/m Ref. | 1o 081) 9.237) Z10210) 0.003 | Zooea 0.021
Marital status®
) ~21.178 (- 38.569, ~21.087 (- 38.819, —35.773 (- 54.293, ~2.225 (-3.601,
Married Ref. | _ 3.788) —3.355) _17.253) <0.001 ~0.849) 0.002 0493
. —11.981 (- 52.497, —46.035 (-91.878, '
Not married Ref. | o 534 2.841 (-41420,47.101) | 701 0.116 | —2.406 (~5.254, 0.443) 0.097
Occupation®
) ~21.932 (- 53.993, ~22.229 (- 53.097, —43.159 (- 73.262, ~2219 (-4.123,
Medical staffs Ref. 10.128) 8.639) —13.056) 0.007 | _ 0315) 0.023 a5
) ~16.759 (- 35.445, ~16.680 (- 36.293, ~35.298 (- 55.877, ~2.351 (-3.872, '
Not medical staffs Ref. 1.928) 2.933) _14719) 0.002 | 0.830) 0.002
Education level®
—12.442 (- 32.235, ~10.129 (- 30.818, —28.757 (- 51.022, —1.853 (~3.490,
College degree less Ref. 7.350) 10.560) —6.493) 0.022 | 0.215) 0.027 o081
) —30.425 (- 58.023, ~31.599 (- 58.612, —48.568 (- 75.013, ~2.301 (- 4.080, ‘
College degree or higher | Ref. | _ 2.828) —4.585) —22.124) 0.001 | _ 0.523) 0.011
Smoking'
Yes Ref. | 6.068 (~29.830,41.966)| 2.998 (~35.542, 41.538) 1’42%97?5 (-72.587, 0.318 | 0.148 (~2.853,3.150) |  0.922
- 0.038*
—26.373 (- 44.736, ~22.310 (- 40.937, —42.369 (- 61.311, ~2.916 (- 4.280,
No Ref. | _g011) ~3.684) ~23.426) <0.001 1 _ ;55 <0.001
Alcohol drinking®
~ —5.610 (—47.704, ~15.091 (- 60.309, B B
Yes Ref. | 12.952 (~27.148, 53.051) | 5 o0y 30.178) 0.461 | —0.278 (- 3.571, 3.014) 0.868 -
~27.982 (- 45.592, ~20.957 (- 38.972, —44.328 (- 62.773, ~2.707 (- 4.020, '
No Ref. | _10372) ~2.941) ~25.884) <0001} 7395 <0.001
History of hypertension®
—42.628 (- 74.272, —35.303 (- 66.768, ~23.901 (- 64.017, _ ~
Yes Ref. |~ )0 0ge) T3838) 16.14) 0.148 | —2.652 (~5.786, 0.482) 0.097 Lo
~10.097 (- 29.012, —7.656 (—27.479, —34.666 (- 53.912, ~2.017 (-3.375, ’
No Ref. | 5817) 12.167) -15.421) 0001 | _ g 659) 0.004
History of diabetes'
Yes Ref. | 14962 (-58.904, 88.829) | 19.220 (-43.753,82.192) | ( 65i67?5 (=77.948, 0.910 | —1.048 (~5.733, 3.636) 0.656
0.089
~21.188 (- 37.796, ~17.022 (- 34.377, ~39.290 (- 57.070, ~2.361 (- 3.642,
No Ref. | _ 4 430) 0.333) ~21.509) <0.0011 _y 4g1) <0.001
History of hyperuricemia’
~9.414 (- 45.162, B —22.772 (- 61.443, _ B
Yes Ref. | )¢ 23 10.978 (~23.697, 45.654) | | 5 0.535 | —1.809 (—4.802, 1.184) 0.235 Lol
~18.910 (- 36.947, ~20.983 (—40.171, ~36.729 (- 56.004, ~2.135 (- 3.502, ’
No Ref. | _0.873) ~1.795) ~17.454) <0001 1 4 769) 0002
History of gout*
) —5.472 (- 56.267, 46.604 (- 15.791, —48.297 (- 110.619, _ ~
Yes Ref. | 4o 3) 108.999) 14.055) 0.415 | —0.969 (~5.780, 3.843) 0.691 .
~19.560 (- 36.368, —24.217 (- 41.258, ~36.100 (- 53.697, —2417 (-3.671, ’
No Ref. | _,753) ~7.175) ~18.503) <0.001 1 _ 1564 <0.001
Family history of gout'
~22.604 (- 93.284, ~21.780 —65.433 (~ 162.045, B ~
Yes Ref. | 4o 076) (C122.976.79.416) 311.479) 0.188 | —3.040 (—10.476,4.396) |  0.412 -
—18.935 (— 35.446, ~18.309 (- 35.231, —35.646 (- 53.118, ~2.188 (- 3.437, '
No Ref. | 5 423 ~1.387) ~18.174) <0001} 639 0.001
Uric-acid-lowering drug intake™
~ 65.544 (- 13.427, ~67.788 (- 151.392, _ _
Yes Ref. | 22533 (-44.319,89.386) | |, 177 15817) 0.582 | —1.125 (- 7.817, 5.567) 0.739 -
~23.104 (- 39.672, ~20.003 (- 36.859, —34.501 (- 51.976, ~2.213 (- 3.457, ‘
No Ref. | _6535) ~3.147) ~17.025) <0001 1 _4.969) 0.001
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Table 5. Stratified analysis of the association between the DASH diet score and SUA levels. Model a to m:
Adjusted for potential confounding factors, including gender, age,BMI, married status, occupation, education
level, smoking, alcohol drinking, history of hypertension, history of diabetes, history of hyperuricemia, history
of gout, family history of gout, uric-acid-lowering drug intake. *Having significant interactive effects (P<0.05).

Bootstrap 95%

Effect Effect Size | SEM | CI P
Total effect —-2.47 0.64 -3.72 | -1.22 | <0.001
Direct effect =221 0.63 -3.44 | -0.97 | <0.001

- 10.53*
Indirect effect -0.26 011 |-049 |[-0.07 |- (1.30, 19.76)°
DASH diet score—BMI -0.05 0.02 -0.09 | -0.01 |0.011
BMI—SUA levels 5.10 0.93 -3.28 6.91 | <0.001

Table 6. The mediating effect of BMI between DASH diet score and SUA levels. *The proportion of mediating
effect to total effect. ®95% CI.

a*b=-0.26
X represents the independent variable, DASH diet score
M: BMI
Y represents the dependent variable, SUA levels
M represents the mediator, BMI
b=5.10
c’=-2.21
X: DASH diet score Y: SUA levels
c=-2.47

Figure 1. The pathway of the mediating effect of BMI between DASH diet score and SUA levels. ¢ represents
the total effect of the independent variable X on the dependent variable Y; a represents the relation between X
and the mediator M; b represents the relation between M and Y adjusted for the effect of X; and ¢’ represents the
effect of X on Y adjusted for the effect of M; The value of a*b denotes the mediating effect size.

findings to the general population. Fourthly, most of information was relied on a self-reported food frequency
questionnaire among participants, thus recall bias is hard to be avoided completely. Finally, the food frequency
questionnaire used in this study didn’t comprehensively collect information related to dietary intake and there
may be other dietary and non-dietary risk factors affecting SUA levels that may confound the results of the study.

In conclusion, the results of this cross-sectional study indicate that participants included in this study pre-
ferred to the DASH diet moderately. Participants in sample area, especially for non-smoking, non-hypertension
and non-hyperuricemia individuals, adopting the DASH diet might be helpful in reducing SUA level, and the
effect might be partly mediated by BMI.
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