

  nutrients-12-03376




nutrients-12-03376







Nutrients 2020, 12(11), 3376; doi:10.3390/nu12113376




Article



Assessment of Dietary Sodium Intake Using the Scored Salt Questionnaire in Autosomal Dominant Polycystic Kidney Disease



Annette T. Y. Wong 1,2, Alexandra Munt 1,2, Margaret Allman-Farinelli 3[image: Orcid], Sunil V. Badve 4,5, Neil Boudville 6,7[image: Orcid], Helen Coolican 8, Ashley N. Chandra 1,2, Susan Coulshed 9, Mangalee Fernando 10, Jared Grantham 11, Imad Haloob 12, David C. H. Harris 1,2, Carmel M. Hawley 13,14,15, Jane Holt 16, David W. Johnson 13,14,15[image: Orcid], Karthik Kumar 17, Vincent W. Lee 1,2[image: Orcid], Maureen Lonergan 16, Jun Mai 18, Anna Rangan 3[image: Orcid], Simon D. Roger 19, Sayanthooran Saravanabavan 1,2, Kamal Sud 20[image: Orcid], Vicente E. Torres 21, Eswari Vilayur 22, Jennifer Q. J. Zhang 1,2[image: Orcid] and Gopala K. Rangan 1,2,*





1



Centre for Transplant and Renal Research, Westmead Institute for Medical Research, The University of Sydney, Sydney 2145, Australia






2



Department of Renal Medicine, Westmead Hospital, Western Sydney Local Health District, Sydney 2145, Australia






3



School of Life and Environmental Sciences, The University of Sydney, Sydney 2006, Australia






4



St George Hospital, Sydney 2217, Australia






5



The George Institute for Global Health, University of New South Wales, Sydney 2042, Australia






6



Sir Charles Gairdner Hospital, Perth 6009, Australia






7



Medical School, University of Western Australia, Perth 6009, Australia






8



Polycystic Kidney Disease Australia, Roseville 2069, Australia






9



North Shore Nephrology, Sydney 2065, Australia






10



Department of Renal Medicine, Prince of Wales Hospital, Sydney 2031, Australia






11



Kansas University Medical Center, Kansas City, MO 66103, USA






12



Department of Renal Medicine, Bathurst Hospital, Bathurst 2795, Australia






13



Australasian Kidney Trials Network, University of Queensland at Princess Alexandra Hospital, Brisbane 4102, Australia






14



Translational Research Institute, Brisbane 4102, Australia






15



Department of Nephrology, Princess Alexandra Hospital, Brisbane 4102, Australia






16



Department of Renal Medicine, Wollongong Hospital, Wollongong 2500, Australia






17



Gosford Nephrology, Gosford 2250, Australia






18



Department of Renal Medicine, Liverpool Hospital, Southwestern Sydney Local Health District, Sydney 2170, Australia






19



Renal Research, Gosford 2250, Australia






20



Department of Renal Medicine, Nepean Hospital, Sydney 2751, Australia






21



Translational Polycystic Kidney Disease Center, Mayo Clinic, Rochester, NY 55902, USA






22



Department of Nephrology, John Hunter Hospital, Newcastle 2305, Australia









*



Correspondence: gopi.rangan@health.nsw.gov.au or g.rangan@sydney.edu.au; Tel.: +61-2-8627-3502; Fax: +61-2-9475-1146







Received: 4 October 2020 / Accepted: 29 October 2020 / Published: 2 November 2020



Abstract

:

The excess intake of dietary sodium is a key modifiable factor for reducing disease progression in autosomal dominant polycystic kidney disease (ADPKD). The aim of this study was to test the hypothesis that the scored salt questionnaire (SSQ; a frequency questionnaire of nine sodium-rich food types) is a valid instrument to identify high dietary salt intake in ADPKD. The performance of the SSQ was evaluated in adults with ADPKD with an estimated glomerular filtration rate (eGFR) ≥ 30 mL/min/1.73 m2 during the screening visit of the PREVENT-ADPKD trial. High dietary sodium intake (HSI) was defined by a mean 24-h urinary sodium excretion ≥ 100 mmol/day from two collections. The median 24-h urine sodium excretion was 132 mmol/day (IQR: 112–172 mmol/d) (n = 75; mean age: 44.6 ± 11.5 years old; 53% female), and HSI (86.7% of total) was associated with male gender and higher BMI and systolic blood pressure (p < 0.05). The SSQ score (73 ± 23; mean ± SD) was weakly correlated with log10 24-h urine sodium excretion (r = 0.29, p = 0.01). Receiving operating characteristic analysis showed that the optimal cut-off point in predicting HSI was an SSQ score of 74 (area under the curve 0.79; sensitivity 61.5%; specificity 90.0%; p < 0.01). The evaluation of the SSQ in participants with a BMI ≥ 25 (n = 46) improved the sensitivity (100%) and the specificity (100%). Consumers with an SSQ score ≥ 74 (n = 41) had higher relative percentage intake of processed meats/seafood and flavourings added to cooking (p < 0.05). In conclusion, the SSQ is a valid tool for identifying high dietary salt intake in ADPKD but its value proposition (over 24-h urinary sodium measurement) is that it may provide consumers and their healthcare providers with insight into the potential origin of sodium-rich food sources.






Keywords:


autosomal dominant polycystic kidney disease; diet; sodium; salt; progression; 24-h urine; food frequency questionnaire












1. Introduction


Autosomal dominant polycystic kidney disease (ADPKD) is the most common (1:1000) adult-onset genetic chronic kidney disease (CKD) caused by variants in either PKD1, PKD2 or, rarely, other genes [1]. The cardinal feature of ADPKD is the formation and growth of multiple kidney cysts, which leads to a fifty percent lifetime risk of developing kidney failure, recurrent episodic kidney pain and hypertension [2,3]. The excess intake of dietary sodium has been identified as a key modifiable factor for promoting the post-natal growth of kidney cysts and hypertension in ADPKD [4]. In one of the largest clinical trials conducted in PKD, the HALT Progression of Polycystic Kidney Disease (HALT-PKD) study comprising 1044 adults with ADPKD, high dietary sodium intake was associated with a greater total kidney volume (TKV) growth rate and a steeper decline in estimated glomerular filtration rate (eGFR) [5,6]. Based on these data, as well as the benefits of the Dietary Approaches to Stop Hypertension (DASH) diet in the general [7] and CKD population [4,8], clinical practice guidelines in ADPKD recommend the restriction of dietary sodium intake to ≤100 mmol/day (<6 g salt or <2.3 g sodium daily) to reduce disease complications [9,10,11,12].



However, the majority of adults with ADPKD typically exceed the recommended dietary intake of sodium [4]. The Consortium for Radiologic Imaging Studies of PKD (CRISP) demonstrated that the annual 24-h urine sodium excretion consistently exceeded 190 mmol/day in North American adults with ADPKD over a six-year period [6,13] and informal dietary counselling was insufficient to alter dietary habits [5]. For example, in the HALT-PKD study, instruction by the clinical trial coordinators to reduce salt intake to less than 100 mmol/day led only to a marginal reduction in the urinary sodium excretion of between 6% and 14.5% from baseline mean values (178 mmol sodium/day) [5]. Although persons with ADPKD are probably motivated to implement this intervention, a major barrier may be the absence of simple methods to assess dietary sodium intake [14,15]. Traditionally, the gold-standard biomarker to estimate sodium intake has been twenty-four-hour urine sodium excretion, as approximately 90% of dietary sodium is excreted in urine [16,17,18], but this method is time-consuming and inconvenient for consumers, and there is an increased risk of error in collection [19]. Food frequency questionnaires (FFQ), on the other hand, are a quick and inexpensive method for healthcare practitioners to easily identify high sodium consumers [20]. Although FFQs have potential for systematic error, their relative ease of use might provide a more practical and acceptable method to rapidly identify the intake of high dietary salt [21] in ADPKD [16,19].



There has been little research undertaken into the validity and performance of FFQs to estimate dietary salt intake in ADPKD. The Scored Sodium Questionnaire (SSQ) is an FFQ that was developed and validated at the Royal Brisbane and Women’s Hospital in Australia to identify high salt intake in patients with chronic kidney disease stages 3 to 5 [20,22]. The SSQ is a 35-item instrument which categorises into nine key sodium-rich food sources and requests information regarding the use of discretionary salt, dining out and use of salt-reduced products [22]. Therefore, the aim of this study was to evaluate the hypothesis that the SSQ is a valid instrument for identifying high dietary salt intake in ADPKD.




2. Materials and Methods


2.1. Study Population


This project is a sub-study of the PREVENT-ADPKD trial registered with the Australian New Zealand Clinical Trials Registry (ANZCTR) (No. ACTRN12614001216606) [23]. All consecutive participants that consented and attended the first study visit (screening visit) of the PREVENT-ADPKD clinical trial between May 2017 and May 2018 were included [23]. Recruitment occurred at thirteen Australian sites including in Sydney, regional New South Wales, Brisbane and Perth [23]. Participants met the inclusion criteria for the PREVENT-ADPKD study, which was a diagnosis of ADPKD, aged between 18 and 67 years old, estimated glomerular filtration rate (eGFR) ≥ 30 ml/min/1.73 m2 and providing informed consent. The exclusion criteria were a contraindication to undergo magnetic resonance imaging (MRI) (such as pregnancy, claustrophobia) (as this is the primary outcome measure in the PREVENT-ADPKD study), being considered non-compliant, a confounding illness or treatment and/or participation in another clinical trial [23]. The study was conducted according to the Declaration of Helsinki and approved by the Western Sydney Local Health District (WSLHD) Human Research Ethics Committee (HREC), HREC ref: AU RED HREC/14/WMEAD/414.




2.2. Study Design


Data were collected at the screening visit and included height, body weight, body mass index (BMI) and office blood pressure, as described in the PREVENT-ADPKD trial protocol [23]. During the visit, participants self-completed the SSQ and were instructed to perform two 24-h urine collections for urine sodium excretion and a blood test for serum creatinine to calculate the eGFR over the following 12 weeks.




2.3. Measurement of Urinary Sodium Excretion


The analysis of serum creatinine and 24-h urine sodium was performed by a clinical pathology laboratory (Douglass Hanly Moir, Ryde, NSW, Australia) accredited by the National Association of Testing Authorities, Australia. The eGFR was determined by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula. The dietary sodium intake was determined from the mean of the two 24-h urine sodium excretions [19] and high sodium intake was defined as the mean 24-h sodium excretion that exceeded 100 mmol/day [9]. Incomplete collection of a 24-h urine collection was defined by a creatinine index (urinary creatinine (mmol/day) × 113)/(21 × body weight (kg)) of less than 0.7 [24,25,26] whereas overcollection if the 24-h urine creatinine excretion was >25 mg/kg/day in males or >20 mg/kg/day in females [27,28]. Participants with at least one sample meeting these criteria were excluded from further analysis.




2.4. Scored Salt Questionnaire


The SSQ was a self-reported questionnaire that determines the frequency of the usual consumption of sodium-rich food types over the previous six months [22]. The food types were categorised into nine groups and scored based on frequency of consumption (either never/rare; once per week; 2–3 times per week or at least once daily) [22]. The groups and the maximum score (MS) for each were as follows: (i) Group 1: Breads (MS = 30); (ii) Group 2: Spreads (MS = 12); (iii) Group 3: Cereals, biscuits and baking (MS = 17); (iv) Group 4: Cheeses and savory snacks (MS = 20); (v) Group 5: Tinned and packed foods and other meal components (MS = 19); (vi) Group 6: Processed meats and seafood (MS = 35); (vii) Group 7: Flavorings added in cooking (MS = 43); (viii) Group 8: Flavorings added at the table (MS = 24); (ix) Group 9: Pre-prepared meals and drinks and eating out (MS = 15). The total SSQ score was determined by the sum of individual values for each food type category, with a maximum possible score of 215, with larger values indicative of higher salt consumption [22].




2.5. Statistical Analysis


Statistical analysis was conducted using JMP® Pro software (v14.2.0, SAS Institute, Cary, NC, USA) and a p value of less than 0.05 was defined as statistical significance. The normality of the distribution was determined using the Shapiro–Wilk W Test. All normally distributed continuous variables were reported as means ± SD, non-normally distributed variables were expressed as median and interquartile range (IQR) and categorical data were reported as n (%). Non-normally distributed data were natural log (In)-transformed, as appropriate. Differences between groups were determined using one-way ANOVA, Kruskal–Wallis and Chi-squared test for normally distributed continuous, non-normally distributed and categorical variables, respectively. The 24-h urine sodium excretion was determined from the mean values derived from two collections. The SSQ score was analysed as a continuous variable and the relative contributions of the nine categories were expressed as a percentage of the total score. The correlation between SSQ score and log 24-h urine sodium excretion was determined using the Spearman correlation coefficient. The receiver operating characteristic (ROC) analysis and measures of diagnostic accuracy were used to determine the performance of the SSQ to predict a 24-h urine sodium excretion of greater than 100 mmol/day.





3. Results


3.1. Characteristics of High and Low Sodium Intake Groups


As shown in Figure 1, one hundred and sixty-four participants were invited to complete the SSQ and two 24-h urine collections. Fifty-five participants were excluded due to not completing either the SSQ and/or two urine collections, leaving 109 participants. Of the 109 participants, a further 34 were excluded due to a 24-h urine sample being incomplete (under-collection, n = 21) or being over-collected (n = 13) (Figure 1). Participants with an under-collected urine sample were more likely to be female and have a higher BMI, whereas those who over-collected had a higher 24-h urine sodium excretion, as expected (p < 0.01, Supplementary Table S1).



In participants with complete urine collections, the median 24-h urinary sodium excretion was 132 mmol/day (IQR, 112–172 mmol/day) (Table 1). The majority (86.7%) of the cohort had a 24-h urinary sodium level ≥ 100 mmol/day, and these participants were more likely to be male and have a higher body weight, height, BMI and systolic blood pressure than those with 24-h urinary sodium < 100 mmol/day (Table 1). The median number of days between the two 24-h urine collections was 14 (IQR, 6.75–14 days), and this was not correlated with the urinary sodium excretion (r = 0.035, p = 0.77). Participants performed the majority (88%) of both urine collections on weekdays.




3.2. Performance of the SSQ with 24-H Urine Sodium Excretion


The mean SSQ score of the study population was 73 ± 23 and was lower in participants with 24-h urine Na < 100 mmol/day (24-h urine Na < 100 mmol/day: 53 ± 21; 24-h urine Na ≥ 100 mmol/day: 76 ± 22; p < 0.01). The relationship between the SSQ score and the log mean 24-h urine sodium excretion was weak (r = 0.29; p = 0.01) (Figure 2). By multivariable analysis (gender, height, BMI, weight, systolic blood pressure and the SSQ score), only the BMI and SSQ score were significantly associated with the log mean 24-h urine sodium excretion (p < 0.01). By the ROC analysis, an SSQ score of 74 was the optimal cut-off point to predict 24-h urine Na ≥ 100 mmol/day, with an area under the curve (AUC) of 0.79 (p < 0.01) (Figure 3A). The ROC analysis for BMI alone demonstrated that a value of 24.7 kg/m2 was the optimal cut-off point to predict 24-h urine Na ≥ 100 mmol/day, with an AUC of 0.75 (p = 0.02) (Figure 3B). The performance characteristics of the SSQ and BMI are shown in Table 2. Furthermore we evaluated the performance of the SSQ in participants with BMI ≥ 25 kg/m2 (n = 46) and <25kg/m2 (n = 29) and the results showed that the accuracy improved to 100% in the former (p < 0.01) but was not significant in the latter group (AUC = 0.72, p = 0.13) (Table 2).




3.3. Characteristics of the Sodium-Rich Foods Types Identified by the SSQ


The breakdown of the SSQ score into each of the nine sodium-rich food types for the study population, as determined by the absolute values, is shown in Figure 4A and Supplementary Table S2. The top five sodium-rich food groups as a median percentage of the total SSQ score were: Group 7 (Flavorings added in cooking; 19.5%), Group 1 (Breads; 19.0%), Group 6 (Processed meats and seafood; 17.0%); Group 8 (Flavorings added at the table; 9.4%) and Group 4 (Cheeses and Savory Snacks; 9.1%) (Supplementary Table S3). With the exception of Group 3 (Cereals, biscuits and baking), participants with an SSQ ≥ 74 had higher absoluate values for all sodium-rich food categories compared to those with an SSQ < 74 (Figure 4B and Supplementary Table S2). Compared with the individuals scoring SSQ < 74, the median SSQ scores in Group 6 (Processed Meat and Seafood), Group 7 (Flavoring added in cooking) and Group 8 (Flavorings added at the table) were approximately 3.1-, 2.8- and 2.0-fold higher in those with an SSQ ≥ 74 (Figure 4B and Supplementary Table S2). The relative percentage contribution to the total SSQ score from Group 1 (Breads) was the only category lower in the SSQ ≥ 74 group compared to the SSQ score < 74 group whereas Group 3 (cereal), Group 4 (Cheeses) and Group 6 (Processed Meat) and 7 (Flavourings) were higher (Supplementary Table S3), suggesting preferential differences in dietary sources of salt between the two groups.





4. Discussion


This study has evaluated the performance of a food frequency questionnaire to screen for high dietary salt intake in people with ADPKD. The key findings were: (i) a score of greater than 74 from the SSQ predicted high dietary salt intake (as defined by 24-h urine sodium excretion of ≥ 100 mmol/day) with a PPV of 97.6% and a NPV of 26.5%, and both of these parameters improved to 100% in participants who had a BMI ≥ 25; (ii) the intake of specific sodium-rich food groups (Processed meats/seafood and flavourings added in cooking or at the table) made a higher contribution to the SSQ score in participants with an SSQ ≥ 74; and (iii) the 24-h urinary sodium excretion was a burdensome method to assess dietary salt, given that 31.2% of our population made errors during the collection period and had to be excluded from the analysis. Taken together, these data suggest that the SSQ is a valid instrument for identifying high dietary sodium intake in ADPKD but its unique value proposition (over 24-h urine collection) is that it is likely to provide insight to both consumers with ADPKD as well as their healthcare practitioners into the potential origin of sodium-rich food sources.



The results of the current study demonstrate that the SSQ is a simple instrument for identifying high dietary salt intake in the ADPKD population [22]. In previous studies, Ross et al. reported that the SSQ could be self-completed in an outpatient setting with a median completion time of 10 min [20]. In the current study, we also found that participants completed the SSQ in a similar timeframe during outpatient visits with minimal assistance from staff. Because the SSQ was first developed in people with CKD, the main goal of this study was to determine its performance in ADPKD, and we found that there were some slight differences. First, the correlation between the SSQ score and 24-h urine sodium excretion in our study (r = 0.29; p = 0.01) was lower than that reported by Mason et al. (r = 0.371, p = 0.031) [22], but not dissimilar to that achieved by other salt food frequency questionnaires [29]. Second, we found that the optimal cut-off point for the SSQ score was 74, with a PPV of 97.6% and NPV of 26.5%. In contrast, Mason et al. reported that a score of 65 was best for their study population, with a PPV of 88% and a NPV of 44% [22]. These slight differences could be due to variations between the two study populations, as the cohort in the study by Mason et al. was older (69.7 ± 13.5 years old), with CKD stages 3–5 [22], compared to the population in the current report (age 44.6 ± 11.5 years old, with CKD stages 1–3). In our study, we also found that higher BMI was associated with high dietary salt intake, and for BMI ≥ 25 kg/m2, the ROC analysis improved the global performance of the SSQ, with the AUC in the ROC curve increasing from 0.79 to 1.00. In contrast, we found that the SSQ performed poorly in those with BMI < 25kg/m2.



The excess intake of dietary salt is a major problem in the ADPKD population because of its impact on long-term disease outcomes [5]. The implementation of dietary salt restriction in clinical practice has been challenging, and this is reflective of the reliance and pervasive availability of processed and sodium-rich foods in the broader community [30,31]. As noted in the present study, 86.7% of people with ADPKD were categorised as having a high dietary salt intake. Although high quality evidence supports the efficacy of dietary sodium restriction for improving blood pressure and proteinuria in CKD, and on reducing renal disease progression (cyst growth and eGFR decline) in ADPKD [5], there is poor consumer adherence to clinical practice guidelines [32,33,34,35]. The reasons for this are multifactorial and include not only gaps in dietary sodium knowledge but also personal attitudes and behaviours, such as taste preferences, willpower, socioeconomic factors, social expectation and disease concern [30,36]. In this regard, we hypothesise that young people with ADPKD (<35 years old) have less intrinsic motivation to change behaviour, due to a lack of symptoms, than older people with ADPKD [37]. While the SSQ may not solve all the issues related to poor adherence, we postulate that its use in clinical practice might have two beneficial consequences. First, it may provide individuals with a tool to become self-aware of the importance of their salt intake and foods rich in sodium. Second, it may assist healthcare practitioners in identifying and discussing high salt consumption, which could facilitate referral to dietitians to provide targeted education and counselling. Further clinical audit studies are needed to investigate this hypothesis.



Not surprisingly, the current study provided further evidence that 24-h urine collection to estimate dietary salt intake is inconvenient for participants in either a research setting and/or in clinical practice, as shown previously [21,25]. In the current study, 31.2% of patients either under-collected their 24-h urine sample (19.3% of total population, as defined by a creatinine index of less than 0.7) [24] or defined as overcollection (11.9% of the total population), and this high prevalence rate is comparable to previous studies [27,38]. Para-aminobenzoic acid (PABA) [39] can be used to assess under-collection [19] but was not performed in the current study due to the complexity and burden to participants [25], and this method also does not identify over-collection [27]. The inconvenience of 24-h collection contrasts with the SSQ, which, despite its limitations, is far easier to perform in the clinical setting. However, it will be important in future studies to evaluate whether additional biomarkers such as copeptin [40] and spot urine sodium [19] are suitable surrogate indicators with good diagnostic performance to screen for excess dietary salt intake in ADPKD, in combination with the SSQ.



The strengths of the present study are the sample size, use of multiple statistical methods, assessment of urine completeness (both over- and under-collected samples excluded to reduce bias) and that two 24-h urine collections per participant was used as the reference method to estimate dietary sodium intake [29]. There are several limitations. First, the version of the SSQ used in this study has been designed for a population consuming a western diet and might not apply to other cultures with different eating patterns [41]. Thus, modification of the wording of the SSQ and the type of sodium-rich food will be needed to determine its utility in ADPKD populations living in other countries. Second, the SSQ (like all food frequency questionnaires) is subject to recall bias and under-reporting, which could lead to underestimation of sodium intake. Third, the results of this study are based on participants recruited to a clinical trial, which might influence their dietary behaviours and questionnaire responses and may not be representative of the entire ADPKD population. It would also be important to address the hypothesis of this study in children, such as at-risk adolescents [2]. Fourth, the sample sizes of the two groups were unequal; therefore, ideally, larger cohort studies and/or clinical trials should be undertaken using the SSQ in the future to provide additional evidence for its use in ADPKD. Lastly, participants performed the majority of the 24-h urine collections on weekdays (88%) but data on whether these were working days were not determined, as this could influence dietary sodium intake behaviour.



In conclusion, the results of the study show that the SSQ is a valid instrument for screening for high dietary salt intake in the ADPKD population. Further studies should be undertaken to evaluate whether the combination with other biomarkers, such as the estimation of spot urine sodium, further enhances the diagnostic performance of the SSQ to assess dietary salt intake in ADPKD [21]. At a fundamental level, the use of the SSQ in clinical practice will provide a focused approach for initiating a dialogue with people with ADPKD about dietary salt intake and encouraging changes in behaviour. In this regard, another key question regarding the SSQ is whether its longitudinal use in people with ADPKD can be effective in raising “salt consciousness” [21] and lead to a sustained reduction in dietary sodium intake in individuals [36]. Future cohort studies are needed to address the impact of these simple interventions on disease outcomes in ADPKD.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6643/12/11/3376/s1, Table S1: Characteristics of the study population subdivided according to the completeness of the urine collection; Table S2: Median absolute values of each of the nine sodium-rich food types from the SSQ; Table S3. Median relative percentages of each of the nine sodium-rich food types from the SSQ.





Author Contributions


Conceptualization: A.T.Y.W., G.R.; methodology, validation; formal analysis, investigation, resources, data curation, writing—original draft preparation, writing—review and editing: A.T.Y.W., A.M., M.A.-F., S.V.B., N.B., H.C., A.N.C., S.C., M.F., J.G., I.H., D.C.H.H., C.M.H., J.H., D.W.J., K.K., V.W.L., M.L., J.M., A.R., S.D.R., S.S., K.S, V.E.T., E.V., J.Q.J.Z., G.K.R.; project administration: A.T.Y.W., A.M., G.K.R.; funding acquisition, G.K.R., A.T.Y.W., M.A.-F., N.B., D.C.H.H., S.V.B., J.G., C.M.H., D.W.J., A.R., S.D.R., V.E.T. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by an investigator-initiated grant from Danone Research, the National Health and Medical Research Council of Australia (Grant Nos. 1138533 and 1164128), PKD Australia, the Westmead Medical Research Foundation and University of Sydney Bridging Grants. G. Rangan is a full-time employee of Westmead Hospital (Western Sydney Local Health District, NSW Health) and facilities to produce this manuscript were provided by the Westmead Institute for Medical Research, The University of Sydney. A Wong, A. Munt and S. Saravanabavan are supported by project grants from the National Health and Medical Research Council of Australia and in part by grants an Investigator-initiated grant from Danone Research and PKD Australia. A. Chandra is supported by a Postgraduate Research Scholarship in Polycystic Kidney Disease from the Westmead Institute for Medical Research. J. Zhang is supported by a Research Training Program Stipend from the University of Sydney. The manuscript was prepared was independently of the funding organisations.




Acknowledgments


The authors thank the participants and their families for contributing time and effort in research to improve the health of people with ADPKD. The authors are grateful to the clinical trial and administrative staff at all study sites. This manuscript was presented in abstract form at the Australian and New Zealand Society of Nephrology Annual Scientific Meeting (2018) and the Dietetic Association Annual Scientific Meeting (2019).




Conflicts of Interest


G. Rangan receives research grant support from Danone Research, Otsuka Pharmaceuticals and has been a site investigator for clinical trials sponsored by Sanofi, Reata Pharmaceuticals. G. Rangan also receives grant support from NHMRC and PKD Australia. D. Johnson has received consultancy fees, research grants, speaker’s honoraria and travel sponsorships from Baxter Healthcare and Fresenius Medical Care, consultancy fees from Astra Zeneca and AWAK, speaker’s honoraria and travel sponsorships from ONO, and travel sponsorships from Amgen. He is a current recipient of an Australian National Health and Medical Research Council Practitioner Fellowship. The authors have no other relevant affiliations or financial involvement with any organisation or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.




References


	



Gall, E.C.L.; Alam, A.; Perrone, R.D. Autosomal dominant polycystic kidney disease. Lancet 2019, 393, 919–935. [Google Scholar] [CrossRef]

	



Grantham, J.J. Rationale for early treatment of polycystic kidney disease. Pediatr. Nephrol. 2015, 30, 1053–1062. [Google Scholar] [CrossRef] [PubMed]

	



Ecder, T. Cardiovascular complications in autosomal dominant polycystic kidney disease. Curr. Hypertens. Rev. 2013, 9, 2–11. [Google Scholar] [CrossRef]

	



Carriazo, S.; Perez-Gomez, M.V.; Cordido, A.; Garcia-Gonzalez, M.A.; Sanz, A.B.; Ortiz, A.; Sanchez-Nino, M.D. Dietary care for ADPKD patients: Current status and future directions. Nutrients 2019, 11, 1576. [Google Scholar] [CrossRef] [PubMed]

	



Torres, V.E.; Abebe, K.Z.; Schrier, R.W.; Perrone, R.D.; Chapman, A.B.; Yu, A.S.; Braun, W.E.; Steinman, T.I.; Brosnahan, G.; Hogan, M.C.; et al. Dietary salt restriction is beneficial to the management of autosomal dominant polycystic kidney disease. Kidney Int. 2017, 91, 493–500. [Google Scholar] [CrossRef] [PubMed]

	



Torres, V.E.; Grantham, J.J.; Chapman, A.B.; Mrug, M.; Bae, K.T.; King, B.F., Jr.; Wetzel, L.H.; Martin, D.; Lockhart, M.E.; Bennett, W.M.; et al. Potentially modifiable factors affecting the progression of autosomal dominant polycystic kidney disease. Clin. J. Am. Soc. Nephrol. CJASN 2011, 6, 640–647. [Google Scholar] [CrossRef] [PubMed]

	



Sacks, F.M.; Svetkey, L.P.; Vollmer, W.M.; Appel, L.J.; Bray, G.A.; Harsha, D.; Obarzanek, E.; Conlin, P.R.; Miller, E.R., III; Simons-Morton, D.G.; et al. Effects on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH) diet. DASH-Sodium Collaborative Research Group. N. Engl. J. Med. 2001, 344, 3–10. [Google Scholar] [CrossRef] [PubMed]

	



Garofalo, C.; Borrelli, S.; Provenzano, M.; de Stefano, T.; Vita, C.; Chiodini, P.; Minutolo, R.; de Nicola, L.; Conte, G. Dietary Salt Restriction in Chronic Kidney Disease: A Meta-Analysis of Randomized Clinical Trials. Nutrients 2018, 10, 732. [Google Scholar] [CrossRef] [PubMed]

	



Campbell, K.L.; Rangan, G.K.; Lopez-Vargas, P.; Tong, A. KHA-CARI autosomal dominant polycystic kidney disease guideline: Diet and lifestyle management. Semin. Nephrol. 2015, 6, 572. [Google Scholar] [CrossRef]

	



Gimpel, C.; Bergmann, C.; Bockenhauer, D.; Breysem, L.; Cadnapaphornchai, M.A.; Cetiner, M.; Dudley, J.; Emma, F.; Konrad, M.; Harris, T.; et al. International consensus statement on the diagnosis and management of autosomal dominant polycystic kidney disease in children and young people. Nat. Rev. Nephrol. 2019, 15, 713–726. [Google Scholar] [CrossRef]

	



Ars, E.; Bernis, C.; Fraga, G.; Martinez, V.; Martins, J.; Ortiz, A.; Rodriguez-Perez, J.C.; Sans, L.; Torra, R. Spanish working group on inherited kidney D. Spanish guidelines for the management of autosomal dominant polycystic kidney disease. Nephrol. Dial. Transplant. 2014, 29, 95–105. [Google Scholar] [CrossRef] [PubMed]

	



Soroka, S.; Alam, A.; Bevilacqua, M.; Girard, L.P.; Komenda, P.; Loertscher, R.; McFarlane, P.; Pandeya, S.; Tam, P.; Bichet, D.G. Updated Canadian Expert Consensus on Assessing Risk of Disease Progression and Pharmacological Management of Autosomal Dominant Polycystic Kidney Disease. Can. J. Kidney Health Dis. 2018, 5. [Google Scholar] [CrossRef]

	



Tong, A.; Tunnicliffe, D.J.; Lopez-Vargas, P.; Mallett, A.; Patel, C.; Savige, J.; Campbell, K.; Patel, M.; Tchan, M.C.; Alexander, S.I.; et al. Identifying and integrating consumer perspectives in clinical practice guidelines on autosomal-dominant polycystic kidney disease. Nephrology 2016, 21, 122–132. [Google Scholar] [CrossRef] [PubMed]

	



Luong, D.T.A.; Tran, D.; Pace, W.D.; Dickinson, M.; Vassalotti, J.; Carroll, J.; Withiam-Leitch, M.; Yang, M.; Satchidanand, N.; Staton, E.; et al. Extracting deep phenotypes for chronic kidney disease using electronic health records. EGEMS 2017, 5, 9. [Google Scholar] [CrossRef]

	



Taylor, J.M.; Ptomey, L.; Hamilton-Reeves, J.M.; Sullivan, D.K.; Creed, C.; Carlson, S.E.; Wesson, D.E.; Grantham, J.J.; Gibson, C.A. Experiences and perspectives of polycystic kidney disease patients following a diet of reduced osmoles, protein, and acid precursors supplemented with water: A qualitative study. PLoS ONE 2016, 11, e0161043. [Google Scholar] [CrossRef] [PubMed]

	



Ji, C.; Sykes, L.; Paul, C.; Dary, O.; Legetic, B.; Campbell, N.R.; Cappuccio, F.P.; Sub-Group for R, Surveillance of the P-WHOREGfCDPTP-wDSR. Systematic review of studies comparing 24-h and spot urine collections for estimating population salt intake. Rev. Panam. Salud. Publica. 2012, 32, 307–315. [Google Scholar] [CrossRef]

	



Graffe, C.C.; Bech, J.N.; Lauridsen, T.G.; Pedersen, E.B. Urinary excretion of AQP2 and ENaC in autosomal dominant polycystic kidney disease during basal conditions and after a hypertonic saline infusion. Am. J. Physiol. Renal. Physiol. 2012, 302, 917–927. [Google Scholar] [CrossRef]

	



Jensen, J.M.; Mose, F.H.; Kulik, A.E.; Bech, J.N.; Fenton, R.A.; Pedersen, E.B. Abnormal urinary excretion of NKCC2 and AQP2 in response to hypertonic saline in chronic kidney disease: An intervention study in patients with chronic kidney disease and healthy controls. BMC Nephrol. 2014, 15. [Google Scholar] [CrossRef]

	



Campbell, N.R.C.; He, F.J.; Tan, M.; Cappuccio, F.P.; Neal, B.; Woodward, M.; Cogswell, M.E.; McLean, R.; Arcand, J.; MacGregor, G.; et al. The International Consortium for Quality Research on Dietary Sodium/Salt (TRUE) position statement on the use of 24-h, spot, and short duration (<24 hours) timed urine collections to assess dietary sodium intake. J. Clin. Hypertens. 2019, 21, 700–709. [Google Scholar] [CrossRef]

	



Ross, L.; Chong, S.H.; Mason, B.; Healy, H. Development and evaluation of a scored sodium questionnaire-screening form for kidney disease patients. J. Ren. Nutr. 2016, 26, 159–167. [Google Scholar] [CrossRef]

	



Tsuchihashi, T. Practical and personal education of dietary therapy in hypertensive patients. Hypertens. Res. 2020, 43, 6–12. [Google Scholar] [CrossRef]

	



Mason, B.; Ross, L.; Gill, E.; Healy, H.; Juffs, P.; Kark, A. Development and validation of a dietary screening tool for high sodium consumption in Australian renal patients. J. Ren. Nutr. 2014, 24, 123–134. [Google Scholar] [CrossRef]

	



Wong, A.T.Y.; Mannix, C.; Grantham, J.J.; Allman-Farinelli, M.; Badve, S.V.; Boudville, N.; Byth, K.; Chan, J.; Coulshed, S.; Edwards, M.E.; et al. Randomised controlled trial to determine the efficacy and safety of prescribed water intake to prevent kidney failure due to autosomal dominant polycystic kidney disease (PREVENT-ADPKD). BMJ Open 2018, 8, e018794. [Google Scholar] [CrossRef]

	



Knuiman, J.T.; Hautvast, J.G.; van der Heyden, L.; Geboers, J.; Joossens, J.V.; Tornqvist, H.; Isaksson, B.; Pietinen, P.; Tuomilehto, J.; Poulsen, L.; et al. A multi-centre study on completeness of urine collection in 11 European centres. I. Some problems with the use of creatinine and 4-aminobenzoic acid as markers of the completeness of collection. Hum. Nutr. Clin. Nutr. 1986, 40, 229–237. [Google Scholar] [PubMed]

	



John, K.A.; Cogswell, M.E.; Campbell, N.R.; Nowson, C.A.; Legetic, B.; Hennis, A.J.; Patel, S.M. Accuracy and usefulness of select methods for assessing complete collection of 24-h urine: A systematic review. J. Clin. Hypertens. 2016, 18, 456–467. [Google Scholar] [CrossRef] [PubMed]

	



Murakami, K.; Sasaki, S.; Takahashi, Y.; Uenishi, K.; Watanabe, T.; Kohri, T.; Yamasaki, M.; Watanabe, R.; Baba, K.; Shibata, K.; et al. Sensitivity and specificity of published strategies using urinary creatinine to identify incomplete 24-h urine collection. Nutrition 2008, 24, 16–22. [Google Scholar] [CrossRef] [PubMed]

	



Jedrusik, P.; Symonides, B.; Gaciong, Z. Performance of 24-h urinary creatinine excretion-estimating equations in relation to measured 24-h urinary creatinine excretion in hospitalized hypertensive patients. Sci. Rep. 2019, 9, 3593. [Google Scholar] [CrossRef] [PubMed]

	



Imbembo, A.L.; Walser, M. Nutritional assessment. In Nutritional Assessment, the John Hopkins Handbook; Imbembo, A.L., Walser, M., Margolis, S., Eds.; W.B. Saunders: Philadelphia, PA, USA, 1984; pp. 9–30. [Google Scholar]

	



McLean, R.M.; Farmer, V.L.; Nettleton, A.; Cameron, C.M.; Cook, N.R.; Campbell, N.R.C.; Consortium, T. Assessment of dietary sodium intake using a food frequency questionnaire and 24-h urinary sodium excretion: A systematic literature review. J. Clin. Hypertens. 2017, 19, 1214–1230. [Google Scholar] [CrossRef]

	



Grimes, C.A.; Kelley, S.J.; Stanley, S.; Bolam, B.; Webster, J.; Khokhar, D.; Nowson, C.A. Knowledge, attitudes and behaviours related to dietary salt among adults in the state of Victoria, Australia 2015. BMC Public Health 2017, 17, 532. [Google Scholar] [CrossRef]

	



Baker, P.; Machado, P.; Santos, T.; Sievert, K.; Backholer, K.; Hadjikakou, M.; Russell, C.; Huse, O.; Bell, C.; Scrinis, G.; et al. Ultra-processed foods and the nutrition transition: Global, regional and national trends, food systems transformations and political economy drivers. Obes. Rev. 2020. [Google Scholar] [CrossRef]

	



McMahon, E.J.; Campbell, K.L.; Mudge, D.W.; Bauer, J.D. Achieving salt restriction in chronic kidney disease. Int. J. Nephrol. 2012, 720429. [Google Scholar] [CrossRef] [PubMed]

	



Kutlugun, A.A.; Arici, M.; Yildirim, T.; Turgut, D.; Yilmaz, R.; Altindal, M.; Altun, B.; Erdem, Y.; Yasavul, U.; Turgan, C. Daily sodium intake in chronic kidney disease patients during nephrology clinic follow-up: An observational study with 24-h urine sodium measurement. Nephron. Clin. Pract. 2011, 118, 361–366. [Google Scholar] [CrossRef] [PubMed]

	



Leonardis, D.; Mallamaci, F.; Enia, G.; Postorino, M.; Tripepi, G.; Zoccali, C.; Investigators, M.S. The MAURO study: Baseline characteristics and compliance with guidelines targets. J. Nephrol. 2012, 25, 1081–1090. [Google Scholar] [CrossRef] [PubMed]

	



Ohta, Y.; Kimura, Y.; Kitaoka, C.; Sakata, T.; Abe, I.; Kawano, Y. Blood pressure control status and relationship between salt intake and lifestyle including diet in hypertensive outpatients treated at a general hospital. Clin. Exp. Hypertens. 2017, 39, 29–33. [Google Scholar] [CrossRef]

	



Wright, H.H.; Kickbusch, H.; Swanepoel, E.; Gray, N. Factors influencing low sodium intake in people with non-dialysis dependent chronic kidney disease. J. Ren. Care 2020, 46, 95–105. [Google Scholar] [CrossRef]

	



Gabow, P.A.; Ikle, D.W.; Holmes, J.H. Polycystic kidney disease: Prospective analysis of nonazotemic patients and family members. Ann. Intern. Med. 1984, 101, 238–247. [Google Scholar] [CrossRef]

	



Christopher-Stine, L.; Petri, M.; Astor, B.C.; Fine, D. Urine protein-to-creatinine ratio is a reliable measure of proteinuria in lupus nephritis. J. Rheumatol. 2004, 31, 1557–1559. [Google Scholar]

	



Jakobsen, J.; Ovesen, L.; Fagt, S.; Pedersen, A.N. Para-aminobenzoic acid used as a marker for completeness of 24 hour urine: Assessment of control limits for a specific HPLC method. Eur. J. Clin. Nutr. 1997, 51, 514–519. [Google Scholar] [CrossRef]

	



Amro, O.W.; Paulus, J.K.; Noubary, F.; Perrone, R.D. Low-osmolar diet and adjusted water intake for vasopressin reduction in autosomal dominant polycystic kidney disease: A pilot randomized controlled trial. Am. J. Kidney Dis. 2016, 68, 882–891. [Google Scholar] [CrossRef]

	



Pan, Y.L.; Dixon, Z.; Himburg, S.; Huffman, F. Asian students change their eating patterns after living in the United States. J. Am. Diet. Assoc. 1999, 99, 54–57. [Google Scholar] [CrossRef]








[image: Nutrients 12 03376 g001 550] 





Figure 1. Flow diagram showing the number of participants recruited, excluded and included in the study. Abbreviation: SSQ, scored salt questionnaire. 
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Figure 2. Graph showing the correlation between the SSQ score and log mean 24-h urine sodium showing the line of fit (solid line) (r = 0.29; p = 0.01) and confidence curves for the fitted line (dotted line and shaded area). Green dots represent participants with 24-h urine Na ≥ 100 mmol/day and blue dots with Na < 100 mmol/day. 
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Figure 3. Performance of the SSQ score to predict 24-h urine sodium excretion ≥ 100 mmol/day using receiving operating characteristic (ROC) analysis. Panel (A) shows ROC curve with the SSQ score alone (AUC 0.79, p < 0.01) and Panel (B) shows the ROC curve for BMI alone (AUC 0.75, p = 0.02). 
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Figure 4. Characteristics of sodium-rich food types in the study population according to absolute SSQ score values. Panel (A) shows the absolute scores for each sodium-rich food group for the total study population (n = 75) and Panel (B) shows the median percentage scores divided into groups that had SSQ score < 74 (green) (n = 34) and SSQ score ≥ 74 (red) (n = 41). * p < 0.05 compared to SSQ < 74. 
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Table 1. Clinical characteristics of the high and low sodium intake groups in the study population.
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	Parameter
	Total

n = 75
	24-h Urine Na

< 100 mmol/day

n = 10
	24-h Urine Na

≥ 100 mmol/day

n = 65
	p





	Age (years)
	44.6 ± 11.5
	40.2 ± 12.5
	45.3 ± 11.3
	0.19



	Gender (F:M) (%)
	53:47
	90:10
	48:52 *
	<0.01



	Height (m)
	1.71 ± 0.09
	1.65 ± 0.08
	1.72 ± 0.09 *
	0.04



	Weight (kg)
	76.1 ± 15.1
	64.1 ± 11.9
	78.0 ± 14.8 *
	<0.01



	BMI (kg/m2)
	25.9 ± 3.8
	23.5 ± 4.4
	26.3 ± 3.6 *
	0.03



	Systolic BP (mm Hg)
	133 ± 14
	125 ± 10
	134 ± 14 *
	0.04



	Diastolic BP (mm Hg)
	85 ± 11
	79 ± 8
	86 ± 11
	0.08



	Serum Cr (mmol/L)
	91 (70–123)
	77 (62–104)
	94 (70–126)
	0.12



	eGFR (mL/min/1.73m2)
	75 (53–105)
	85 (56–112)
	73 (52–104)
	0.39



	24-h urine Na (mmol/day)
	132 (112–172)
	73 (69–91)
	142 (123–180) *
	<0.01







Abbreviations: Na, sodium; BMI, body mass index; BP, blood pressure; Cr, creatinine; eGFR, estimated glomerular filtration calculated using the Chronic Kidney Disease Epidemiology Collaboration equation. Data expressed as mean ± SD, with exception of serum Cr and eGFR, which are presented as median with interquartile range; * p < 0.05 compared to 24-h urine Na < 100 mmol/day.
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Table 2. Performance characteristics of the SSQ and the BMI in predicting high dietary salt intake, as determined by 24-h urine Na ≥ 100 mmol/day.
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	Parameter
	TP
	FP
	TN
	FN
	Sensitivity
	Specificity
	PPV
	NPV
	LR+
	LR−
	DOR
	A
	AUC
	p





	SSQ
	40
	1
	9
	25
	61.5%
	90.0%
	97.6%
	26.5%
	6.15
	0.43
	14.40
	65.3
	0.79
	<0.01



	BMI
	46
	2
	8
	19
	70.8%
	80.0%
	95.8%
	29.6%
	3.54
	0.37
	9.68
	72.0
	0.75
	0.02



	SSQ in BMI < 25 Group (n = 29)
	12
	1
	7
	9
	57.0%
	87.5%
	92.3%
	43.8%
	2.87
	0.20
	14.52
	65.5
	0.72
	0.13



	SSQ in BMI ≥ 25 Group (n = 46)
	44
	0
	2
	0
	100%
	100%
	100%
	100%
	-
	0.00
	-
	100%
	1.00
	< 0.01







Abbreviations: TP, true positive; FP, false positive; TN, true negative; FN, false negative; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio; DOR, diagnostic odds ratio; A, accuracy; AUC, area under curve.
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