Accepted manuscript

Association between plant-based diet quality and chronic kidney disease in Australian
adults

Jordan Stanford™®*, Anita Stefoska-Needham®? Kelly Lambert*?, Marijka J Batterham®?,
Karen Charlton'?

"Nutrition and Dietetics Department, School of Medical, Indigenous and Health Sciences,
University of Wollongong NSW Australia, 2522

?|llawarra Health and Medical Research Institute, Wollongong, NSW 2522, Australia
*Director of the National Institute for Applied Statistics Research Australia and the Statistical
Consulting Centre, School of Mathematics and Applied Statistics, University of Wollongong,
Wollongong, NSW 2522, Australia.

*Corresponding author: Dr Jordan Stanford, Email: Jordan.stanford@newcastle.edu.au,

Phone: +61 (2) 4055 0724, Address: Room ATC-205, Level 2, ATC Building, University
Drive, Callaghan, NSW, Australia 2308

Shortened version of the title: Plant-based diets and CKD

_ The
=~ Nutrition
/ Society

This is an Accepted Manuscript for Public Health Nutrition. This peer-reviewed article has been
accepted for publication but not yet copyedited or typeset, and so may be subject to change
during the production process. The article is considered published and may be cited using its
DOI 10.1017/S1368980024001095

Public Health Nutrition is published by Cambridge University Press on behalf of The Nutrition
Society. This is an Open Access article, distributed under the terms of the Creative Commons
Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted

re-use, distribution and reproduction, provided the original article is properly cited.

https://doi.org/10.1017/51368980024001095 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980024001095

Accepted manuscript

ABSTRACT

Objective: To examine associations between three different plant-based diet quality indices,
CKD prevalence and related risk factors in a nationally representative sample of the

Australian population.

Design: Cross-sectional analysis. Three plant-based diet scores were calculated using data
from two 24-h recalls: an overall plant-based diet index (PDI), a healthy PDI (hPDI), and an
unhealthy PDI (uPDI). Consumption of plant and animal ingredients from ‘core’ and
‘discretionary’ products was also differentiated. Associations between the three PDI scores
and CKD prevalence, body mass index (BMI), waist circumference (WC), blood pressure
(BP) measures, blood cholesterol, Apolipoprotein B, fasting triglyceride (TAG), blood

glucose levels (BGL), and haemoglobin Alc were examined.
Setting: Australian Health Survey 2011-2013.
Participants: n=2060 adults aged > 18 years (males: n=928; females: n=1,132).

Results: A higher uPDI score was associated with a 3.7% higher odds of moderate-severe
CKD [odds ratio: 1.037 (1.0057-1.0697); p=0.021)]. A higher uPDI score was also associated
with increased TAG (p=0.032) and BGL (p<0.001), but lower total- and LDL-cholesterol
(p=0.035 and p=0.009, respectively). In contrast, a higher overall PDI score was inversely
associated with WC (p<0.001) and systolic BP (p=0.044), while higher scores for both the
overall PDI and hPDI was inversely associated with BMI (p<0.001 and p=0.019,

respectively).

Conclusions: A higher uPDI score reflecting greater intakes of refined grains, salty plant-
based foods and added sugars were associated with increased CKD prevalence, TAG and
BGL. In the Australian population, attention to diet quality remains paramount, even in those

with higher intakes of plant foods, and who wish to reduce the risk of CKD.

Keywords: Plant-based diets, Dietary patterns, Dietary intake, 24-h recall, Chronic Kidney
Disease, NNPAS 2011-13, Australia Health Survey
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MAIN TEXT

Introduction

Chronic kidney disease (CKD) is a growing burden to global health that affects 10-13% of
adults globally @ In Australia, one in ten (approximately 1.7 million) adults over the age of
18 years have indicators of CKD ““. This burden of CKD is driven by conditions such as
diabetes, high blood pressure (BP), high blood cholesterol, and obesity ¢ . Diet can help
manage and reduce the risk of developing CKD and related conditions ©. For example, plant-
based diets have been associated with many relevant health benefits, including improved
weight maintenance, insulin sensitivity, and reduced blood pressure and cholesterol
concentrations 9. The protective effects of these diets are likely attributed to the
synergistic effects of multiple nutrients provided by increased intakes of fruit and vegetables,
legumes, whole grains, nuts, and seeds, which are often lower in added sugars, salt, saturated
fats, red meats and food additives ™. Historically, international dietary guidelines for
managing CKD have focused on modifying the amount of nutrients consumed, which ignores
the complexity of diet and dietary behaviours. Without proper nutritional counselling, such
nutrient restrictions may result in a low intake of nutritious plant foods 2, limiting access to
health-protective food components like dietary fibre and phytochemicals found naturally only

in healthy plant foods.

Emerging observational evidence suggests a predominantly plant-based diet appears
beneficial for people with CKD “*®, but risks differ by quality of plant-based diets. Limited
research has specifically investigated this at the Australian population level. An analysis of
population survey data comparing the degree to which people follow different plant-based
diets and the association with CKD prevalence and health outcomes will provide further
evidence of the potential significance of plant-based diets for CKD management in Australia.
It will also allow insight into the current intake of the population, an essential consideration

for translating findings into achievable recommendations.

Given the multitude of combinations of foods that can make up a plant-based diet, a series of
different plant-based diet indices have been developed to differentiate between healthy and
less healthy plant foods " *®. However, most of these current indices are only compatible
with FFQ data, which often rely on estimations primarily derived from foods sourced entirely
or predominantly from plants or animals. Such estimations overlook the inclusion of plant
and animal ingredients in multi-ingredient foods and mixed dishes, and disregard the context

in which these ingredients are consumed. Recent research that has led to the development of a
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new food composition database *® identified large variability in the distribution of plant and
animal ingredients across several food categories, including discretionary and core foods
within the Australian food supply ®®. For example, although fruits, nuts and seeds are
considered core foods themselves, they were more commonly present as ingredients in less
healthy, discretionary products (such as cakes and confectionary) than in core foods 9.
Therefore, employing more accurate estimates and investigations that examine food sources
at an ingredient level can pinpoint where the majority of plant sources are consumed, be used
to provide more detailed information when elucidating the benefits of plant-based diets, and

may inform more targeted public health advice.

To address these gaps mentioned above, the present study aimed to evaluate the associations
between three different plant-based diet quality indices, CKD prevalence and related risk
factors, including anthropometric, biochemical, and clinical measures, in a nationally
representative Australian survey. The approach used to calculate plant-based diet quality
index scores addresses limitations in the current evidence base by providing estimations of
plant and animal content in the diet to the ingredient level. Moreover, it differentiates food

ingredients consumed in distinct contexts, such as vegetables in a salad or pizza toppings.
Methods
Study design and populations

The 2011-13 Australian Health Survey (AHS) is Australia’s most recent and comprehensive
nationally representative health survey, comprising three subcomponents. In addition to the
2011-2012 National Nutrition and Physical Activity Survey (NNPAS) and National Health
Survey (NHS), the AHS includes a third component, the National Health Measures Survey
(NHMS), which invited participants aged five and older from both the NNPAS and NHS
were invited to provide biological samples ®? (Figure 1). Over 9519 households across
Australia took part in the NNPAS, collecting nutrition and dietary intake information from
12,153 children and adults aged between 2 and 85 years using 24-hour (24-h) dietary recalls
@0 Of these individuals, 7,735 completed a second 24-h dietary recall (response rate:
63.6%). Of the 30,329 respondents from the NHS and NNPAS, 11,246 (response rate:
37.1%) participated in the NHMS to provide blood and urine samples to measure nutritional
status and chronic disease biomarkers ®%. Further details on the design and methodologies of

these surveys are published elsewhere ©2.
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The present study utilises data specifically from the NNPAS and the NHMS. For this
secondary analysis, data from individuals were excluded if they: (i) were less than 18 years
old, (i) only completed one 24-hour dietary recall, (ii) were suspected of underreporting
dietary intake based on implausible energy intakes (defined as an average daily energy intake
<800kcal per day for men and <500kcal for women) (254, 255) and (iv) missing data for any
covariate or variable of interest (Figure 1). The STROBE-Nut statement (Table S1,
Supplementary Materials) was used to facilitate comprehensive reporting of this study.

Dietary Intake Assessment

As part of the survey, dietary intake data were collected through two separate 24-hour recall
diet assessments using an adapted version of the Automated Multiple Pass Method, an
approach designed to maximise food recall and minimise memory bias @Y. The first 24-hour
recall was conducted face-to-face, while the second was collected at least eight days after the
first interview via telephone interview. The AHS survey user guide outlines additional details

about the approach used within the questionnaire 9.

Nutrient intakes were estimated from the reported intake data using the customised nutrient
composition database developed by Food Standards Australia New Zealand (FSANZ), the
AUSNUT 2011-2013 Food Nutrient Database ??. For this study, the protein-to-fibre ratio
was calculated by dividing the total dietary protein (g per day) by total dietary fibre (g per
day) ©®* 2. The potential renal acid load (PRAL) of the diet was determined by the
established formula ®: 0.49 x protein (g/day) + 0.037 x phosphate (mg/day) —0.021 x
potassium (mg/d) — 0.026 x magnesium (mg/d) — 0.013 x calcium (mg/d).

Plant-Based Dietary Indices

Modified versions of three published a priori plant-based diet quality scores by Satija et al.*”

were employed. The three scores included (i) an overall PDI, (ii) a hPDI, and (iii) an uPDI.

A recently developed Australian plant-based diet database ™ compatible with the eight-digit
codes of all the foods and beverages captured in the 2011-12 NNPAS was used to apply the
diet quality indices. The database classifies total plant and animal intakes from single-, multi-
ingredient foods and beverages and mixed dishes within the entire diet into 23 plant and
animal food groups for each participant. ‘Healthy plant’ food groups include whole grains,
fruits, vegetables, nuts and seeds, legumes, unsaturated plant oils/ spreads, and tea and coffee,

whereas ‘unhealthy plant’ foods include refined grains, fruit juices, saturated plant fats,
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sugars and syrups and miscellaneous plant products. ‘Animal’ food groups included animal
fats, low-fat dairy, moderate-fat dairy, high-fat dairy, eggs, fish and seafood, processed or
non-lean red meat and poultry, unprocessed, lean red meat and poultry and miscellaneous
animal-based food items"“?). Further details relating to the database are provided in Table S2
(Supplementary Materials). To take into account the context in which ingredients are
consumed, for example, whole fruit as a snack versus fruit incorporated into a dessert— we
employed a methodology similar to that described in detail elsewhere ™. An additional
scoring category was introduced to distinguish between the context in which plant or animal
ingredients are consumed, whether they originate from ‘core’ (grains and cereals, vegetables,
fruits, meat and alternatives, dairy and alternatives) or ‘discretionary’ (non-core) products or
mixed dishes, aligning with the Australian Dietary Guideline (ADG) definitions @9 For this
purpose, the Australian Health Survey: Users’ Guide, 2011-2013 — Discretionary Food

List® was used to classify foods and beverage items as core or discretionary.

Total intakes for each of the 23 food groups, according to core and discretionary products,
were then calculated for both 24-h recalls, and the average of the two days was taken for each
participant. In line with other studies using PDI scores”, we continued to use quintiles of
consumption. Total average intakes for each of the 23 food groups from core and
discretionary categories were then divided into quintiles of consumption, with each quintile
being assigned a score. The overall PDI ranks diets according to the amount of plant-to-
animal foods consumed, irrespective of the healthiness of the plant-based foods. When
applying the overall PDI, participants received a score of five for each plant food group they
consumed that equated to the highest quintile of consumption, a score of four for each plant
food group consumed within the second-highest quintile, and so on, with a score of one for
consumption below the lowest quintile (Table S2). In contrast, the other two indices consider
the healthiness of the plant foods consumed in addition to the quantity of intake. For instance,
the hPDI scores diets higher that consist of more healthy plant foods, particularly if provided
from the core foods group, whereas the uPDI allocates a higher score if diets contain more
unhealthy plant foods, especially from discretionary food sources. Using the hPDI as an
example, participants received a score of ten for each healthy plant food group consumed
from core foods and a positive score of five for each healthy plant food group consumed from
discretionary foods, if the participant was within the highest quintile of consumption. In
contrast, participants were assigned reverse scores for each unhealthy plant food group
consumed. Animal foods were assigned a reverse score for all three PDI scoring systems.
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Additional details regarding the scoring system for each index are provided in Table S2. To
obtain a final score for each diet quality index, the 23 food group scores were summed for
each survey participant. Theoretical scores for the overall PDI were 46 (lowest possible
score) and 230 (highest possible score), hPDI scores between 53 and 265, and uPDI scores
between 51 and 255.

Outcome measures

Trained and licensed phlebotomists collected urine and blood samples at pathology collection
clinics or during a home visit®. These samples were used to assess nutritional status and
chronic disease biomarkers, including kidney function and diabetes tests. CKD was defined
based on the participants’ estimated glomerular filtration rate (eGFR), together with their
urinary albumin creatinine ratio (ACR)®?. Individuals considered not to have CKD were
those with an eGFR greater than 60 mL/min and no albuminuria. CKD stages 1 and 2 are
diagnosed by the presence of albuminuria, regardless if their eGFR was greater than 60
mL/min. The remaining three stages (CKD stages 3, 4 and 5) are determined according to an
eGFR of less than 60 mL/min®®. For the present analysis, participants were classified as
having CKD if they had stage 1-5 indicators, while moderate-severe CKD was defined as
individuals with indicators of CKD stages 3 to 5. Additional biochemical outcomes of interest
included total blood cholesterol concentrations, HDL-cholesterol and LDL-cholesterol
(mmol/L), fasting triglycerides (TAG) (mmol/L), Apolipoprotein B (Apo B) (g/L), fasting
blood glucose (mmol/L), and haemoglobin Alc (HbAlc) (%). Results for LDL-cholesterol,
TAG, and plasma glucose were obtained from participants who had fasted for at least 8 hours
prior to providing a blood sample. Apo B, HbAlc, total cholesterol and HDL cholesterol

were measured in biological samples without the need for fasting.

As part of the initial AHS interviews, anthropometric measurements, such as waist
circumference (cm), weight (kg) and height (cm), were taken by trained personnel using tape

measures, digital scales and stadiometers, respectively®®

. BMI was calculated using
Quetelet’s metric (kg/m?). The main clinical parameter of interest in this study was blood
pressure. Systolic (SBP) and diastolic blood pressure (DBP) measurements were taken on the
left arm using an automated blood pressure monitor®®. A third measurement was taken in
cases where the systolic and diastolic pressures differed more than 10 mmHg. When only two
readings were needed, the second reading was used for systolic and diastolic pressure

measures. If a third reading was needed, the average of the second and third readings was

https://doi.org/10.1017/51368980024001095 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980024001095

Accepted manuscript

used. Additional details regarding the methodology used to collect anthropometric,

biochemical and clinical measures are described elsewhere®?.
Covariates

CKD risk factors © or variables known to influence outcome measures of interest were
important covariates included in our regression models. Socio-demographic and lifestyle
characteristics were collected via interviewer-administered questionnaires (244). Socio-
demographic characteristics included age, sex and education status, which were classified as
high (having a University qualification), medium (completed high school or completed some
high school and/or certificate/diploma) and low (completed some high school or less)®®. As
per the ABS classification, lifestyle characteristics included smoking status was categorised
as never smoked, ex-smoker or current smoker and physical activity level, which was
categorised as high, moderate, low and sedentary, determined by the intensity and duration of
the activity undertaken by the participant®”. Comorbidities defined based on certain clinical
and biochemical measurements (outlined in section 5.2.4) were also included. For example,
hypertension was classified as having blood pressure greater than or equal to 140/90

(20, 27)

mmHg . Diabetes risk was defined based on HbAlc, where an HbAlc <6% was

considered normal, 6-6.4% considered at risk of diabetes, and > 6.5% indicates diabetes®”.
Anthropometric measures such as body mass index (BMI) and dietary factors obtained from

24-h recalls, including total energy and alcohol intake, were also included as covariates.
Statistical analyses

To generalise the results to the Australian population at the time of the survey, we used the
complex survey design method, which incorporates sampling and replicate weights. Survey
weightings were calibrated against population benchmarks designed by the ABS to account
for bias associated with those volunteers who provided biological samples®®. All analyses
were conducted using Stata (StataCorp Stata Statistical Software, College Station TX:
Release 15, 2017).

Demographic characteristics were summarised according to quintiles of each PDI index
(overall PDI, hPDI and uPDI). The number of unweighted participants (n) in each quintile
varies since quintiles represent weighted distributions of participants. Continuous variables
were analysed using linear regression modelling, and adjusted means were calculated for
each PDI index. P-values were calculated for linear trends across groups. Categorical

variables were analysed through Pearson’s y2 with an overall significance determined as P
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<0.05, while a significant difference between the groups was determined at P <0.005 through

individual Pearson’s 2 analysis with a Bonferroni correction for multiple comparisons.

Logistic regression models were conducted to determine the associations between PDI scores
and biomarkers of CKD. Linear regression analyses were also conducted to determine the
associations for each PDI index with biochemical, anthropometric and clinical measures.
Normality and descriptive statistics of each outcome variable were assessed, as were the
normality of residuals, homoscedasticity and linearity for each regression analysis. The
natural log values for HDL-cholesterol, fasting TAG, fasting blood glucose concentrations,
HbAlc, SBP, WC and BMI were used due to non-normal distributions. Regression models
and confounding variables differed depending on the outcome variable of interest. For
example, the simple regression model adjusted for age, sex and energy intakes (kJ per day).
Multivariate models further adjusted for various socio-demographic characteristics (i.e.,
education status), dietary factors (i.e., alcohol intake), BMI, lifestyle factors (i.e., physical
activity and smoking status) and comorbidities (i.e., hypertension and diabetes). Except for
BMI and waist circumference, all other outcome analyses were adjusted for BMI. Table
footnotes provide specific information of the covariates used in each regression model.

Statistical significance was indicated as P <0.05.
Results

A total of 2,060 individuals were included in the present analysis (men: n= 928; women: n=
1,132) (Figure 1). Twelve per cent (n= 250) of these participants had CKD, of which 41.2%
(n=103) had moderate to severe CKD.

Respondent characteristics according to quintiles of each PDI index (overall PDI, hPDI and
uPDI) are shown in Table 1. Participants within the highest quintile of the overall PDI were
less likely to smoke than those in other quintiles (P<0.05). The hPDI was positively
associated with age (P<0.01), while university qualification differed between quintiles
(P=0.02). Compared to those in the lowest quintile, a higher proportion of individuals had
indicators of diabetes within the highest quintile (P<0.05). Finally, those with a greater uPDI

score were more likely to be younger (P<0.01) and smoke (P<0.01).

Energy intakes were reportedly higher for those with a greater overall PDI score (P<0.01)
and lower for the uPDI (P<0.01). Individuals with higher scores for both the PDI and hPDI
reported higher intakes of polyunsaturated fats, dietary fibre, magnesium, and potassium (all
P<0.01), while lower intakes of saturated fat (P<0.01), sodium (P<0.05), protein to fibre
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ratio and PRAL score (both P<0.01). Participants with greater scores for the uPDI reported
lower intakes of all nutrients presented in Table 1 (P<0.01). The uPDI also revealed a linear

trend towards a higher protein-to-fibre ratio in the diet.

For all respondents, a higher uPDI score was associated with 1.7% increased odds of CKD
and 3.5% higher odds of moderate-severe CKD. However, after correcting for socio-
demographic characteristics, BMI, dietary, lifestyle and comorbidities, only the odds ratio for
moderate-severe CKD remained statistically significant and increased to 3.7% [95% CI:
1.006-1.07] (Figure 2 and Table S3). No significant associations between higher PDI or hPDI
scores and CKD prevalence were observed.

Associations between the three PDI scores, anthropometric, biochemical and clinical
measures are summarised in Table 2. A greater overall PDI score was inversely associated
with waist circumference (P<0.001), whereas both the overall PDI and hPDI were inversely
associated with BMI (P<0.001 and P=0.0185, respectively). The overall PDI score was also
related to lower systolic and diastolic BP. Although, for diastolic BP, the statistical
significance was lost after adjusting for relevant socio-demographic characteristics and
lifestyle factors (P= 0.091). Interestingly, a higher uPDI score was inversely associated with
total blood cholesterol, LDL cholesterol, and HDL cholesterol concentrations. However, the
association for HDL cholesterol did not remain statistically significant after accounting for
socio-demographic and lifestyle factors. Finally, a higher uPDI was associated with increased
fasting TAG (P= 0.0323) and blood glucose concentrations (P<0.001), even after adjusting
for relevant socio-demographic characteristics, dietary and lifestyle factors.

Discussion

According to the findings of this study, a higher uPDI score was associated with 3.7% higher
odds of moderate to severe CKD, as well as increased fasting blood TAG and glucose
concentrations. A high uPDI score indicated a diet richer in refined grains, added sugars, and
salty plant food ingredients, mainly from discretionary foods, but lower in healthy plant and
animal food products. These results emphasise the importance of maintaining overall diet
quality, even in a context where higher amounts of plant-based foods are consumed. This is
particularly important considering the growing trend towards plant-based diets and
consumption of plant-based meat alternatives. Since moderate to severe stages of CKD may

require additional dietary modifications, such as changes to potassium, sodium, protein and
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phosphate intake, our results underscore the importance of obtaining dietetic advice on how

to maintain adequate diet quality.

Our findings are consistent with prior work reporting poorer health outcomes associated with
unhealthy plant-based diets™ 2% 29 Results of the USA Atherosclerosis Risk and
Communities Study that investigated 14,868 adults for 24 years found that a greater uPDI
score was associated with an increased risk of CKD ™). In another large study involving the
South Korean adult population, a higher uPDI score was associated with increased odds of
metabolic syndrome (MetS) and conditions such as hypertriacylglycerolaemia, high fasting

glucose and abdominal obesity

. The positive associations between the uPDI, CKD
prevalence, blood TAG and glucose concentrations found in our study might be explained by
mechanisms involving food components within this dietary pattern that elicit physiological
responses with chronic consumption ©%. Consistently higher intakes of poor quality, refined
or processed plant foods likely displace nutritionally superior foods in the diet, potentially
leading to the depletion of essential nutrients being consumed ©Y. This was validated in our
study population, where individuals who scored higher using the uPDI had significantly
lower intakes of several essential nutrients, including dietary fibre, magnesium, and
unsaturated fats. Substantial evidence has been documented linking these dietary components
with related conditions to CKD, including diabetes, dyslipidaemia and MetS. For example,
lower intakes of dietary fibre coupled with unsuitable fat composition provided by greater
consumption of less healthy plant foods have been suggested to contribute to dyslipidemia
@9 Excess intakes of plant food sources high in added sugar have also been known to
exacerbate insulin resistance, increasing the risk of hypertriglyceridaemia and abdominal

obesity ¢V

. On the other hand, low intakes of essential nutrients from health-promoting plant
foods, such as magnesium, have been identified as risk factors for chronic conditions ¢ 3%,
Magnesium, which is commonly found in green leafy vegetables, legumes, nuts and seeds,
serves as a crucial cofactor necessary for the movement of glucose into the cell and
carbohydrate metabolism ©®. Research has demonstrated that adequate magnesium intake

reduces the risk of T2DM and MetS by alleviating insulin resistance ©2.

The present study found no significant associations between the overall PDI, hPDI score and
CKD prevalence or severity. While this was unexpected, there are several plausible reasons
for this. Differences in dietary intakes that the overall PDI and hPDI can capture may be less
pronounced in the Australian population. For example, prior investigations using the same

study population found that less than 4% of adults met the minimum Australian Dietary
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Guidelines recommended number of serves of vegetables ®. Therefore, even with the
relative scoring approach employed, it may be possible that those with higher scores in this
particular sample population still might have had lower healthy plant intakes, making real
intakes not have been high enough to detect inverse associations between PDI, hPDI and
CKD. Another possibility suggested by this finding is that habitual diets of people already
diagnosed with moderate-severe CKD may be poorer, perhaps as a consequence of following
restricted nutrient-based advice for people with CKD. Finally, most studies that reported a
positive association between hPDI and CKD have been longitudinal © . Given that CKD
has a long lead-time in terms of development, we considered it worthwhile to investigate
dietary patterns in those with conditions at high risk of CKD or with early signs. Consistent
with prior findings, our results demonstrated significant inverse associations between BMI,
waist circumference and blood pressure measures with the overall PDI and the hPDI ©9.

This study builds upon prior research by comprehensively assessing plant-based diets by
considering total plant and animal intakes from single, multi-ingredient and mixed dishes.
Further strengthening the study design was the use of data from a nationally representative
sample, which maximises the generalisability of our findings, as were the rigorous
adjustments for potential confounders in the interpretation of data. A limitation of the 24-h
recall method is that it only offers a snapshot of dietary intakes, and may not fully reflect a
person’s usual eating habits. To obtain a more accurate representation of usual intake, it is
recommended to complete four to eight repeat 24-hour recalls®®, whereas the NPPAS survey
only uses two days®”. However, compared to previous studies based on one day of dietary
recall, the present analysis used two 24-h recalls offering an advantage to improve accuracy
and better account for such variation in intakes. The plant-based diet quality indices used in
this study are based on a sample-scoring method. This means that the scores are calculated
based on the diets of participants included in each study, and may not be comparable across
different studies. However, the indices allow us to examine the differences in proportions and
increments between the highest and lowest consumers in the sample. To make comparisons
easier, details of each quintile in each index are provided, including information on servings
of plant and animal foods, as well as nutrient information. Finally, the cross-sectional design
of this study prohibits the interpretation of causation between plant-based diets, CKD risk and

related conditions and is considered a limitation.

According to this study, diets characterised by higher intakes of unhealthy plant foods such as

refined grains, salty plant products, and added sugars, especially those obtained from
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discretionary choices, are associated with increased prevalence of CKD and elevated fasting
blood TAG and glucose concentrations. In the Australian population, attention to diet quality
remains paramount, even in those with higher intakes of plant foods, and who wish to reduce
risk of CKD. Given the additional dietary modifications that may be indicated in moderate to
severe stages of CKD, it is crucial to prioritise overall diet quality thorough adequate dietary
assessment and counselling. This ensures that the translation of nutritional guidelines for
CKD avoids the erroneous exclusion of healthy plant foods and the substitution of less
healthy options. Expanding beyond considerations of human health, prior research
undertaken by our research team has has also demonstrated that the environmental impact of
the usual renal diet is high, and modifications to reduce this are possible and achievable 2.
Healthy plant-based diets with a low content of ultra-processed foods are not only healthy for
individuals with CKD, but they are also sustainable ©%.
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Figure 1. Eligible participants from the Australian Health Survey included in this secondary

analysis.
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Figure 2. Association between plant-based diet quality and CKD prevalence and severity in

Australian adults adjusted for age, sex, intake of energy, education, physical activity,

smoking status, diabetes, hypertension, BMI and intake of alcohol. N= 8,769,986

(unweighted n=2,060). Sampling and replicate weights used to generalise the results to the

Australian population at the time of the survey. Legend: ACR, Albumin-to-creatinine ratio;
CKD, Chronic kidney disease; PDI, Overall plant-based diet index; uPDI, Unhealthy plant-
based diet index; hPDI, Healthy plant-based diet index.
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Table 1 Characteristics of study participants according to overall PDI, healthy PDI and unhealthy PDI scores®

Overall PDI
Q1 Q2 03 Q4 Q5
n=2 043 842 n=1 589 789 n=1 921 915 n=1 794 994 n=1 419 445
(unweighted (unweighted (unweighted n=445) (unweighted (unweighted
n=459) n=379) n=449) n=328)
P-value
P-value ];(i)rnifican
Xxor% |SE Xxor% |SE Xor% |SE Xxor% |SE Xor% |SE for linear tg
trend® .
difference
c
Age (years)® 43347 [1.29 46.42" [1.33 48.24" [ 1.79 46.80" | 1.28 47.47" | 1.70 0.14 0.20
Female (%)° 55.44 " |3.33 53.96 * | 3.69 51.33" | 4.03 48.71" [3.71 47.85" | 4.05 - 0.59
University qualification | 33.55” | 3.47 26.20" [3.71 29.37" [3.99 32.17" [3.99 35.07" | 4.66 - 0.62
(%), High®
Current smoker (%)° 12.19” [ 2.04 12.79" [ 2.61 14.06 " |2.92 12.21" [2.98 2.52 1.08 - 0.09
Physical activity, High | 17.41" |2.67 13.68" |[2.90 17.08% | 3.74 14.18" |2.96 26.48" |3.84 - 0.41
(%)°
Met physical activity | 55.76" | 3.88 52.75" | 4.01 57.23" [3.85 54.60" |4.36 61.43" |[3.95 - 0.67
guidelines (%)%°
Diabetes (%)° 3.19% [0.79 462" [1.13 497" [1.08 465" [1.16 734" 1091 - 0.50
Hypertension (%)° 19.65" |2.95 19.51" |3.04 17.18" |2.74 19.72" | 2.80 15.74" |2.82 - 0.82
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Alcohol (g/day)®' 14.62" | 1.49 15.53" | 1.80 12.28" |1.41 12.00" |[1.26 10.28" |[2.02 0.06 0.29
Energy (kJ/day/kg)®" 115.99” | 4.01 116.98" | 4.08 121.00" | 4.73 123.65” | 3.70 144,95 |6.12 <0.01 <0.01
Protein (g/day/kg)®' 1.28% |0.04 1.30" |0.04 1.23% |0.04 1.24% ]0.03 1.24% 10.04 0.24 0.60
Total fat (g/day)®’ 80.26° | 1.42 74.23" [ 1.33 76.15°° | 1.82 74.15" | 1.65 77.307° | 2.67 0.35 0.02
Saturated fat (g/day)®’ 3247 |0.64 28.66" |0.61 28.05" |0.80 26.78" [ 0.72 25.75" 10.94 <0.01 <0.01
Monounsaturated  fats | 29.64” | 0.65 28.21" |0.59 29.47% 10.90 28.38" [0.75 30.50" |1.31 0.53 0.24
(g/day)*’

Polyunsaturated fats | 11.37" [ 0.36 10.89” |0.42 12.16"° | 0.35 12.43"" [ 0.43 14.32°% [0.76 <0.01 <0.01
(g/day)™

Dietary fibre (g/day)®’ 19.96 |0.43 22.51" ]0.66 24.73"% [ 0.69 26.52° |[0.52 31.39 [0.78 <0.01 <0.01
Sodium (mg/day)®’ 2558.20 | 57.46 | 234579 | 62.98 | 252096 | 102.84 |2330.15 |70.83 | 2331.34 | 57.60 0.02 <0.05
Potassium 095" ]0.03 1.0475¢ 1 0.04 1.04”® 0.03 1.09%¢ [0.02 1.19° |0.04 <0.01 <0.01
(mmol/day/kg)®

Magnesium (mg/day)®" | 341.58" | 8.68 355.18 |9.38 366.29 |10.08 376.41° | 7.96 43423 |1574 |<0.01 <0.01
Calcium (mg/day)®’ 905.04" | 29.74 943.00” | 47.78 | 902.33” | 40.87 | 891.58" | 28.78 903.65” | 33.06 0.58 0.92
Phosphorous (mg/day)®’ 1580.73 | 33.42 154149 |45.16 | 1517.30 |41.33 [1477.92 [2061 154379 | 4308 0.26 0.12
Protein: fibre ratio®"’ 5.36 0.15 469° ]0.14 416"° [0.16 3.66" [0.10 3.09 0.10 <0.01 <0.01
PRAL® 2598 | 1.36 19.13% [1.35 16.20”° | 1.93 12.45% [1.30 7.95% [1.95 <0.01 <0.01

Healthy PDI
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Q1 Q2 o Q4 Q5
n=1 840 744 n=1 766 008 n=1 897 609 n=1 640 102 n=1 625523
(unweighted (unweighted . _ (unweighted (unweighted
n=372) n=406) (unweighted n=436) - _y2g) n=418)
P-value
for
P-value significan
xor% |SE xor% |SE xor% |SE xor% |SE xor% |SE forlineartg
trend* .
difference
c
Age (years)® 3845 [1.33 46.71" | 1.57 46.21" |1.66 48.05" |1.48 53.34" | 1.52 <0.01 <0.01
Female (%)° 47.56" |3.75 56.04” |3.61 46.80" | 4.02 50.50" | 4.46 58.42" |3.72 - 0.20
University qualification | 38.06" | 3.39 22.01°% [2.85 26.397° | 3.72 32.12 % | 3.90 38.43% | 431 - 0.02
(%), High®
Current smoker (%)° 11.06" |2.90 13.53" [ 2.52 10.25" | 2.28 11.25" [3.41 9.60" |2.38 - 0.96
Physical activity, High | 16.33" |3.43 13.08" |2.82 18.01" |4.13 19.49” |3.69 20.84" |3.46 - 0.82
(%)°
Met physical activity | 53.87" |4.23 52.79” | 4.38 54.85% |5.02 58.217 [3.11 62.18" |3.70 - 0.51
guidelines (%)%°
Diabetes (%)° 1.64" 056 463"° [1.59 489°° [1.12 468"° [1.30 8.63° [1.89 - 0.07
Hypertension (%)° 13.88" | 2.69 19.98* |2.84 18.67" |3.08 17.54% | 250 22.72" 325" |- 0.29
Alcohol (g/day)®' 11.07" |1.25 15.62" |1.83 13.23% | 1.69 13.44" |1.68 11.82" | 1.50 0.90 0.31
Energy (kJ/day/kg)®" 129.98° | 3.92 130.04 | 4.22 120.14 1 4.00 114.09” | 3.81 12258 | 6.27 0.06 0.03
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Protein (g/day/kg)®' 1.22% 10.05 1.27% ]0.05 1.26" |0.03 1.28% 10.04 1.27% [0.03 0.48 0.93
Total fat (g/day)®’ 76.68" | 1.80 7757" | 1.64 77.40" [1.93 73.85" | 151 76.96" | 2.51 0.62 0.28
Saturated fat (g/day)®' 31.84° |0.87 30.28° [0.71 29.09°¢ | 1.01 26.09”° | 0.65 24.84% 10.70 <0.01 <0.01
Monounsaturated  fats | 27.77" | 0.74 29.00" [0.75 29.69” |0.83 28.93" [0.75 30.86" |1.36 0.07 0.24
(g/day)™

Polyunsaturated fats | 10.51" | 0.42 11.647° | 0.44 11.93”% 1 0.39 12.36°° | 0.33 14.60° [0.76 <0.01 <0.01
(g/day)™

Dietary fibre (g/day)®’ 18.66 | 0.46 22.07 | 0.45 25.29" [ 0.77 26.34" | 0.67 31.84 [0.70 <0.01 <0.01
Sodium (mg/day)®’ 271096 |91.73 | 2474.80 | 5849 | 250331 [107.10 |2324.71 |69.43 | 208443 [5099 | <0.01 <0.01
Potassium _ 0.89” [0.03 1.03"% [0.04 1.07°% ]0.03 1.09% [0.03 1.21 0.04 <0.01 <0.01
(mmol/day/kg)®

Magnesium (mg/day)™ | 304.63 | 9.03 344.24% [ 7.07 37726 | 9.29 391.66° | 10.23 | 45024 |11.88 |<0.01 |<0.01

Calcium (mg/day)®’ 870.26" | 40.38 893.07"[37.81 [958.90” [43.80 |880.75" |32.92 936.90" | 28.18 0.26 0.47
Phosphorous (mg/day)™ 148751 | 4472 | 149248 |38.79 | 157344 [3994 153556 | 3451 | 1577.10 | 38.09 | 0.09 0.41
Protein: fibre ratio®"’ 5.34 0.18 455%  10.10 421"° [0.15 3.93% [0.18 3.10 0.11 <0.01 <0.01
PRAL® 2556 | 1.56 18.45" | 1.22 16.59” |1.78 15.31" | 1.58 7.41 2.11 <0.01 <0.01
Unhealthy PDI
Q1 Q2 Q3 Q4 Q5

n=1 840 744 n=1 766 008 n=1 897 609 n=1 640 102 n=1 625 523
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(unweighted (unweighted (unweighted n=404) (unweighted (unweighted
n=455) n=493) n=332) n=376)
P-value
for
Pvalue | onifican
xor% |SE xor% |SE xor% |SE xor% |SE xor% |SE for linear tg
trend* .
difference
C
Age (years)™ 47.93% | 157 47.89" [1.30 48.00" | 1.47 4537% [1.92 42.07% [ 152 0.01 0.06
Female (%)° 45.19% |3.91 50.14" [3.32 55.76 " | 3.90 55.20" | 3.88 52.90" | 4.45 - 0.36
University qualification | 36.01” | 3.31 33.90"° | 3.46 33.30"° | 4.17 24.17° | 4.39 27.54"° | 4.00 - 0.09
(%), High®
Current smoker (%)° 6.41% |1.60 9.24% [1.79 7.72% 193 14.46"° | 2.51 18.80° |[3.75 - <0.01
Physical activity, High |21.50" |3.58 14.63" |2.74 17.98" | 454 20.73" [3.67 13.21" [2.82 - 0.40
(%)°
Met physical activity | 64.32" |3.35 53.18" |4.23 55.34" | 4.42 56.95” | 4.85 51.66" | 4.29 - 0.26
guidelines (%)*¢
Diabetes (%)° 3.02% 087 445"  10.86 6.39”" | 161 6.12" |1.65 432" [1.27 - 0.82
Hypertension (%)° 23.64" | 4.15 15.56" | 2.06 18.38" | 2.37 17.87% |2.87 17.19% | 2.17 - 0.28
Alcohol (g/day)®' 15.08" | 2.09 10.69” |[1.15 13.14" | 1.45 12.45% | 1.61 14.13% [1.43 0.98 0.38
Energy (kJ/day/kg)®" 135.84° | 4.22 125.55° | 2.70 }\52.37 5.93 }\525'41 5.40 107.78" | 4.05 <0.01 <0.01
Protein (g/day/kg)®' 1.35% ]0.03 1.31%  |0.04 1.227% 10.04 1.26"® [0.05 1.13% |0.04 <0.01 <0.01
Total fat (g/day)®’ 84.60° |1.30 80.69° |1.97 78.55° | 2.18 70.79” [1.33 66.36" | 1.36 <0.01 <0.01
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Saturated fat (g/day)®' 31.18% [0.91 30.04¢ [0.82 28.785 1 0.80 26.84"° [ 0.60 25.38" [0.76 <0.01 <0.01

Monounsaturated  fats | 32.35% | 0.51 30.81°% [0.90 30.64% |1.13 26.60" |0.60 25.02" [0.62 <0.01 <0.01

(g/day)™!

Polyunsaturated fats | 13.69° | 0.47 12.79°¢ | 0.39 1252 | 0.69 11.26"° | 0.43 10.20" | 0.40 <0.01 <0.01
(g/day)d,l ABC

Dietary fibre (g/day)®' 27.04% |0.59 26.14% [0.77 25.49°° | 0.84 22.74"° 10.72 21.32" | 057 <0.01 <0.01
Sodium (mg/day)®" 2574.21 [ 7282 | 2581.08 [ 90.06 | 2364.89 | 6343 | 234913 6550 [223922 | 7173 [ <0.01 <0.01
Potassium _ 1.14% ]0.03 1.10% [0.03 1.07% |0.05 1.03* [0.03 0.91 0.02 <0.01 <0.01
(mmol/day/kg)®

Magnesium (mg/day)®" | 420.18° | 8.22 393.09° | 8.13 §\§4.2o 13.64 | 342.75" [ 9.36 308.78 |6.28 <0.01 <0.01

Calcium (mg/day)®' 999.80° | 32.07 98535 |34.79 |934.28 |4118 863.96" | 28.99 735.47 | 28.46 <0.01 <0.01

Phosphorous (mg/day)®’ ZCL705.58 32.26 %933.14 28.17 %323.93 34.46 %466.09 36.05 1302.36 | 28.30 <0.01 <0.01

Protein: fibre ratio®" 407% (012 428" 10.16 406" 015 4.43% 1020 4.49% 10.20 0.04 0.23

PRAL® 19.19” [ 1.53 17.38" [1.82 13.74" [ 1.63 17.66% | 1.71 16.49% | 1.49 0.31 0.12

PRAL, Potential Renal Acid Load.
4 N= 8,769,986 (unweighted n=2,060). Sampling and replicate weights were used to generalise the results to the Australian population at the

time of the survey.
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bCategories sharing capital letters within rows are not statistically significant from each other. Comparison of means were conducted through
pairwise comparison. All comparisons applied a Bonferroni correction for multiple comparisons such that a significant difference was observed
at P <0.005.

‘Bolded p-values denotes those that are statistically significant P<0.05

dReported as X (SEM)

® Reported as percentage (SE).

"Survey linear regression adjusted for sex.

9 Australian physical activity recommendation of 150 min of moderate exercise per week.

"Survey linear regression adjusted for age and sex.

' Survey linear regression adjusted for age, sex and energy intake (kJ/day).

JProtein: fibre ratio, total dietary protein (g per day) divided by total dietary fibre (g per day).
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Table 2 Associations between plant-based diet quality indices and anthropometric, biochemical and clinical risk factors in Australian adults®

Overall PDI score

Healthy PDI score

Unhealthy PDI score

Mod 95% Conf. | P- 95% Conf. | P- 95% Conf. | P-
Coef. b | Coef. b | Coef. b
el Interval value Interval value Interval value
Total Cholesterol 0.001 | - 0.002 | - 0.004 | -
(mmol/L) 1 7 0.0095 | 0.0061 | 0.6626 | O 0.0023 | 0.0062 | 0.3552 | 7 0.0100 | 0.0005 | 0.0772
0.000 | - 0.002 | - 0.005 | - -
3 5 0.0085 | 0.0076 | 0.9113 |3 0.0020 | 0.0066 | 0.2860 | 7 0.0109 | 0.0004 | 0.0349
LDL- Cholesterol 0.001 | - 0.001 | - 0.006 | - -
(mmol/L) 1 1 0.0075 | 0.0053 | 0.7385 | 6 0.0022 | 0.0054 | 0.3943 | 2 0.0113 | 0.0010 | 0.0198
0.000 | - 0.002 | - 0.007 | - -
3 3 0.0065 | 0.0070 | 0.9364 | O 0.0019 | 0.0059 | 0.3038 | 0 0.0122 | 0.0018 | 0.0089
HDL-Cholesterol 0.000 | - 0.000 | - 0.001 | - -
(mmol/L) 1 4 0.0021 | 0.0014 | 0.6827 | 3 0.0009 | 0.0015 | 0.6311 | 2 0.0024 | 0.0001 | 0.0367
0.001 | - 0.000 | - 0.001 | -
3 6 0.0034 | 0.0001 | 0.0628 | 2 0.0014 | 0.0009 | 0.6842 |1 0.0023 | 0.0002 | 0.0875
0.000 | - 0.000 | - 0.004
Fasting TAG (mmol/L) 1 5 0.0039 | 0.0029 | 0.7792 | 4 0.0028 | 0.0020 | 0.7431 | 2 0.0015 | 0.0069 | 0.0030
0.002 | - 0.000 | - 0.003
3 5 0.0007 | 0.0056 | 0.1268 | 9 0.0014 | 0.0031 | 0.4396 | 7 0.0011 | 0.0063 | 0.0062
0.113 | - - 0.033 | - 0.030 | -
Diastolic BP (mmHg) 1 1 0.1834 | 0.0428 | 0.0021 | 3 0.0924 | 0.0258 | 0.2643 | 6 0.0907 | 0.0295 | 0.3125
3 - - 0.0096 | 0.0908 | - - 0.0488 | 0.7912 | - - 0.0205 | 0.2190
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0.058

0.1274

0.007
5

0.0638

0.033

0.0876

Systolic BP (mmHg)

0.001

0.0020

0.0005

0.0026

0.000
4

0.0011

0.0002

0.1654

0.000

0.0012

0.0004

0.3624

0.000

0.0016

0.0001

0.0293

0.000
3

0.0009

0.0003

0.3607

0.000

0.0012

0.0003

0.2377

Apo B (g/L)

0.000

0.0020

0.0023

0.8738

0.000
7

0.0007

0.0021

0.3070

0.000

0.0020

0.0012

0.6387

0.001

0.0010

0.0034

0.2817

0.001
1

0.0003

0.0025

0.1213

0.000

0.0024

0.0008

0.3346

Fasting Blood Glucose
(mmol/L)

0.000

0.0007

0.0006

0.8006

0.000
4

0.0008

0.0000

0.0356

0.000

0.0003

0.0014

0.0023

0.000

0.0001

0.0012

0.1228

0.000
2

0.0006

0.0002

0.3820

0.000

0.0003

0.0013

0.0014

0.000

0.0002

0.0012

0.1392

0.000
2

0.0006

0.0003

0.4532

0.000

0.0004

0.0014

0.0003

HbALc (%)

0.000

0.0004

0.0007

0.6081

0.000
0

0.0004

0.0004

0.9540

0.000

0.0000

0.0008

0.0333

0.000

0.0001

0.0011

0.1111

0.000
1

0.0003

0.0005

0.5080

0.000

0.0001

0.0008

0.1155

0.000

0.0001

0.0011

0.1381

0.000
1

0.0003

0.0005

0.5054

0.000

0.0001

0.0008

0.1148

Waist Circumference (cm)

0.001

0.0025

0.0008

0.0002

0.000
6

0.0013

0.0000

0.0568

0.000

0.0014

0.0005

0.3331
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0.001 |- - 0.000 |- 0.000 |-
2 5 0.0023 | 0.0007 | 0.0006 |4 0.0011 | 0.0002 | 0.2077 | 6 0.0016 | 0.0003 | 0.1827
0.001 |- - 0.000 | - 0.000 | -
4 5 0.0024 | 0.0006 | 0.0009 | 4 0.0010 | 0.0002 | 0.2076 | 6 0.0016 | 0.0003 | 0.1622
0.003 | - - <0.000 | 0.001 | - - 0.000 |-
BMI (kg/m2) 1 0 0.0042 | 0.0019 | 1 2 0.0021 | 0.0003 | 0.0096 |2 0.0014 | 0.0010 | 0.7330
0.002 | - - <0.000 | 0.001 | - - 0.000 |-
2 9 0.0041 | 0.0018 | 1 0 0.0019 | 0.0001 | 0.0313 | 3 0.0016 | 0.0009 | 0.5921
0.002 | - - <0.000 | 0.001 | - - 0.000 | -
4 9 0.0041 | 0.0017 | 1 1 0.0020 | 0.0002 | 0.0185 | 5 0.0016 | 0.0007 | 0.4221

Apo, Apolipoprotein; BMI, Body mass index; BP, Blood pressure; HbAlc, haemoglobin Alc; HDL, High-density lipoprotein; LDL, Low-density

lipoprotein; TAG, Fasting triglyceride.

®N=8,769,986 (unweighted n= 2,060). Ssampling and replicate weights used to generalise the results to the Australian population at the time of

the survey

® Bolded p-values denotes those that are statistically significant P<0.05

Model 1- Survey linear regression adjusting for age and sex

Model 2- Survey linear regression adjusting for age, sex, education, physical activity and smoking status.

Model 3- Survey linear regression adjusting for age, sex, education, physical activity, smoking status and BMI.

Model 4- Survey linear regression adjusting for age, sex, education, physical activity, smoking status, intakes of energy and alcohol.

Model 5- Survey linear regression adjusting for age, sex, education, physical activity, smoking status, BMI, intakes of energy and alcohol.
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