Long-term dietary acid load is associated with depression in multiple sclerosis, but less

evidence for fatigue and anxiety.
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Abstract

Background: Diet-dependent acid-base load has been associated with worsening in mental
health, but to date no study has examined this in people with multiple sclerosis (PwMS). We
examined the association between potential renal acid load (PRAL) and net endogenous acid

production (NEAP) scores and depression, anxiety, and fatigue in PwMS.

Methods: Participants with a first clinical diagnosis of CNS demyelination were followed
prospectively as part of the AusLong Study (aged 18-59 years at cohort entry). At baseline, 5-
and 10-year reviews, PRAL and NEAP scores were calculated using dietary intake in the
preceding 12 months calculated from a food frequency questionnaire. At 5- and 10-year
reviews, the Hospital Anxiety and Depression Scale was used to assess depression and
anxiety, and the Fatigue Severity Scale assessed fatigue.

Results: Higher PRAL and NEAP scores were associated with increased subsequent absolute
value and change in HADS depression scores over five years’ follow-up (e.g., highest vs
lowest PRAL quartile, 5-year change in HADS-D score: f/=+3.01, 95%CI= 1.54, 4.48,
p<0.001). The level of depression at the 10-year review was determined by both the baseline
dietary acid scores and baseline-5-year changes in dietary acid scores (e.g., PRAL change
from baseline to 5-year review, 10-year review HADS-D score:=+0.09, 95%CI= 0.03, 0.15,
p<0.001). Some associations were observed with anxiety and fatigue, but were weaker and

less consistent.

Conclusion: Our findings indicate that a higher dietary acid load potentially has a long-term
influence on the level of depression in PwWMS. The evidence is less convincing for anxiety

and fatigue.



Introduction

Multiple sclerosis (MS) is an autoimmune neurodegenerative disease of the central nervous
system. The prevalence of depression (19% [1]), anxiety (45% [1]), and fatigue (53-90%[2])
in MS is higher than that seen in people who are not diagnosed with MS (depression 8%,
anxiety 11%) [3]. In addition, fatigue in MS is neuropathic and not merely secondary to
exertion as is common to some chronic conditions, and therefore not relieved by rest [4]. All
three (depression, anxiety, and fatigue) severely impact the quality of life of people living with

MS [5].

While many people with MS modify their eating habits, at present, there is insufficient
evidence to support specific dietary interventions that benefit those with MS. Trials often have
issues with the design or implementation or are too heterogeneous to compare [6]. The use of
composite diet scores, such as a dietary acid load, is an alternative method of examining diet

data in MS.

Diet scoring indices have been created to measure dietary acid loads, for example the potential
renal acid load (PRAL), the net endogenous acid production (NEAP) and a ratio of animal
protein to potassium (A:P) [7, 8]. PRAL is a measure of dietary induced acidity (foods that
release acid precursors post metabolism) or alkalinity (foods that release precursors of bases)
of the bloodstream. It is based on five nutrients (protein, phosphorus, potassium, magnesium,
and calcium) [9]. NEAP uses two nutrients, protein and potassium, which has also been shown

to be representative of dietary induced acidity/alkalinity [9].

There is evidence that a higher dietary acid load is associated with the risk of depression and
anxiety in the general population (children, adolescents, and adults [10-12]), as well as in
females with diabetes [13] and breast cancer survivors [14]. For example, a study (n=4,378) in

healthy Iranian adults found that a higher dietary acid load, as measured by the A:P ratio, was



associated with an increased risk of depression (highest vs lowest quartile: ORa.=1.57;
95%CI=1.27-1.95, Pend<0.001 and anxiety (highest vs lowest quartile: ORa.p=1.92; 95%
CI=1.35-2.74, P4ena<0.001) [11]. Another Iranian study in healthy adult women (n=477) found
that higher PRAL and NEAP were associated with increased depression (highest vs lowest
tertile: ORpraL: 3.63; 95% CI:1.97, 6.71; Pena=0.0001, ORNgaP:3.42; 95 %CI: 1.87, 6.23;
Ptend=0.0001) and anxiety (highest vs lowest tertile: ORprar: 3.31; 95 %CI: 1.81, 6.06;
Ptrend=0.0001, ORNgap:3.47; 95 %CI: 1.90, 6.33; Pueng=0.0001) [12]. Both cross-sectional
studies could not assess the associations prospectively and thus the findings could be due to
reverse causality. A prospective study, however, conducted in children and adolescents, found
that children with a higher PRAL at baseline had a worsening mental health after 10 years with
subsequently more emotional problems (OR=1.33 (95%CI=1.15-1.54); p<0.001) and
hyperactivity (1.22 (1.04- 1.43); p=0.014), while no associations were found with mental

health after 15 years [10].

While there is evidence for dietary acid load having an impact on mental health in the general
population and some disease populations, there are no studies in people with MS that have
examined associations between dietary acid load and depression, anxiety, and fatigue. We,
therefore, examined these relationships in a cohort of people with a first clinical diagnosis of
central nervous system (CNS) demyelination followed annually over 10 years, with the
hypothesis that higher dietary acid load scores (more acidic diet) are associated with higher

levels of depression, anxiety, and fatigue.

Methods

Ausimmune Longitudinal (AusLong) Study



Cases with a first clinical diagnosis of CNS demyelination (optic neuritis, transverse myelitis,
brainstem syndrome or other) were recruited into the Ausimmune Study (a multicentre, case-
control study) and then followed prospectively in the AusLong Study (aged 18-59 years at
cohort entry). The Ausimmune Study recruited 282 participants. At follow-up, three
participants were excluded because their initial event was due to a non MS condition. Of the
279 participants, 236 participated at the 5-year review and 225 at the 10-year review. We
included only those who had converted to MS (2005 McDonald criteria) [15] by the 10-year
review (n=190). Of those, data was available for n=179 (94.2%) on anxiety and depression,

n=180 for fatigue (94.7%), and n=184 for dietary measures (96.8%).

Ethical approval of the study was provided by the human research committees associated
with each of the participating centres in Tasmania, (Human Research Ethics Committee
Tasmania Network, ethics number: H0010499), Queensland (Royal Brisbane and Women’s
Hospital Ethics Committee, ethics number: HREC/09/QRBW/299 and the Griffith University
Human Research Ethics Committee, ethics number: MED/02/10/HREC), New South Wales
(Hunter New England Local Health District, ethics number: 09/04/15/5.04) and Victoria

(Barwon Health, ethics number: 09/24). All participants provided written informed consent.

Dietary acid load

A validated [16] semi-quantitative food frequency questionnaire, the Dietary Questionnaire for
Epidemiological Studies (DQES v2)[17], was used to assess habitual dietary intake over the

previous 12 months. The questionnaire was administered at baseline, 5- and 10-year reviews.

To assess dietary acid load, we derived two indices from the dietary intake data, the PRAL
and the NEAP. Both measures have been validated and have been shown to reflect a long-

term diet acid intake [18-20]. Higher values of the PRAL and NEAP reflect more acidic



dietary intake, whereas lower values indicate more alkaline dietary intake. The PRAL score
considers the average intestinal absorption rates for dietary proteins and minerals, ionic
dissociation, and sulphur metabolism, while the NEAP just considers protein and potassium.
The PRAL was calculated using the formula: PRAL (milliequivalent (mEq)/day) = (0.4888 x
total protein[g/day]) + (0.0366 x phosphorus[mg/day]) — (0.0205 x potassium[mg/day]) —

(0.0263 x magnesium[mg/day]) — (0.0125 x calcium[mg/day]).

The NEAP was calculated using the formula: NEAP (mEg/day) = (54.5 x protein[g/day]) /

(0.0366 x potassium[mEqg/day]) — 1.02 [21, 22].

To account for the participants reporting accuracy of their dietary intake, we estimated
dietary reporting based on the ratio of total energy intake (EI) to basal metabolic rate (BMR)
ratio (EI/BMR). BMR was calculated based on weight and age using the Harris and Benedict
[23] equations. Under-reporters were defined by Goldberg cut-off points using an EI/BMR
ratio less than 0.87; reliable reporters between 0.87-2.75, and over-reporters above 2.75[24].
Those with implausible energy intakes (>20,000 and <3,000 kJ/day) were excluded (n=2 at

the 5-year review and n=11 at the 10-year review).

Outcome measures

Depression and Anxiety

At the 5- and 10-year reviews, depressive and anxiety were assessed using the Hospital
Anxiety and Depression Scale (HADS-D and HADS-A, respectively), each comprising 7
items scored 0-3 and summed to establish total scores 0-21 [25]. The HADS has been

validated in people with MS [25].

Fatigue



Fatigue was assessed at the 5- and 10-year reviews using the Fatigue Severity Scale (FSS),
which was developed and validated for use in MS populations [26]. The FSS comprises of
nine Likert scale items, each scored 1-7 and the total score the average of these. Before
answering the FSS, participants were asked if they experienced any symptoms of fatigue

(yes/no). If no, they were given an FSS score of 0 (no fatigue).
Other factors

Face-to-face interviews with the study nurse at baseline, 5- and 10-year reviews recorded
participant demographic and clinical measurements, with height and weight used to calculate
body mass index (BMI, weight in kg/height in m?). Neurological reviews were also performed
at these time points by a study neurologist, including disability (Expanded Disability Status
Scale (EDSS)), [27] and relapses since previous face-to-face review. The latter were validated

by medical records.

Annual telephone reviews focused on changes in factors since the previous review including:
use of antidepressant and anxiolytic/sedative medications, medications used to treat fatigue,
whether employed (yes/no), whether they changed their diet or supplement use since last
review (yes/no), total number of days in the past 12 months doing any vigorous physical
activity of >10 minutes (modified version of International Physical Activity
Questionnaire)[28], median weekly income ($AUD), education status, smoking status, and
presence and severity of 16 stressful life events (modified version of Social Readjustment
Rating Scale,[29] scored as total number of events, number of positive events, and number of

negative events).

Statistical analysis

To examine the association of dietary acid load in the previous 12 months, we examined

whether dietary acid load at 5- and 10-year reviews was associated with HADS and FSS



outcomes at the 5- and 10-year reviews. To assess the longer-term prospective effects, we
examined whether dietary acid load at baseline and 5-year review were associated with anxiety
depression and fatigue measures five years later (5- and 10-year review, respectively). Both
analyses used transformed linear mixed-effects models for repeated measures, transformation
thetas derived by Box-Cox regression and clustering on the participant. However, all results
were then back transformed and presented on the original scale of the outcome variable at the

means of model covariates.

We also used linear regression to examine whether dietary acid load at the 5-year review was

associated with a subsequent change in outcomes (5-year to 10-year review).

To estimate the relative contributions of the current and past dietary measures on the outcomes
(depression/anxiety/fatigue) at 10-year review, the outcome values were regressed on
covariates for the current and all past values of the dietary measures. This approach allowed us
to make use of the baseline dietary measures. The estimated coefficients are reported as
numerically equivalent sums of coefficients or differences between coefficients to aid

interpretation of the results [30, 31].

We examined confounding using standard definitions of confounding [32][33]:[34]. We
adjusted for age, sex, total energy intake, and dietary reporting as a dichotomous term (under-
reporters/over-reporters versus reliable reporters) in all models to limit measurement bias. We

adjusted for BMI within the PRAL analyses as it satisfied all the rules of confounding.

We performed sensitivity analyses to determine whether there was an underlying effect of
chronic metabolic acidosis or alkalosis by excluding those with a history of diabetes (n=7). A
Spearman’s correlation coefficient was used to test the correlation between PRAL and

NEAP.

All analyses were completed using STATA/SE 16.1 (StataCorp LP, College Station, USA).



Results

Table 1 shows the demographic details of the assessed cohort. The PRAL ranged from -14.30
to 85.00 (mean: 20.09, SD: 14.92) and the NEAP ranged from 34.75 to 107.00 (mean: 66.29,

SD: 12.64) (Table 1). The correlation between PRAL and NEAP was 0.81.

Associations with depression

Dietary acid load in the previous 12 months was not associated with the level of depression

(Table 2).

When assessing the prospective effects, we observed a significant association between a
higher PRAL and NEAP score and a higher HADS-D score five years later when the PRAL
and NEAP scores were examined in the continuous form, but when assessed as categorical

variables it became clear that this was largely driven by the top quartiles of each (Table 2).

Clearer associations were demonstrated when examining change in levels of depression from
5 to 10 years, with a clear dose-response present and a significant test for trend (Table 3). For
example, those in the lowest PRAL quartile (PRAL between -41.85 to 10.80; the reference
category) had a mean decrease in HADS-D of -1.60, whilst those in the highest PRAL
quartile (PRAL of >26.24) had a mean relative change in the HADS-D of +3.01 compared to
those in the adjusted, lowest quartile, and thus an absolute change +1.41 (-1.60 + 3.01),
which means their level of depression worsened by 1.41 HADS D points compared to a 1.6

point improvement for those in the lowest quartile.

We examined the patterns of association between the dietary acid variables and level of
depression at thel0-year review. We found that a higher baseline PRAL and NEAP score was

associated with higher levels of depression at thel0-year review, with independent



associations observed for increases in PRAL and NEAP from baseline to 5-year review and

from S5-year to 10-year review (Table 4).

Associations with anxiety

No associations were seen between PRAL or NEAP scores and anxiety, either when
examined in the previous 12 months or prospectively, including both absolute anxiety and

change in anxiety over five years (Table 2-3).

When examining the patterns of association with the level of anxiety at 10-year review, we
found that higher baseline PRAL and NEAP score was associated with higher levels of
anxiety at the 10-year review, with independent associations similarly observed for increases

in PRAL and NEAP from baseline to 5-year review and from 5- to 10-year review (Table 4).

Associations with fatigue

Dietary acid load in the previous 12 months was not associated with levels of fatigue (p>0.09,

Table 2).

When assessing prospective associations, there was little evidence that PRAL or NEAP at
baseline and 5-year review was associated with higher levels of fatigue five years later (Table
2). However, there were dose-dependent associations between PRAL at the 5-year review and
change in levels of fatigue from 5 to 10 years, with a significant test for trend and the highest
quartile significantly associated (Table 3). Those in the lowest PRAL quartile (PRAL
between -41.85 to 10.80) had a mean increase in FSS of +0.31, while those in the highest
PRAL quartile (PRAL of >26.24) had a mean relative change in the FSS of +1.16 compared

to those in the adjusted lowest quartile, and thus an absolute change +1.47 (0.31 + 1.16),
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which means their FSS score worsened by 1.47 units. There was a significant association
between NEAP at the 5-year review and change in levels of fatigue from 5 to 10-years in the
continuous form, FSS increasing by 0.03 (p=0.03); however, no significant associations were

found when examining the categorical form.

We did not find any associations between baseline dietary acid load scores or changes in

dietary acid load (PRAL or NEAP) with fatigue at the 10-year review (Table 4).

Sensitivity analysis

To assess the possibility that a worsening in kidney function, which plays a major role in
acid-base balance, could have influenced our main findings, we limited to those without a

history of diabetes and found no change (data not shown).
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Discussion

In a prospective cohort of people with MS, we found that a higher dietary acid load was
associated with an increase in absolute value and change in depression levels over five years,
and that the level of depression at the 10-year review was determined by both the baseline
dietary acid scores as well as the changes in acid scores from baseline to 5-year and from 5-
to 10-year reviews. Some associations in the same direction were observed with anxiety and

fatigue but were less consistent.

When we assessed dietary acid load and subsequent 5-year change in depression, we found a
strong, positive association, such that those in the lowest, more alkaline PRAL quartile had a
mean absolute change in HADS-D of -1.60 points (reduction in depression), and those in the
highest, more acidic PRAL quartile had a mean relative change in HADS-D of +3.01 when
compared to those in the reference category. This is clinically meaningful when compared to
a previously described clinically meaningful difference of 1.7 points in HADS -D [35]. We
also found that a higher dietary acid load was associated with higher subsequent levels of
depression. When examining the level of depression at the 10-year review, we observed
independent associations for higher dietary acid load scores at baseline as well as a further
worsening in dietary acid load from baseline to 5-year and from 5- to 10-year, suggesting that
both baseline dietary acid load and change in dietary acid load are determining long-term
depression levels. The finding that our associations were stronger when depression was
assessed five years after the dietary acid load compared to when we examined acid load and
depression at the same time suggests that the effects of acid load occur over a longer
timeframe. If these associations are indeed causal, then interventions that reduce the dietary

acid load longer term may be effective in lowering depression levels in people with MS.
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For anxiety, we found no associations between dietary acid load and anxiety, neither when
examined in the previous 12 months nor prospectively, including both absolute anxiety and
change in anxiety over five years. However, when examining 10-year anxiety as an outcome
and modelling both baseline dietary acid load and change in dietary acid load, we found that
baseline dietary acid load as well as changes in dietary acid load were associated with 10-
year anxiety with effect sizes that were of a similar magnitude as seen for depression. It is

unclear why there is little alignment between the different types of analyses.

No other studies have examined these associations with depression or anxiety in MS;
however, two large cross-sectional studies in the general population (Iranian adults) found
that higher dietary acid loads were associated with a higher risk of depression and anxiety
[11, 12]. While those cross-sectional studies could not assess associations prospectively or
assess reverse causality, they also differ from our study in using a calculation for dietary acid

load that has fewer nutrients [11] and different assessment of depression and anxiety [11, 12].

In terms of the biological mechanisms that may underlie the observed associations, a dietary
intake rich in acidic foods (e.g. meat, fish, grains and cheese) and low in alkaline foods (e.g.
fruits, vegetables, milk, yogurt (less acid source of animal protein, textured soy protein) [36]
can increase the activity of glucocorticoids [37]. A recent study in mice showed that changes
in the gut microbiome led to an increased display of anxiety and depression symptoms
through the downstream pathway of the glucocorticoid receptor [38]. Dietary induced acid
load has also been positively associated with the future development of insulin resistance,
[39, 40] Insulin resistance is more prevalent among people with MS [41], has been associated
with a worsening in mental health in the general population [42] and can be induced in mice
by an excess of glucocorticoids [43]. Another potential mechanism is that dietary proteins
interact with certain genetic polymorphisms. For example, an interaction was found in those
who had a dietary intake that was high in meat and low in fat intake (high dietary acid load),
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and variation in the rs7041 polymorphism of the vitamin D-binding protein (VDBP) gene
(Pinteraction= 0.03). Carriers of the T allele who had a more acidic diet had a higher prevalence

of depression [44].

To our knowledge there are no studies in people with MS that have examined the association
between dietary acid load and fatigue. We found some evidence that longer-term dietary acid
load may be associated with a change in fatigue; however, effect sizes were modest, and they
appeared to be driven by the highest category only. There were no associations with actual
fatigue level, either when dietary acid loads were examined at the same time as the fatigue
level or when assessed prospectively. There also were no association when examining
baseline dietary acid load and changes in dietary acid load with the level of fatigue at the 10-
year review. Taken together, this does not provide convincing evidence that the dietary acid

load scores are meaningfully associated with fatigue in people with MS.

A strength of our study was the ability to assess a large variety of environmental factors as
potential confounders in this longitudinal study, allowing a robust assessment of the
independence of our associations. Further, this is a prospective study, allowing us to examine
associations with the correct temporality, and allowing us to examine different types of
models. However, we cannot totally rule out reverse causality. We used two measures of
dietary acid load, and we found that our findings were generally consistent, irrespective of
which acid load measure was used. While we do not have any measures of kidney function,
and participants could have used medications or supplements which may have played a role
in acid-base balance, we performed sensitivity analyses to determine whether there was an
underlying effect of chronic metabolic acidosis or alkalosis by excluding those with a history

of diabetes and found our results did not change, giving confidence to our findings.
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In conclusion, we found evidence that a higher dietary acid load may have a long-term effect
on increasing absolute level and change in depression scores. The evidence was less
convincing for anxiety and fatigue but in the same direction. If the associations observed with
depression are replicated and causal, then the longer-term consumption of more alkaline diets
or avoidance of acidic diets could be a potential point of intervention to improve depression

in people with MS.
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Table 1. Characteristics of the participants

5-year review

10-year review

n Mean (SD; Range) n Mean (SD; Range)
Age (years) 190 44.5(9.7;23.4 - 63.5) 190 48.7 (9.7, 27.9 - 68.2)
PRAL score* (mEq /day) 183 20.1 (14.9; -14.3 - 85.0) 175 19.27 (12.8; -21.7-61.4)
NEAP score* (mEq /day) 183 66.3 (12.6; 34.8 — 107.0) 175 65.38 (12.3; 26.6 — 104.1)
Days per week of vigorous physical activity in last 12 months 190 1.8 (2.0; 0.0 - 7.0) 190 1.7 (2.0, 0-7)
BMI (kg/m?) 190 274(5.9;17.5-46.2) 190 27.9(6.3;17.5-49.7)
Total energy intake (kJ/day), excluding those with implausible intakes 181 7087.9 (2562.5;3091.9 — 17115.4) 176 6570.8 (2228.6; 3032.3 — 15699.6)

n Median (IQR) n Median (IQR)
HADS Depression score* 179 4(6) 188 3(6)
HADS Anxiety score* 179 7(5) 188 6 (5.5)
FSS* 190 4.8(2.7) 189 4.8(2.8)

n/N n/N

Female sex 153/190
Diabetes (yes/no) 7/190
Disease modifying therapies (yes/no) 148/190 149/190

*HADS: Hospitality Anxiety and Depression Scale; FSS: Fatigue Severity Scale; BMI: Body Mass Index; PRAL: Potential Renal Acid Load; NEAP: Net Endogenous Acid

Production. FFQ: Food Frequency Questionnaire.
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Table 2: The association between absolute values of dietary acid load indices with depression, anxiety, and fatigue.

Depression Anxiety Fatigue
NS N0 B*(95%CI) p B*(95%CI) P NS N0 B*(95%CI)
Dietary acid load in the previous 12 months (5- and 10-year review) and outcomes at the same review (5- and 10-year review).
PRAL Score Continuous 175 175 -0.02 (-0.05 t0 0.01) 0.24 0.00 (-0.03 to 0.03) 0.92 180 175 -0.02 (-0.05 to 0.00) 0.09
form
PRAL Score Categorical
form
-41.85 to 10.80 45 42 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
47 49 -1.10 (-2.07 to -0.13) 0.03 -0.46 (-1.31 to 0.40) 0.29 45 42 -0.20 (-0.97 to 0.58) 0.62
10.81 to 17.44
37 44 -0.71 (-1.79 t0 0.38) 0.20 0.41 (-0.56 to 1.37) 0.41 49 48 -0.29 (-1.13 t0 0.56) 0.51
17.45 t0 26.24
2624 46 40 -1.11 (-2.39t0 0.18) 0.09 0.31 (-0.90 to 1.51) 0.62 39 44 -0.62 (-1.63 to 0.38) 0.22
>206.
Test for trend: 0.13 0.38 47 41 0.24
NEAP Score Continuous 175 175 -0.01 (-0.04 to 0.02) 0.48 0.02 (-0.01 to 0.04) 0.29 180 175 -0.01 (-0.04 t0 0.01) 0.31
form
NEAP Score Categorical
form
15.15 to 58.35 48 42 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
41 55 -0.54 (-1.46 t0 0.37) 0.24 0.27 (-0.58 to 1.12) 0.54 48 41 -0.04 (-0.78 t0 0.70) 0.91
58.36 to 64.82
39 41 -0.62 (-1.64 t0 0.41) 0.24 0.13 (-0.83 to 1.09) 0.79 43 55 -0.24 (-1.05 to 0.58) 0.57
64.83 to 73.63
47 37 -0.23 (-1.27t0 0.81) 0.67 0.68 (-0.30 to 1.65) 0.17 42 41 -0.12 (-0.94 to0 0.70) 0.77

>73.63
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Test for trend:

0.67

Dietary acid load (Baseline and 5-year review) and outcomes five years later (5- and 10-year review).

PRAL Score
Continuous form
PRAL Score
Categorical form
-41.85 to 10.80
10.81 to 17.44
17.45 to 26.24
>26.24
Test for trend:
NEAP Score
Continuous form
NEAP Score
Categorical form
15.15t0 58.35
58.36 to 64.82
64.83 to 73.63
>73.63

Test for trend:

112

23

31

29

29

112

25

18

44

25

179

44

49

39

47

179

47

43

42

47

0.04 (0.00 to 0.07)

0.00 (Ref)
-0.15 (-1.09 to 0.79)
-0.23 (-1.28 t0 0.81)

1.03 (-0.40 to 2.45)

0.04 (0.01 to 0.07)

0.00 (Ref)
-0.26 (-1.20 to 0.68)
0.14 (-0.79 to 1.07)

0.81 (-0.31 to 1.93)

0.05

0.75

0.66

0.16

0.34

0.01

0.58

0.77

0.16

0.15

-0.02 (-0.06 to 0.01)

0.00 (Ref)
-0.61(-1.71 to 0.50)
-0.82 (-2.04 to 0.40)

-0.60 (-2.08 to 0.88)

0.01 (-0.02 to 0.04)

0.00 (Ref)
-0.82 (-1.89 to 0.25)
0.20 (-0.87 to 1.27)

-0.21 (-1.38 to 0.95)

0.22

0.20

0.28

0.19

0.42

0.33

0.54

0.13

0.71

0.72

0.81

47

112

23

31

29

29

112

25

18

44

25

38

179

44

49

39

47

179

48

42

42

47

0.00 (-0.02 to 0.03)

0.00 (Ref)
-0.04 (-0.86 to 0.78)
-0.39 (-1.27 to 0.49)

-0.19 (-1.25 to 0.88)

-0.00 (-0.03 to 0.02)

0.00 (Ref)
-0.86 (-1.70 to -0.03)
-0.63 (-1.45 0 0.19)

-0.65 (-1.54 to0 0.25)

0.69

0.86

0.93

0.39

0.73

0.53

0.75

0.04

0.13

0.16

0.20

*PRAL models were adjusted for total energy intake, dietary reporting, age, BMI and sex. NEAP models were adjusted for total energy intake, dietary reporting, age, and sex (box-cox; back

transformed) linear mixed-effects models for repeated measures were used; results were then back-transformed and presented on their original scale at the mean of model covariates. N5 and N10

are the number of people in each category at the 5- and 10-year reviews, respectively. The same set of numbers applies to both depression and anxiety.
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Table 3: Dietary acid load and subsequent 5-year change in outcome: the association between the diet acid indices at the 5-year review and change in depression,
anxiety, fatigue from the S- and 10-year reviews.

Change in depression Change in anxiety Change in fatigue
N B*(95%CI) D B*(95%CI) D N B*(95%CI) D
PRAL Score 166 0.07 (0.03 to 0.11) <0.001 0.01 (-0.04 to 0.06) 0.74 172 0.04 (0.01 to 0.06) 0.01
Continuous form
PRAL Score
Categorical form
-41.85 to 10.80 42 -1.60 (-2.38 t0 0.81) (Ref)** -0.67 (-1.70 to 0.36) (Ref)** 41 0.31 (-0.87 to 0.24) (Ref)**
10.81 to 17.44 47 +1.51 (0.39 to 2.63) 0.01 +0.48 (-0.95t0 1.92)  0.51 49 +0.28 (-0.48 to 1.04) 0.47
17.45 to 26.24 35 +1.45 (0.17 to 2.73) 0.03 -0.34 (-1.99 to 1.31) 0.68 37 +0.50 (-0.37 to 1.36) 0.26
>26.24 42 +3.01 (1.54 to 4.48) <0.001 +0.07 (-1.82t0 1.97)  0.94 45 +1.16 (0.15 to 2.16) 0.02
Test for trend: <0.001 0.87 0.03
NEAP Score 166 0.07 (0.04 to 0.10) <0.001 0.02 (-0.02 to 0.06) 0.33 172 0.03 (0.00 to 0.05) 0.03
Continuous form
NEAP Score
Categorical form
15.15 to 58.35 46 -1.24 (-2.02 to -0.46) (Ref)** -0.54 (-1.52 t0 0.43) (Ref)** 46 -0.19 (-0.72 to 0.34) (Ref)**
58.36 to 64.82 41 +0.75 (-0.39 to 1.89) 0.20 -0.34 (-1.78 to 1.10) 0.64 42 -0.09 (-0.86 to 0.69) 0.83
64.83 to 73.63 36 +1.62 (0.44 to 2.80) 0.01 +1.16 (-0.34 t0 2.65)  0.13 39 +0.45 (-0.35 to 1.25) 0.26
>73.63 43 +2.06 (0.92 to 3.20) <0.001 +0.39 (-1.06 to 1.84)  0.59 45 +0.44 (-0.34 to 1.22) 0.27
Test for trend: <0.001 0.29 0.15

*PRAL models were adjusted for total energy intake, dietary reporting, age, BMI and sex. NEAP models were adjusted for total energy intake, dietary reporting, age, and sex.

**Results for categorical variables are presented as the mean absolute change (95% CI) of reference level of the predictor then mean change (95% CI) of other levels relative to
reference (box-cox; back transformed) linear regression models were used; results were then back-transformed and presented on their original scale at the mean of model
covariates.
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Table 4: Multivariable models of the association between the diet acid index variables and depression, anxiety, fatigue at the 10-year review.

Depression at 10-year review Anxiety at 10-year review Fatigue at 10-year review

N B*(95%CT) p B*(95%CI) p B*(95%CTI) p
PRAL Score Bascline 161 0.10 (0.05, 0.16) <0.001 0.11 (0.05, 0.17) <0.001 0.03 (-0.02, 0.07) 0.27
II)’RIAI: §core C_h“"ge from 0.09 (0.03, 0.15) <0.001 0.08 (0.01, 0.15) 0.02 0.02 (-0.03, 0.07) 0.49
FORAL Score Change from 5- to 0.09 (0.04, 0.14) <0.001 0.11 (0.05, 0.17) <0.001 0.03 (-0.02, 0.08) 0.17
year eview
NEAP Score Bascline 161 0.09 (0.03, 0.16) <0.001 0.11 (0.04, 0.17) <0.001 0.02 (-0.03, 0.07) 0.51
})\IEIA}: §core C_ha“ge from 0.07 (0.01, 0.14) 0.03 0.07 (0.00, 0.15) 0.04 -0.01 (-0.06, 0.05) 0.76
NEAP Score Change from 5- to 0.07 (0.02, 0.13) 0.01 0.10 (0.04, 0.16) <0.001 0.02 (-0.03, 0.06) 0.48

10-year review

*PRAL and NEAP models were adjusted for total energy intake, dietary reporting, age, and sex.
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