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Abstract: This study aimed to identify sociodemographic and health indicators of diet quality in pre-frail
community-dwelling older adults. Pre-frail older adults are those at risk of progression to clinical
manifestations of frailty and are targets for preventative intervention. We previously reported that pre-frail
older adults have reasonably good overall diet quality. However, further analyses found low intake of energy,
protein and several micronutrients. Methods: We collected detailed dietary intake from pre-frail (FRAIL scale
1-2) older adults using NZ Intake24, an online version of 24-hour multiple pass dietary recall. Diet quality was
ascertained with the Diet Quality Index-International (DQI-I). We used regression Generalised Linear Models
to determine predictors of diet quality and Classification and Regression Tree (CART) analysis to examine the
complex relationships of predictors and identified profiles of sub-groups of older adults that predict diet
quality. Results. The median age in this sample (n=468) was 80.0 years (77.0-84.0). Living with others, high
deprivation index and a higher BMI were independent predictors of poorer diet quality. With CART analysis,
we found that those with a BMI >29 kg/m?, living with others and younger than 80 years were likely to have a
lower diet quality. Conclusions: We found BMI, living arrangement and socioeconomic status were
independent predictors of diet quality in pre-frail older adults, with BMI being the most important variable in
this sample when the interacting relationships of these variables were considered. Future research is needed to
determine the similarities and/or differences in the profile of subgroups of older adults with poorer diet quality.

Keywords: frailty; older adults; diet quality; sociodemographic; BMI

1. Introduction

Frailty is a condition of accumulated decline in physiological reserves resulting in weakened
homeostatic responses to stressors [1, 2]. The prevalence of physical frailty increases with age with
almost half of individuals aged over 50 years old classified as pre-frail and 12-24% as frail [3]. In a
New Zealand survey, Maori living in the community had a 10 to 15 years earlier onset of frailty
compared to non-Maori [4]. Older adults displaying features of frailty are vulnerable to poor health
outcomes like falls and prolonged hospital stays [1]. Pressure is put on the health sector to work
against this inequity and reduce the burden of frailty in the community, especially population groups
most at risk.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Poor nutrition can influence frailty indicators such as weight loss and exhaustion [1]. A
systematic review and meta-analysis of 10 studies (n = 5447 community-dwelling older adults, mean
age 77 years) found that one of four malnourished older adults were pre-frail and two of three were
frail [5]. Increasingly, studies have also found higher risks of frailty in older adults with obesity and
sarcopenic obesity (low muscle mass and function coupled with high fat mass) [6-9]. In the NHANES
study, pre-frail older adults had greater central adiposity than their robust counterparts [7]. These
findings suggest that even at early stages of frailty progression, or else termed "pre-frailty" [10], both
undernutrition and overnutrition may be key risk factors (amongst many others).

Diet quality is a measure of quality, quantity, and variety of the entire diet allowing examination
of the association between whole food and health status [11]. Many factors are associated with diet
quality in older adults. The complexity of each population group and determinants of diet quality
makes it challenging to single out individual factors as collectively, there are many factors involved
with varying interactions dependent of specific situations [12]. Sociodemographic and health
indicators are associated with diet quality in older adults [13-27]. In frail older adults, the higher
presence of mobility and functional limitations and poorer health status may impact access to healthy
food, predisposing them to risk of malnutrition [1, 5, 28].

We have previously described the diet quality of pre-frail older adults in New Zealand [29]. We
found that pre-frail older adults had nutritional gaps in energy and nutrient deficiencies and a
disproportionate consumption of empty calories. Dietary moderation and balance scores averaged
below 50% of the maximum score in the diet quality index—international (DQI-I) tool [29]. The
nutritional gaps call into question how clinicians and policymakers can influence diet quality in at-
risk groups for frailty prevention. This current paper aimed to identify the predictors of diet quality
in pre-frail community-dwelling older adults and identify mutually exclusive subgroups in the
sample who shared common characteristics that influence diet quality.

2. Materials and Methods

2.1. Study sample

Community-dwelling older adults aged 75+ (or 60 for Maori and Pacific people) were invited
through general practices across New Zealand to participate in the Staying UPright and Eating well
Research (SUPER) study. Those who were interested were screened for pre-frailty using the self-
administered FRAIL questionnaire. Those scoring 1 or 2 out of 5 in the tool (i.e., pre-frailty) were
recruited [30]. The lower threshold for Maori and Pacific people was implemented to reflect the
inequitable earlier occurrence of disability, poor health and mortality in these population groups
compared to the general population in New Zealand [31]. A total of 468 pre-frail older adults were
recruited. All study participants provided written informed consent.

The Southern Health and Disability Ethics Committee, Ministry of Health, New Zealand (Ref
14/STH/101/, 13 August 2014) approved this study.

2.2. Data Collection

Dietary intake was recorded on two separate days using a 24-hour multiple pass dietary recall
method (24h-MPR) through the online Intake24 platform developed by Newcastle University [32, 33].
The 24h-MPR has showed to be a feasible dietary assessment method to capture detailed dietary
intake in older adults. [34] We adapted the Intake24 online platform to be relevant to New Zealand
older adults' dietary intake based on the 24h-MPR paper-based version from more than 500
octogenarians. The backend of the Intake24 online platform was updated with the New Zealand
FOODfiles database from 2014 to 2016 [35], leading to 158 food codes being retired and 215 updated.
Meticulous data checking and coding were completed by qualified nutritionists ensuring the
database fit the purpose of the study. A workflow summary is presented in the supplementary
material (Figure S1).

Diet quality was ascertained using the Diet Quality Index-International (DQI-I) tool developed
by Kim et al., which measures intake according to four categories: variety (20 points), adequacy (40
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points), moderation (30 points) and balance (10 points) — that adds up to a maximum score of 100; a
higher score indicates a better diet quality [36]. The DQI-I is validated for international comparisons
and has been previously utilised effectively in older population groups [29, 37]. Adaptations to the
DQI-I for our study was reported previously [29].

Sociodemographic and health information collected using a standardised questionnaire at home
interviews included: age, sex, ethnic group, education level, New Zealand Deprivation Index, living
arrangement, medical conditions, medications, supplements, alcohol, smoking, vision, hearing,
Nottingham Extended Activities of Daily Living (NEADL), Montreal Cognitive Assessment (MoCA),
and Geriatric Depression Scale (GDS), and short physical performance battery (SPPB) [30].

Anthropometric information was measured using a Tanita BC-545N scale and Stadiometer. BMI
was calculated as weight (kg)/ height (m?). Waist circumference was measured with a non-stretchable
tape taken at the natural narrowing midway between the last rib and the crest of the ilium.

Further data collection details are recorded in the study protocol [30].

2.3. Statistical tests

2.3.1. Descriptive data

Quantitative data are presented as median (interquartile range (IQR)) or mean (standard
deviation (SD)) depending on data distribution, and categorical data are presented as count
(percentage).

2.3.2. Regression and Tree Analysis

Univariate analysis was conducted between DQI-I scores, sociodemographic and health
variables using generalised linear models (GLM). All independent variables except BMI, waist
circumference, NEADL, and SPPB were categorical. Variables with a p-value less than 0.2 were
systematically included in the regression model by groups (i.e., sociodemographic, lifestyle, sensory,
body composition, physical function, and health status) to construct parsimonious models.
Multivariate analysis was conducted to determine the effect of sociodemographic and health
variables on diet quality. Further analyses were conducted on DQI-I subcomponents, i.e., diet variety,
adequacy, moderation, and overall balance.

Classification and Regression tree (CART) analysis is a machine learning technique that helps
make predictions by breaking down complex interactions of multiple variables to produce mutually
exclusive and exhaustive subgroups of population that share common characteristics that predict the
outcome of interest [38]. We used CART to identify mutually exclusive sub-groups within our sample
through partitioning groups based on the interaction between demographic and health
characteristics that best describe diet quality. The minimum number of cases for child nodes was set
to five (1% of the total sample) [38], and the maximum number of tree depths was 5. Cross-validation
was used to improve confidence in the final trees (k=10). Separate trees were created for low-energy
reporters (LER = total energy intake/basal metabolic rate < 0.92) and plausible reporters due to the
strong relationship between low-energy reporting and DQI-I [29]. We then compared the results
obtained from CART to the GLM regression models.

Statistical significance was set at p < 0.05. All statistical tests in this paper were conducted using
IBM SPSS Statistics for Macintosh, version 27 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Sample descriptives

Of the sample of 468 participants, three had missing dietary assessments due to technical
difficulties. Median age was 80.0 years (77.0-84.0), 59% were female and a majority were of European
descent (Error! Reference source not found.).
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Characteristics All (n = 465)
Age, n (% = 80 years) 242 (52)
Sex, n (% female) 275 (59.1)
Ethnic group 2, n (% European/ Pakeha) 421 (90.5)
Education level, n (%)

Primary 14 (3.0)

Secondary 256 (55.1)

Tertiary 195 (41.9)
Living arrangement, 1 (%)

Alone 204 (43.9)

With others 261 (56.1)
NZ Dep Index 2018, n (%)

Low, 1-4 174 (37.4)

Medium, 5 -7 159 (34.2)

High, 8 — 10 132 (28.4)
Medical conditions, 1 (%)

0-1 112 (24.1)

>2 353 (75.9)
Vision, n (% impaired) 32 (6.9)
Hearing, n (% impaired) 35 (7.5)

BMI (kg/m?) median (IQR)
Waist circumference (cm) median (IQR)
Male
Female
Medications, 1 (%)
1
22
Supplements, n (%)
0
21
Alcohol consumption, # (%)
Never
Occasional
Regular
Smoking, 1 (% smoker)
NEADL score, median (IQR)
SPPB score, median (IQR)
MoCA, median (IQR)
Cognitive impairment b, 1 (%)
Total DQI-I scores, median (IQR)
Variety, median (IQR)
Adequacy, median (IQR)
Moderation, median (IQR)
Balance, median (IQR)

28.3 (25.3 - 31.4)

102.5 (95.8 — 109.5)
93.8 (85.4 — 101.9)

46 (9.9)
419 (90.1)

261 (56.1)
204 (43.9)

111 (23.9)
187 (40.2)
167 (35.9)

5(1.1)

20 (18 - 21)
9 (8 - 10)

25 (23 - 27)
100 (21.5)

60 (11)
14 (5)
30 (7)
12 (6)

7(2)

Note: missing data for waist circumference (3), BMI (5), and MoCA (1). 2 Ethnicity: 39 Maori, 4 Pasifika, 2
Asians and 1 Syrian and South African respectively. ® MoCA score <22. BMI, body mass index; DQI-I, Diet
Quality Index-International; IQR, interquartile range; MoCA, Montreal Cognitive Assessment; NEADL,

Nottingham Extended Activities of Daily Living; NZ Dep Index, New Zealand Deprivation Index; SPPB, short

physical performance battery.
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3.2. Associations: Generalised Linear Models

3.2.1. Univariate analysis

In univariate analysis, living alone, low deprivation and lower BMI were significantly associated
with higher (better) overall DQI-I score (p< 0.05) (Table Al). More specifically, those living alone had
a higher score for moderation of food/nutrient intake that may require restriction, e.g., saturated fat
and sodium; lower BMI was associated with higher scores in variety and adequacy, and better
socioeconomic status was associated with higher adequacy scores.

Sensitivity analyses were completed for low-energy reporters (n=151, 32.5%, Table A2) and
plausible reporters (n=313, 67.5%, Table A3). Among plausible reporters, non-European participants
had a lower diet quality score than their European counterparts, attributable to a lower adequacy
score.

3.2.2. Multivariate analysis

Multivariate analyses show those living with others (p=0.042), lower socioeconomic status
(p=0.024), and a higher BMI p=0.026) were associated with poorer diet quality (lower DQI-I scores)
(Exror! Reference source not found.). Living with others and having a higher BMI were associated
with lower diet variety scores. Lower socioeconomic status and higher BMI were associated with
lower adequacy scores. It was interesting to observe that impaired cognitive function and regular
alcohol consumption were inversely associated with overall balance in dietary score (Error!
Reference source not found.).

Table 2. Multivariate regression against DQI-I score and subcomponents.

Demographic and health variables B 95% CI p-value
DQI-I total score
(Intercept) 52.36 42.28,62.43 <0.001
Age (<80 year; reference: 80+ years) -0.99 -2.55,0.57 0.213
NZ Dep Index (low; reference: high) 2.14 0.29,3.99 0.024
(Medium; reference: high) 1.49 -0.39, 3.37 0.121
Live alone (reference: with others) 1.60 0.06, 3.15 0.042
BM]I, kg/m? -0.17 -0.33,-0.02 0.026
Smoking (reference: smoker) 5.91 -1.22,13.03 0.104
NEADL 64.32 56.53, 73.20 0.164
Variety score
(Intercept) 11.174 7.52,14.82 <0.001
Deprivation (low; reference: high) 0.38 -0.37,1.14 0.320
(Medium; reference: high) 0.28 -0.49, 1.04 0.478
BMI, kg/m? -0.06 -0.12, 0.01 0.068
Alcohol consumption (never; reference: regular) -0.84 -1.65, -0.04 0.040
(Occasional; reference: regular) -0.23 -0.93, 0.47 0.526
Smoking (reference: smoker) 2.71 -0.20, 5.63 0.068
SPPB score 0.13 -0.02, 0.27 0.086
Adequacy score
(Intercept) 26.378 21.657, 31.099 <0.001
Deprivation (low; reference: high) 1.08 0.09, 2.07 0.033
(Medium; reference: high) 0.97 -0.04, 1.97 0.060
BMI, kg/m? -0.10 -0.181, -0.018 0.016
Smoking (non-smoker; reference: smoker) 3.92 0.08,7.75 0.045
Medications (1; reference: 2+) -1.54 -2.87,-0.20 0.025
NEADL 0.15 -0.03, 0.32 0.093

Moderation score
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Demographic and health variables B 95% CI p-value
(Intercept) 12.882 12.047, 13.716 <0.001
Age, (<80 years; reference: 80+ years) -0.65 -1.41,0.11 0.095
Sex (male; reference: female) -1.41 -2.18, -0.63 <0.001
Balance score
(Intercept) 4.39 3.96, 4.82 <0.001
Deprivation (low; reference: high) 0.28 -0.06, 0.62 0.104
(Medium; reference: high) 0.29 -0.05, 0.64 0.092
Supplement (no, reference: yes) 0.31 0.04, 0.59 0.023
Alcohol consumption (never; reference: regular) 0.38 0.02,0.73 0.039
(Occasional; reference: regular) 0.28 -0.02, 0.59 0.072
MoCA score (not impaired; reference: impaired) -0.49 -0.82, -0.16 0.003

Italicised p-values are significant at the 0.05 level. Note: BMI, body mass index; IQR, interquartile range;
MoCA, Montreal Cognitive Assessment; NEADL, Nottingham Extended Activities of Daily Living; NZ Dep
Index, New Zealand Deprivation Index; SPPB, short physical performance battery.

In sensitivity analyses completed among LER, we found no associations between demographic
and health variables with DQI-I. In further analyses, we observed various variables associated with
adequacy, moderation, and balance. Participants living in medium-deprived areas were associated
with higher adequacy than those living in highly deprived areas (p = 0.007); the difference was not
seen between low and high areas (p = 0.111) (Table S1). For plausible reporters, associations were
found for DQI-I and all subcomponents apart from variety. Participants of non-European ethnicity
were marginally associated with a lower DQI-I, which is linked to a lower adequacy score (p=0.003).
Smokers were associated with lower adequacy (p = 0.027) than non-smokers (Table 52).

3.3. Relationships between variables: Classification and Regression Tree (CART) analysis

We completed regression tree analysis to identify the profile of subgroups of older adults with
poorer diet quality. Four variables had twice the importance values in predicting diet quality: age,
BM]I, living arrangement and vision. These four variables contribute most to the model's accuracy.
However, in the decision tree model below, splitting the sample into mutually exclusive subgroups
(Figure 1), only BM], living arrangement and age were included; due to the small number of
participants with vision impairment, vision was excluded from the final tree model to prioritise more
stable predictors.

The first decision point is whether an older adult has a BMI above or below 29kg/m? (i.e., the
best-split value from the regression tree analysis). A person with a BMI of >29 kg/m? was predicted
to have a lower diet quality than those with a BMI of <29kg/m?. The second decision point was the
living arrangement, i.e., living with others or alone. Those with a BMI >29 kg/m? and living with
others had a lower DQI score than those who lived alone with a similar BMI range. The third decision
point was age (< 80 and 2 80). Those with a BMI >29 kg/m?, living with others and less than 80 years
old had a lower diet quality than those age > 80. This model identified that those with a BMI >29
kg/m? living with others younger than 80 years were likely to have a lower diet quality.

Separate tree diagrams were constructed for DQI-I subcomponents (Figure S1). In each tree
diagram, BMI remains a key (first) independent variable for all subcomponents, except for
moderation, where sex was a predictor of moderation score (male sex has a lower moderation score).
The second independent variable varies across the DQI-I subcomponents: living arrangements for
diet variety, medication for adequacy, and NEADL for balance.

When we compared the tree diagrams (CART analysis) to the GLM regression models, we found
BMI to be a consistent predictor for the overall DQI-I score and subcomponents adequacy and balance
scores; sex was also identified consistently for moderation score in both the GLM model and the
CART analysis.
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Node 0
Mean 59.252
Std. Dev. 8.199
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Predicted 59.252

,_.llll._
—

BMI
Improvement=1.788

<=29.057 >29.057
Node 1 Node 2
Mean 60.353 Mean 57.659
Std. Dev. 8.045 Std. Dev. 8.178
n 275 n 190
% 59.1 % 40.9

Predicted 60.353

Predicted 57.659

_-lllII-_
S

Live with
Improvement=1.625

Alolne With others
Node 3 Node 4
Mean 59.852 Mean 55.846
Std. Dev. 7.218 Std. Dev. 8.509
n 86 n 104
% 18.5 % 224

Predicted 59.852

Predicted 55.846

_llllll__
S

Age
Improvement=0.663

80+ year <80 years
Node 5 Node 6
Mean 58.371 Mean 54.672
Std. Dev. 8.644 Std. Dev. 8.245
n 33 n 71
% 7.1 % 15.3
Predicted 58.371 Predicted 54.672
I.I.II - _Illll___

Figure 1. CART diagram of factors associated with Diet Quality (DQI-I) in pre-frail older adults.

4. Discussion

This paper aims to identify predictors of diet quality in community-dwelling pre-frail older
adults and to identify mutually exclusive subgroups in the sample who share common characteristics
that influence diet quality. We found that BMI, living arrangement, and socioeconomic status were
associated with diet quality. In GLM models, those with low socioeconomic status, living with others
and higher BMI were independently associated with poorer diet quality. It is somewhat surprising
that living alone was independently associated with better diet quality, contrary to a previous study
of octogenarians that living alone was associated with high nutrition risk [39]; in a younger group of
adults (mean age 74+12), there was no conclusive evidence on living arrangement and nutrition risk
[40]. This is likely to be attributed to the interplay between living arrangement and other factors; for
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example social networks in the neighbourhood was shown to attenuate the negative association
between living alone and daily fruit and vegetable consumption [41].

In the CART analysis, which considered interactions of all variables of interest, we found BMI
was the most important predictive factor of diet quality, followed by living arrangement and age. A
BMI >29 kg/m?was the best-split value in predicting diet quality, i.e. those with BMI>29 kg/m? had a
lower diet quality (57.6) than those with BMI<29kg/m? (60.4). However, further subgroups were
identified based on living arrangements and age. Those who lived alone and >80 years old with a
similar BMI range had similar diet quality to those with BMI<29kg/m?. In other words, in this sample,
those with BMI>29 kg/m?, living with others and <80 years old were predictive of lower diet quality.
Further analysis showed that BMI remains the most important factor in predicting all subcomponents
of diet quality except for moderation (i.e., energy intake from dietary fat, cholesterol, sodium, and
empty calorie foods), in which the male sex had a lower moderation score than their female
counterparts. After BMI, living arrangement was predictive of diet variety; medication was predictive
of diet adequacy and NEADL score for the overall balance of macronutrient and fatty acid ratios.
Studies have shown eating with others increases food intake [42]. Our study further details the
relationship between eating with others and food intake. Interesting, compared to living alone, we
observed that those living with others (82% of this group were living with a spouse/partner only) had
a lower diet variety score. Two studies reported that some older adults living on their own relished
the opportunity to experiment different foods while others felt a sense of release from the constraint
of eating food that pleased the preferences of other. [16, 43] These findings might partly explain a
higher diet variety score of those living alone in our study. We recommend further research to
untangle the interaction of social networks and diet quality in older adults.

Previous studies found diet quality is like to health outcomes. In a longitudinal study of more
than 7000 adults with a mean age of 65 years, diet quality was associated inversely with ADL-based
disability and depression [44], and the Physicians Health Study found a dose-response relationship
between diet quality with pre-frailty and frailty [45]. Enhancing diet quality can be advantageous for
older adults. One approach to enhance diet quality in older adults is increasing nutritional literacy
(e.g., interpreting food labels), awareness of food choices and knowledge of healthy food swaps.

These tree diagrams enable primary care providers to visualise factors important for dietary
quality in pre-frail older adults. Nutrition plays a vital role in physical and mental health. Inadequate
nutrition can exacerbate pre-frailty progression to the clinical manifestation of frailty [46]. Early
identification of factors important to diet quality may facilitate timely and specific intervention (e.g.,
education in increasing diet variety and/or specific nutrients, or moderation in empty calories) to
optimise physical functionality.

Strengths and limitations

We collected detailed dietary intake from a sample of community-dwelling older adults using
the 24-hour multiple-pass dietary recall method. To the best of our knowledge, this is the first paper
to explore the sociodemographic, socioeconomic, and health indicators associated with the diet
quality of pre-frail older adults.

This study has several limitations, including the nature of data analysis. We cannot draw a
cause-effect relationship observed in this study. Influence can go both ways. Longitudinal studies are
warranted to identify the directions and effects of determinants [12]. We were restricted to
completing a training validation for the CART analysis to increase confidence and reduce the risk of
bias in the study findings to allow for some external validation [47]. However, with the current
sample size (n=468), k-fold cross-validation is acceptable [38]. A small sample size is prone to
prediction errors, including erroneous splits within the tree structures. In our GLM regression
models, BMI and living alone were independent predictors of diet quality, agreeing with CART
analysis regarding strength and direction of the association.

This sample includes only those pre-frail, as determined using the FRAIL scale. This limit the
generalizability of our findings to those who are 'robust' or 'frail'. Also, the FRAIL scale is comprised
of five items: fatigue, resistance, ambulation, number of illnesses and unintentional weight loss
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greater than 5% (12), and it was self-administered, which may be subject to recall bias (medical
conditions) or social desirability bias (ambulation, climbing stairs without aid, or physical activity
levels). While a more objective measure of frailty phenotype (e.g., Fried phenotype of frailty) is
desired, a simple test is desired in a primary care setting where resources are constrained. Similarly,
finding the right balance between the availability of resources (e.g., trained clinicians) and the
robustness of a tool to detect an outcome of interest need is essential. The FRAIL scale has moderate
to good agreement with many published frailty measures, including the Fried phenotype of frailty
and Comprehensive Geriatric Assessment (CGA) [48].

The 24h MPR dietary assessment method is subjected to biases, including social desirability,
memory, and seasonal variability. However, it minimises participants' burden and employing
multiple passes allow detailed information about portion sizes, recipes, and preparation methods.
This method was used by the New Zealand Adult National Nutrition Survey [49] and validated in
advanced age [34, 50]. The online platform relies on good network coverage and comprehensiveness
of the food composition databases.

Future research is needed to identify predictors of diet quality in other settings and beyond pre-
frail older adults to determine similarities and/or differences of subgroups of older adults who may
benefit from timely and targeted nutrition intervention to improve diet quality.

5. Conclusions

Sociodemographic and health factors are associated with dietary intake in older adults. We
found BM], living arrangement and socioeconomic status were associated with diet quality in pre-
frail older adults, and profile of subgroups of sample with poorer diet quality were identified.
Findings from this paper add a different dimension of appropriate screening strategies to improve
the nutritional status of older adults at risk of frailty.
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S3: CART diagram of factors associated with DQI-I and subcomponents in pre-frail older adults for LER only.
Figure S4: CART diagram of factors associated with DQI-I and subcomponents in pre-frail older adults for low
energy reporter (LER) only. Table S1: Multivariate regression against DQI-I score and subcomponents for Low
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Table Al. Univariate characteristics associated with DQI-I and subcomponents. g

)

DQI-I Variety Adequacy Moderation Balance —

Demographic and health variables

B Std. error p-value B Std. error p-value B Std. error p-value B Std. error p-value B Std. error p-value %

Age, (<80 years; reference: 80+ years) -1.474 0.7572 0.052 -0.247 0.3085 0.423 -0.426 0.4101 0.299 -0.622 0.3931 0.114 -0.178 0.1395 0.202 ;

Sex (male; reference: female) -0.776 0.7718 0.314 0.375 0.3132 0.231 0.083 0.4173 0.843 -1.394 0.3953 <0.001 0.159 0.1418 0.261 m

Ethnic group (European; reference: non-European) 2.260 1.2934 0.081 0.458 0.5264 0.384 1.381 0.6979 0.048 0.117 0.6727 0.862 0.305 0.2381 0.200 2

Education level (primary; reference: tertiary) 0.041 2.2660 0.985 -0.108 0.9196 0.907 -1.280 1.2224 0.295 1.201 1.1728 0.306 0.227 0.4164 0.585 g

(Secondary; reference: tertiary) -0.079 0.7784 0.919 -0.225 0.3159 0.477 -0.205 0.4199 0.625 0.365 0.4029 0.365 -0.014 0.1430 0.924 g

Live with (alone; reference: others) 1.578 0.7619 0.038 0.356 0.3103 0.251 0.341 0.4131 0.409 0.999 0.3941 0.011 -0.118 0.1406 0.399 g

Deprivation (reference: high) Low 1.959 0.9405 0.037 0.604 0.3827 0.114 1.137 0.5072 0.025 -0.082 0.4900 0.867 0.300 0.1731 0.083 —

Medium 1.621 0.9595 0.091 0474 0.3904 0.225 1.112 0.5174 0.032 -0.244 0.4998 0.626 0.279 0.1766 0.115 'OU

Medical conditions (1; reference: 2+) 0.120 0.8882 0.892 -0.004 0.3606 0.992 -0.244 0.4796 0.611 0.129 0.4604 0.779 0.238 0.1629 0.143 %

Vision (impaired; reference: non impaired) -0.569 1.5001 0.705 -0.546 0.6086 0.370 0.513 0.8100 0.527 -0.108 0.7778 0.890 -0.428 0.2751 0.120 z

Hearing (impaired; reference: non impaired) 1.966 1.4367 0.171 -0.008 0.5845 0.989 1.046 0.7760 0.178 0.950 0.7450 0.202 -0.022 0.2646 0.934 :

BMI, kg/m? -0.194 0.0769 0.012 -0.062 0.0312 0.047 -0.093 0.0416 0.025 -0.023 0.0401 0.574 -0.016 0.0141 0.258 =

Waist circumference, cm -0.055 0.0298 0.064 -0.009 0.0121 0.461 -0.022 0.0160 0.165 -0.022 0.0155 0.150 -0.002 0.0055 0.753 g_

Medications (1; reference: 2+) -1.160 1.2710 0.361 0.403 0.5162 0.435 -1.236 0.6847 0.071 -0.248 0.6594 0.707 -0.079 0.2338 0.735 =

Supplements (0; reference: 1+) -0.133 0.7653 0.862 -0.274 0.3105 0.377 -0.278 0.4132 0.501 0.106 0.3968 0.790 0.314 0.1399 0.025 &
Alcohol consumption (never; reference: regular) -0.369 1.0012 0.713 -0.806 0.4055 0.047 -0.311 0.5409 0.565 0.428 0.5192 0.410 0.321 0.1835 0.081
(Occasional; reference: regular) 0.806 0.8704 0.355 -0.289 0.3525 0.412 0.316 0.4702 0.501 0.501 0.4514 0.267 0.278 0.1596 0.082
Smoking (non-smoker; reference: smoker) 4.936 3.6754 0.179 2.202 1.4917 0.140 3.936 1.9806 0.047 -2.404 1.9059 0.207 1.202 0.6746 0.075
NEADL score 0.219 0.1662 0.188 0.052 0.0676 0.444 0.143 0.0897 0.112 0.042 0.0863 0.623 -0.018 0.0306 0.562
SPPB score 0.187 0.1785 0.295 0.172 0.0721 0.017 0.123 0.0963 0.202 -0.099 0.0925 0.286 -0.009 0.0328 0.781
MoCA score (not impaired; reference: impaired) -0.507 0.9252 0.583 -0.307 0.3752 0414 -0.413 0.4986 0.408 0.700 0.4779 0.143 -0.488 0.1686 0.004
GDS score (no depression; reference: depression) -0.228 1.0013 0.820 -0.124 0.4065 0.760 0.028 0.5409 0.959 -0.313 0.5190 0.546 0.181 0.1839 0.324

Italicised p-values are significant at the 0.05 level.
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Table A2. Univariate characteristics associated with DQI-I and subcomponents for LER only. . '?I;

T

DQI-I Variety Adequacy Moderation Balance §

Demographic and health variables T

B Std. error p-value B Std. error p-value B Std. error p-value B Std. error p-value B Std. error p-value °

Age, (<80 years; reference: 80+ years) -1.838 1.3889 0.186 -0.344 0.5442 0.527 -0.754 0.7696 0.327 -0.600 0.6749 0.374 -1.404 2.4930 0.573 é

Sex (male; reference: female) -0.732 1.4186 0.606 -0.112 0.5537 0.840 0.697 0.7826 0.373 -1.763 0.6726 0.009 4.461 2.5103 0.076 —

<

Ethnic group (European; reference: non-European) -0.733 2.4075 0.761 0.019 0.9393 0.983 0.098 1.3309 0.941 -1.502 1.1601 0.195 6.520 4.2694 0.127 9|

Education level (primary; reference: tertiary) 0.734 4.4166 0.868 1.427 1.7175 0.406 0.094 2.4257 0.969 0.542 2.1298 0.799 -13.295 7.8215 0.089 o

m

(Secondary; reference: tertiary) -0.736 1.4238 0.605 -0.325 0.5537 0.557 -1.146 0.7820 0.143 0.896 0.6866 0.192 -1.615 2.5214 0.522 g

Live with (alone; reference: others) 2.731 1.4060 0.052 1.038 0.5488 0.058 1.034 0.7822 0.186 0.956 0.6851 0.163 -2.985 2.5313 0.238 o

Deprivation (low; reference: high) 2.422 1.7735 0.172 0.049 0.6975 0.943 1.910 0.9638 0.047 0.030 0.8638 0.972 4.318 3.1674 0.173 g

(Medium; reference: high) 2.507 1.7245 0.146 0.106 0.6782 0.876 2.570 0.9372 0.006 -0.630 0.8400 0.453 4.612 3.0799 0.134 g

Medical conditions (1; reference: 2+) -1.263 1.5795 0.424 -0.183 0.6172 0.767 -0.657 0.8731 0.452 -0.709 0.7646 0.354 2.858 2.8181 0.311 g

Vision (impaired; reference: non impaired) -4.390 2.7860 0.115 -1.730 1.0865 0.111 -0.623 1.5515 0.688 -1.651 1.3539 0.223 -3.856 5.0079 0.441 —

Hearing (impaired; reference: non impaired) 1.092 2.4885 0.661 -0.430 0.9706 0.658 0.514 1.3755 0.709 1.280 1.2017 0.287 -2.720 4.4429 0.540 -80

BMI, kg/m? -0.001 0.1381 0.994 0.066 0.0535 0.220 0.125 0.0757 0.098 -0.153 0.0657 0.020 -0.388 0.2447 0.113 g:

Waist circumference, cm 0.046 0.0558 0.406 0.028 0.0217 0.199 0.082 0.0298 0.006 -0.059 0.0268 0.029 -0.050 0.1007 0.618 N

N

Medications (1; reference: 2+) -2.636 2.0071 0.189 0.090 0.7873 0.909 -1.769 1.1062 0.110 -0.823 0.9755 0.399 -1.339 3.6044 0.710 >

=

Supplements (0; reference: 1+) -0.095 1.4198 0.947 -0.367 0.5530 0.507 -0.393 0.7840 0.616 0.121 0.6877 0.860 5.436 2.4976 0.030 tg

Alcohol consumption (never; reference: regular) -2.726 1.8244 0.135 -0.643 0.7194 0.371 -1.759 1.0080 0.081 0.045 0.8956 0.960 -3.688 3.2937 0.263 L

N

(Occasional; reference: regular) 1.112 1.5913 0.485 0.185 0.6275 0.768 0.318 0.8793 0.718 0.614 0.7812 0.432 -0.049 2.8729 0.986 S

Smoking (non-smoker; reference: smoker) 5.788 8.5987 0.501 1.192 3.3576 0.723 5.772 4.7360 0.223 -0.797 4.1710 0.849 -3.793 15.3810 0.805 @
NEADL score 0.057 0.2766 0.836 0.009 0.1079 0.935 0.006 0.1529 0.969 0.063 0.1339 0.638 -0.207 0.4940 0.676
SPPB score -0.080 0.3031 0.791 0.049 0.1182 0.681 -0.035 0.1675 0.836 -0.112 0.1466 0.444 0.179 0.5414 0.740
MoCA score (not impaired; reference: impaired) 1.281 1.7996 0.477 0.604 0.6973 0.386 0.868 0.9930 0.382 0.050 0.8717 0.954 -2.413 3.2173 0.453
GDS score (no depression; reference: depression) 0.079 1.8228 0.965 0.909 0.7071 0.199 -0.094 1.0073 0.926 -0.783 0.8807 0.374 0.474 3.2561 0.884

Italicised p-values are significant at the 0.05 level.
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Table A3. Univariate characteristics associated with DQI-I and subcomponents for Plausible reporters only. . '?I;

DQI-I Variety Adequacy Moderation Balance g

Demographic and health variables T

B Std. error  p-value B Std. error p-value B Std. error p-value B Std. error p-value B Std. error p-value °

Age, (<80 years; reference: 80+ years) -1.252 0.8823 0.156 -0.108 0.3431 0.753 -0.157 0.4212 0.709 -0.761 0.4480 0.090 -2.258 1.6636  0.175 e

Sex (male; reference: female) -0.730 0.8991 0.417 0.603 0.3472 0.083 -0.188 0.4282 0.661 -1.190 0.4527 0.009 0.450 1.6962  0.791 —

Ethnic group (European; reference: non-European) 3.720 1.4864 0.012 0.680 0.5807 0.242 2.026 0.7053 0.004 0.864 0.7618 0.257 1.508 2.8284  0.594 (3

Education level (primary; reference: tertiary) -0.399 2.5654 0.876 -0.879 0.9930 0.376 -2.029 1.2146 0.095 1.627 1.3014 0.211 8.825 4.8104 0.067 o

(Secondary; reference: tertiary) 0.228 0.9074 0.802 -0.238 0.3512 0.499 0.190 0.4296 0.659 0.192 0.4603 0.676 0.836 1.7014  0.623 E

Live with (alone; reference: others) 0.805 0.8860 0.363 -0.106 0.3439 0.757 -0.237 0.4221 0.574 1.182 0.4461 0.008 -0.335 1.6721 0.841 o

Deprivation (low; reference: high) 1.705 1.0818 0.115 0.750 0.4183 0.073 0.658 0.5155 0.202 0.020 0.5522 0.970 2.769 2.0418  0.175 g

(Medium; reference: high) 1.378 1.1286 0.222 0.821 0.4363 0.060 0.630 0.5378 0.241 -0.238 0.5760 0.680 1.646 21300  0.440 g

Medical conditions (1; reference: 2+) 1.014 1.0485 0.333 0.256 0.4068 0.529 0.208 0.4997 0.677 0.369 0.5336 0.489 1.815 1.9767  0.359 g

Vision (impaired; reference: non impaired) 1.257 1.7273 0.467 0.031 0.6702 0.963 1.107 0.8205 0.177 0.562 0.8785 0.523 -4.422 3.2490 0.173 —

Hearing (impaired; reference: non impaired) 2.267 1.7240 0.188 0.040 0.6702 0.953 1.069 0.8206 0.193 1.002 0.8772 0.254 1.581 32574  0.627 -80

BMI, kg/m? -0.171 0.1028 0.096 0.000 0.0399 0.991 -0.011 0.0491 0.817 -0.134 0.0520 0.010 -0.249 0.1936  0.198 g:

Waist circumference, cm -0.064 0.0367 0.083 0.013 0.0143 0.345 -0.015 0.0175 0.383 -0.056 0.0185 0.002 -0.055 0.0695  0.428 N

Medications (1; reference: 2+) 0.726 1.6297 0.656 1.286 0.6278 0.041 0.122 0.7759 0.875 -0.556 0.8283 0.502 -1.265 3.0719  0.681 :

Supplements (0; reference: 1+) 0.053 0.8877 0.953 -0.118 0.3441 0.733 -0.017 0.4225 0.969 -0.023 0.4514 0.960 2.096 1.6690  0.209 t§

Alcohol consumption (never; reference: regular) 1.012 1.1664 0.386 -0.817 0.4504 0.070 0.564 0.5548 0.309 0.581 0.5930 0.327 6.840 21656  0.002 L

(Occasional; reference: regular) 0.755 1.0085 0.454 -0.405 0.3894 0.298 0.461 0.4797 0.337 0.311 0.5127 0.544 3.883 1.8724  0.038 §

Smoking (non-smoker; reference: smoker) 5214 3.9235 0.184 2.823 1.5169 0.063 4.061 1.8586 0.029 -3.235 1.9923 0.104 15.647 7.3633 0.034 @
NEADL score 0.266 0.2050 0.195 0.038 0.0796 0.632 0.164 0.0974 0.092 0.077 0.1044 0.462 -0.132 0.3873  0.733
SPPB score 0.195 0.2209 0.377 0.135 0.0854 0.114 0.029 0.1052 0.784 0.047 0.1124 0.674 -0.162 0.4167  0.697
MoCA score (not impaired; reference: impaired) -0.982 1.0486 0.349 -0.505 0.4061 0.213 -0.650 0.4985 0.192 0.777 0.5322 0.144 -6.024 1.9498 0.002
GDS score (no depression; reference: depression) -0.397 1.1694 0.734 -0.683 0.4518 0.131 0.037 0.5567 0.947 -0.016 0.5948 0.979 2.647 21996  0.229

Italicised p-values are significant at the 0.05 level.
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