The Journal of Nutrition, Health and Aging 28 (2024) 100379

Contents lists available at ScienceDirect

JNHA

THE JOURNAL
OF NUTRITION,
HEALTH

AND AGING

The Journal of Nutrition, Health and Aging

journal homepage: www.elsevier.com/locate/jnha -

Original Article

Diet quality in U.S. adults eating in senior and community centers: R)
NHANES 2009-2018 et

Maximilian Andreas Storz **, Alvaro Luis Ronco >¢

2 Department of Internal Medicine II, Centre for Complementary Medicine, Medical Center — University of Freiburg, Faculty of Medicine, University of Freiburg, Germany
® Unit of Oncology and Radiotherapy, Pereira Rossell Women’s Hospital, Bvard. Artigas 1590, 11600 Montevideo, Uruguay
© Biomedical Sciences Center, University of Montevideo, Puntas de Santiago 1604, 11500 Montevideo, Uruguay

ARTICLE INFO ABSTRACT

Keywords:
Community/Senior center
Nutrient intake

Background: With advancing age, the worsening of cognitive and physical disabilities may lead older adults to seek
help in their daily living activities. Community/senior centers support older adults during aging, offering a wide
variety of services, including meal programs. Using data from the National Health and Nutrition Examination

3:;1(111:2“:;1“ Surveys (2009-2018), we aimed to examine whether community/senior center meal programs were associated with
NH. AI\II)ESg an improved nutritional exposure in U.S. adults aged 60 years or older.

Methods: Nutrient exposure and nutrient-based dietary indexes, including the Diet Quality Score (DQS) and the Food
Nutrient Index (FNI) were compared between those eating meals at community/senior centers and the general
population. Nutrient intakes were contrasted to the daily nutritional goals from the Dietary Guidelines for
Americans.

Results: This study included 6261 participants aged >60 years, thereof n = 421 reporting community/senior center
meals. The latter were predominantly female and almost 45% were widowed or divorced. Eating at community/
senior centers did not result in a better diet quality in crude analyses. After adjustment for potential
sociodemographic confounders as well as alcohol, smoking and energy intake, however, sex-specific differences
emerged, revealing significantly higher FNI scores in males eating at community/senior centers (adjusted FNI

predictions: 61.71 [CI:58.55-64.88] vs 57.64 [CI:56.86—58.41] points).

Conclusions: Eating at community/senior centers was associated with an improved nutrient exposure in older men,
whereas no better diet quality was found in women. Community/senior centers may play a pivotal role when it
comes to the diet quality of a particularly vulnerable group of the population.

© 2024 The Author(s). Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Poor diet quality is a major risk factor for numerous chronic diseases
[1-3]. Older adults are at a particular risk for nutritional deficiencies
[4,5], which have been shown to contribute to disability, frailty, and
death among seniors [6].

In contrast, improvements in nutrition were associated with tangible
benefits to older people, and many age-related conditions may be
prevented or ameliorated by a proper diet [5]. In this context, healthier
dietary habits were associated with cardiometabolic disease-free life
expectancy between the ages of 50 and 85 [7].

Descriptive nutritional epidemiology has recently focused on the
presence of suboptimal dietary intakes among free-living older U.S.
Americans and their nutrient exposure [4,6]. Despite using different
databases and data sources, these studies resulted in comparable
conclusions: only a small fraction of the examined populations had a
good quality diet, whereas the majority of older adults had diets
considered poor or needing improvement [4,6].

With advancing age, the onset or worsening of cognitive and physical
disabilities may lead older adults to seek help in their activities of daily
living, such as meal preparation and cooking [8,9]. Several studies have
recently investigated the food intake of older adults receiving home-
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delivered meal services [8,10]. To this point, however, another important
part of the population has received little attention: older adults who
regularly eat meals at community/senior centers [11].

Located in cities nationwide, the approximately 11,000 senior centers
in the United States play a pivotal role in supporting older adults during
aging [12,13]. These centers serve more than 1 million older adults every
day in their communities and neighborhoods, offering a wide variety of
services, including meal and nutrition programs [13]. Whether these
programs are associated with an improved nutritional status remains
unknown, and has never been assessed using large epidemiological US-
based survey datasets.

To address this gap in the literature, we compared nutrient intake data
(and thereof calculated nutrient-based dietary indexes) between the non-
institutionalized NHANES (National Health and Nutrition Examination
Survey) general population aged 60 years or older and NHANES
participants eating at senior/community centers. Nutrient intakes were
also contrasted to the Dietary Guidelines for Americans (DGA) to identify
potentially critical nutrients in those participants eating at senior/
community centers [14].

2. Materials and methods
2.1. Study population and design

The NHANES is a nationally representative, cross-sectional epidemi-
ological survey of the non-institutionalized, civilian US population, and
employs a complex, stratified, multistage probability cluster sampling
design [15-18]. This design ensures that sample populations are
representative of the nation’s non-institutionalized civilians, and allows
for estimates of health-related statistics that would have been only
obtained if the entire U.S. population had been surveyed [19,20].
NHANES data is collected from household interviews and from
standardized medical examinations, including blood sample collections
and anthropometric assessments performed in mobile examination
centers. NHANES has been continuous since 1999 and involves a sample
of approximately 5000 participants per annum [21]. Participants
provided written informed consent, and study procedures were approved
by the National Center for Health Statistics Research Ethics Review Board
[22,23]. Considering the nature of the employed dataset and the
outcomes of interest for this study, only NHANES participants aged 60
years or older were included for this analysis.

2.2. Primary outcome: nutrient exposure

The assessment of nutrient exposures is critical for evaluating
population-level adherence to dietary recommendations, and to capture
associations between health and diet [24]. The primary outcome of our
study was the Food Nutrient Index (FNI) - a dietary supplement-free
version of the Total Nutrient Index (TNI) developed by Cowan et al. [24].
The FNI was selected for its ability to assess micronutrient exposures of
under-consumed micronutrients among US adults [24,25]. This score has
been validated with NHANES data before, and includes a total of eight
nutrients (calcium, magnesium, potassium, and choline as well as the
vitamins A, C, D, and E). The FNI is scored from 0 to 100 and truncated at
100% of the respective standard [24,25]. Higher FNI scores indicate a
better diet quality and closer adherence to the DGA in terms of critical
nutrients.

As done earlier, we used the FNI in conjunction with the Diet Quality
Score (DQS) by Fitzgerald, Dewar, and Veugelers [26,27]. The DQS is not
confined to under-consumed nutrients but aggregates a total of 17
nutrients (carbohydrate, fat, saturated fat, protein, thiamin, riboflavin,
niacin, phosphorus, magnesium, iron, zinc, selenium, and vitamins A, B6,
B12, C, and E) into an overall summary measure. Designed to assess an
individual’s compliance with the Dietary References Intakes (DRI) for the
aforementioned nutrients, a value of 1 is given for each age- and gender-
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specific nutrient recommendation met (see Supplementary Table S1)
[26,28]. Avalue of 0 is assigned for each nutrient intake recommendation
that was not met. The values are then summed, resulting in an overall
score ranging from O to 17 points [26].

Nutrient intakes to compute the DQS and FNI were obtained from the
NHANES dietary module, which is based on two 24-h dietary recalls
employing a computer-assisted dietary interview software program
[29,30]. In order to obtain a more complete picture of the usual dietary
intake of the U.S. population, a second dietary interview for all
participants who complete the in-person recall was added to the
NHANES. The second dietary recall administered by telephone was not
considered for this particular analysis in order to maintain an adequate
sample size in the “participants eating at senior centers” group. While
potentially losing some precision [31], a single 24-h recall has been
considered sufficient to describe mean dietary intakes and is considered
adequate for descriptive epidemiologic purposes [27,29]. No modelling
techniques were employed to estimate usual intakes over time. Finally,
we only considered participants with a reliable dietary recall status. For
this, a special NHANES variable (“drldrstz “) indicating the quality and
completeness of a survey participant's response to the dietary recall
section was used.

2.3. Secondary outcome: nutrient intake in relation to the DGA

Following an approach described earlier [32,33], we contrasted
nutrient intake profiles of participants eating at senior/community
centers with the daily nutritional goals (DNG) specified in the current
2020-2025 DGA [14].

All nutrients displayed in the DNG Tables A1-A2 in the 2020-2025
DGA were considered for this analysis [14]. The DGA is the cornerstone of
the US Federal nutrition policy designed to provide food-based dietary
recommendations for the US population [34]. Published jointly by the US
Department of Health and Human Services and the US Department of
Agriculture, the DGA are released every 5 years [34]. In the appendix, the
DGA include age and sex-specific nutritional goals in a multi-page table
format. This format was applied here, and color-coded descriptive
comparisons were performed (red: goal not met; green: goal met). The
DNG in the 2020-2025 DGA stem from various sources and concepts
(including Adequate Intake (AI), Acceptable Macronutrient Distribution
Range (AMDR), Chronic Disease Risk Reduction (CDRR), and the
Recommended Dietary Allowance (RDA)), and have been discussed
elsewhere in detail [32].

2.4. Covariates

Covariates included sociodemographic and anthropometric factors
known to be associated with an impaired nutrient intake. Demographic
data included: sex (male, female; categorical), age (continuous), race/
ethnicity (Mexican American, Other Hispanic, Non-Hispanic White, Non-
Hispanic Black, Other Race; categorical), marital status (married/living
with partner, widowed/divorced/separated, never married; categorical),
household income (less or > 20000 US$ per annum; categorical),
education level (less than 9th grade, 9—11th grade, high school graduate,
some college or associate degree, college graduate or above; categorical)
and body mass index (BMIL; continuous). Alcohol intake was assessed by
the question “In any one year, have you had at least 12 drinks of any type
of alcoholic beverage?” whereas smoking history was assessed with the
question “Have you smoked at least 100 cigarettes in your entire life?”.

The question “in the past 12 months, did you go to a community
program or senior center to eat prepared meals?” was used to determine
whether participants ate at community/senior centers. Of note, this
question also included adult day care and was posed to all male and
females NHANES participants aged 60 years or older. For this reasons,
participants who were younger than 60 years could not be considered in
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this analysis. While the plural in the question (“meals”) implies regularity,
NHANES did not provide us with an exact frequency variable.

2.5. Statistical analysis

The statistical analysis was performed with STATA 14 statistical
software (StataCorp. 2015. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP). After merging multiple NHANES modules
(Supplementary Table S2), and after appending five consecutive cycles
(2009-2010 through 2017-2018), we constructed a 10-year weight for
dietary data in accordance with the NHANES weighting module and the
analytic guidelines. Weighted survey analyses were performed using
Stata’s “svyset” and “svy” commands. Only participants without missing
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data on any of the included variables were considered. Data distribution
was examined via histograms and subpopulation summary statistics.
Normally distributed data was described with the mean and correspond-
ing 95%-confidence interval, whereas categorical variables were
described with their weighted proportions and 95%-confidence interval.

All weighted proportions were checked for reliability based on the
2017 NCHS (National Center for Health Statistics) data presentation
standards for proportions [35]. These standards require the investigator
to glance at the Korn-Graubard confidence interval (CI), along with CI
widths, the sample size, and the degrees of freedom when assessing the
reliability of a proportion [36]. For practical purposes, we employed
Ward’s post-estimation command “kg nchs” in Stata, and flagged
unreliable proportions with a “**” symbol.

Table 1
Sample characteristics of the examined study population (NHANES, 2009-2018): general population vs. participants eating at community/senior centers.
General population n = 5840 Community/Senior center eaters n = 421 p-value
Sex p = 0.001°
Males 46.43% 35.22%
[45.03—47.83] [29.89—-40.94] *
Females 53.57% 64.78%
[52.17-54.97] [59.06—-70.11] *
Age (years) 69.40 73.28 p < 0.001 ¢
[69.11-69.69] [72.26—74.31]
Race/ethnicity p=0261"
Mexican American 4.31% 2.99 %
[3.03-6.10] [1.60-5.51]
Other Hispanic 3.53% 2.02 %
[2.63-4.72] [1.19-3.41] *
Non-Hispanic White 78.31% 77.17 %
[75.19-81.14] [68.11-84.25]
Non-Hispanic Black 8.47% 9.69%
[6.98—10.25] [6.52—14.15]
Other Race ? 5.38% 8.13%
[4.39-6.57] [3.65-17.15] **
Marital status p < 0.001°
Married/living with partner 65.98 % 45.47 %
[63.82—-68.07] [38.48—-52.64] *
Widowed/divorced/separated 29.93 % 46.41 %
[28.02—31.90] [38.79—-54.20] *
Never married 4.10 % 8.12%
[3.45—-4.86] [5.76-11.34] *
Annual household income p < 0.001°
<20000 US$ 16.07% 38.51%
[14.14-18.21] [31.91-45.56] *
>20000 US$ 83.93% 61.49%
[81.79—-85.86] [54.44—-68.09] *
Alcohol intake (>12 drinks/yr) p < 0.001 b
No 29.01% 42.29%
[26.67—31.45] [36.16—48.66] *
Yes 70.99% 57.71%
[68.55—-73.31] [51.34-63.84] *
At least 100 cigarettes in life p = 0.064°
Yes 50.79% 44.89%
[48.94—-52.63] [39.02—-50.90]
No 49.21% 55.11%
[47.37—-51.06] [49.10—60.98]
Educational level p < 0.001°
Less than 9th grade 7.19% 10.13%
[6.07—8.50] [7.12—14.23]
9—11th grade 10.39% 13.11%
[9.02-11.94] [8.33-20.04]
High school graduate/GED ¢ 22.40% 29.33%
[20.72—-24.17] [24.66—34.49] *
Some college or AA degree 31.16% 32.09%
[29.05—-33.36] [27.70—-36.83]
College graduate or above 28.86% 15.33%
[25.97-31.93] [10.49-21.85] *
Body mass index (kg/mz) 29.31 28.92 p=0.430°

[29.02—-29.61]

[27.90—-29.95]

Weighted proportions. Total number of unweighted observations: n = 6,261. Continuous variables shown as mean [95%-confidence interval]. Categorical variables
shown as weighted proportions [95%-confidence interval]. a = includes multi-racial; b = based on Stata’s design-adjusted Rao-Scott test; ¢ = based on regression
analyses followed by adjusted Wald tests; d = General Education Diploma or equivalent, * = indicates significant differences in weighted proportions; ** = weighted
proportions cannot be considered reliable, as per the recent National Center for Health Statistics Guidelines [35].
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To test for potential differences between the general population and
NHANES participants eating at senior centers/community centers, we
used multivariate linear regression analyses (followed by adjusted Wald
tests) and Stata’s Rao-Scott test [37]. In an additional analysis, we also
used regression analyses followed by adjusted Wald tests to compare
crude nutrient intakes between males and females eating at senior
centers/community centers. The comparison of crude nutrient intakes to
the DGA was performed in a descriptive way, without calculating p-
values.

In a last step, we constructed multivariate linear regression models for
the FNI and negative binomial regression models for the DQS. Models
were constructed for males and females separately, although the same
covariates were included in both models. All models were built based on
the recommendations of West, Berglund, and Heeringa for regression
models in applied survey data analysis [38]. This procedure included
exploratory bivariate analyses to identify potential candidate predictors
with a significant relationship with the FNI. Only predictor variables of
scientific relevance and with a bivariate relationship of significance <
0.25 with the response variable in the initial model were used. Using t-
tests for individual coefficients and Wald tests for multiple coefficients,
we then verified the importance of the included variables and assessed
potential changes in all predictor variables in the multivariate model
[37]. Following linear regression, we used Stata’s marginsplots function
to graph statistics from the fitted models. A p-value < 0.05 was used as a
cutoff for statistical significance.

3. Results

The final sample comprised 6261 participants (see Supplementary
Fig. S1). Thereof, 421 participants eating at community/senior centers
were included, which may be extrapolated to represent 2,686,683 U.S.
Americans.

Participants who reported consuming community/senior center
meals were predominantly female and significantly older when compared

Table 2
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to the general NHANES population. More than 45% were widowed,
divorced or separated and approximately 39% reported an annual
household income <$20000. Additional sociodemographic data charac-
terizing the sample may be obtained from Table 1.

Substantial and significant differences were found in terms of
macronutrient-, fiber- and total energy intake between the general
population and those eating at community/senior centers (Table 2). Mean
energy intake was significantly lower in those eating at community/
senior centers and this also applied to fiber and protein intake. At the same
time, significant differences were also found for those nutrients when
comparing males and females within the community/senior center meals
group, with significantly lower intakes for almost all nutrients in females.

Comparable patterns were found for many micronutrients and
vitamins, with a significantly lower intake of calcium, magnesium,
phosphorus, potassium, sodium, riboflavin and niacin as well as choline
in those eating at community/senior centers (Table 3). Again, numerous
sex-specific differences were found for many of these micronutrients, with
lower intakes in females.

In a subsequent step, we performed energy-adjusted analyses
(nutrient intakes/1000 kcal). Results may be obtained from Supplemen-
tary Table S3, suggesting that differences persisted for only a handful of
nutrients, including total protein and total carbohydrate intake.
Supplementary Table S3 thus points a pivotal role for total energy
intake, which may serve as a conceivable explanation for most intergroup
nutrient intake differences.

When comparing mean nutrient intakes to the daily nutritional goals
specified in the DGA (Tables 2 and 3), both males and females failed to
meet the majority of recommendations. The most evident discrepancies
were found for fiber, saturated fatty acid intake, and numerous
micronutrients, including calcium, magnesium, potassium and sodium.
Likewise, the mean intakes of vitamins A, E and D in both sexes was below
the recommended daily intake.

Nutrient based diet quality metrics were then calculated for
individuals eating at community/senior centers and contrasted to the

Macronutrient and fiber intake in community/senior center eaters in comparison to the general population and in comparison to the Dietary Guidelines for Americans

(2020-2025).

i Gener?I Community/Senior Community/Senior source of DGA M DNG Community/Senior DGAF DNG
Nutrient population center eaters p* center: males Goal 51+ met? center: females 514 met? p**
n =5840 n=421 n=182 ) n=239 )
Energy intake 1872.61 [1841.16- 1733.14 [1652.37- 1915.73 [1785.95- 1633.89 [1530.30-
(kcal/d) 1904.05] 1813.92] 0.004 2045.51] 2000 v 1737.49] 1600 T <0.001
. 16.00 [15.77- 15.29 [14.75-15.84] 15.54 [14.56- 15.16 [14.40-
0, - -
Protein (% kcal) 16.23] 0.021 16.53] AMDR 10-35 15.92] 10-35 0.571
Protei 73.13 [71.81- 65.05 [61.73-68.37] <0.001 73.27 [66.78- RDA 56 PN 60.59 [55.64- 6 PN 0.008
rotein (g) 74.46) - 79.76] 65.53] -
Carbohydrate (% 48.34 [47.85- 50.76 [49.62-51.89] 48.58 [46.04- 51.94 [50.52-
keal) 48.84] <0.001 51.13) AMDR 45-65 53.35) 45-65 0.041
223.92 [219.40- 216.59 [205.72- 227.30 [211.96- 210.77 [197.57-
Carbohydrate (g) 228.44] 227.46] 0.248 242.65] RDA 130 T~ 223.97] 130 T~ 0.069
. 17.05 [16.58- 15.42 [14.15-16.70] 17.02 [14.40- 14g/1000 14.56 [13.32-
Fiber (g) 17.51] 0.019 19.64] keal 28 N2 15.79] 22 N2 0.008
- 34.69 [34.32- 34.51 [33.49-35.53] 35.66 [33.49- 33.88 [32.81-
0y - -
Total lipid (% kcal) 35.06) 0.701 37.84] AMDR 20-35 T 34.96] 20-35 0.160
Saturated Fatty 11.19 [11.04- 11.21 [10.73-11.69] 11.74 [11.08- 10.92 [10.26-
Acids (% keal) 11.34] 0.942 12.41) DGA <10 T 11.59] <lo [ 0.103
18:2 Linoleic acid 15.24 [14.80- 14.24 [13.00-15.48] 15.78 [13.62- 13.40 [11.97-
() 15.69] 0.169 17.95] Al 14 T 14.83] 11 T 0.059
3L i i 1.67 [1.60-1.74 1.62 [1.44-1. 1. 1.54- 2.44 1.42 [1.28-1.
18:3 Llnfglinlc acid 67 [1.60 ] 62 [ 80] 0.596 99 [1.5 ] Al 16 o [1.28-1.56] 11 o 0.019

Data presented as means [95% confidence interval]; significant p-values in bold. p* = indicates differences between the general population and NHANES participants
eating at community/senior centers; p** = indicates differences between male and female NHANES participants eating at community/senior centers. AMDR =
Acceptable Macronutrient Distribution Range, RDA: Recommended Dietary Allowance, Al = Adequate Intake (based on the Dietary Guidelines for Americans [14]). DNG

= Daily Nutritional Goals. %kcal refers to the percentage of total energy intake.
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Table 3
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Micronutrient and vitamin intake in community/senior center eaters in comparison to the general population and to the Dietary Guidelines for Americans (2020-2025).

) Genera.\l Community/Senior N Community/Senior source of DGA M DNG Community/Senior DGAF DNG "

Nutrient population center eaters p center: males Goal 51+ met? center: females 51+ met? P

n =5840 n=421 n=182 ) n=239 }

Calcium (mg) 877.87 [852.81- 820.19 [773.33- 0.042 904.88 [818.48- RDA 1000 . 774.15 [710.32- 1200 v 0.030

alum {me 902.93] 867.06] - 991.29] 837.99] -
14.12 [13.73- 13.82 [12.79-14.86] 16.23 [13.97- 12.51 [11.34-

Iron (mg) 14.50] 0.566 18.48] RDA 8 9P 13.69] 8 a» 0.007
M jum (mg) 288.08 [281.52- 256.65 [242.91- <0.001 286.43 [257.79- RDA 420 v 240.47 [225.71- 320 v 0.005

cgnesium (me 294.63] 270.39] - 315.06] 255.22] -

1254.64 [1230.12- 1147.97 [1098.21- 1285.18 [1193.10- 1073.38 [1001.52-
Phosphorus (mg) 1279.16] 1197.72] 0.001 1377.27] RDA 700 1 1145.24] 700 P 0.002
. 2639.28 [2588.17- 2418.53 [2323.50- 2689.59 [2526.59- 2271.19 [2154.88-

Potassium (mg) 2690.39] 2513.56) <0.001 2852.59)] Al 3400 N 2387.50] 2600 N2 <0.001
Sodium (mg) 3123.33 [3064.83- 2887.45 [2682.65- 0.030 3254.77 [2909.12- CDRR 2300 S 2687.79 [2467.09- 2300 N 0.004
ocium {me 3181.82] 3092.26] - 3600.43] 2908.50] -

i 10.44 [10.22- 10.14 [9.33-10.96] 12.52 [10.55- 8.85 [8.07-9.63]

Zinc (mg) 10.66) 0.479 14.49] RDA 11 a» 8 T 0.001
o 677.27 [611.32- 666.48 [596.80- 801.56 [649.16- 593.05 [514.09-

Vitamin A (mcg RAEd) 743.23] 736.16] 0.818 953.97] RDA 900 N2 672.01] 700 N2 0.024
Vitamin € (mg ATd) 8.26 [7.97-8.54] 8.27 [7.28-9.25] 0.983 10.43 [8.54-12.32] RDA is v 7.10 [6.26-7.93] 1s v <0.001

o 190.36 [182.13- 192.77 [170.29- 218.14 [183.35- 178.98 [151.52-

Vitamin D (1UDd) 198.60] 215.24] 0.860 252.92] RDA 600 J 206.43] 600 N2 0.072
o 82.39 [78.37- 80.08 [69.66-90.49] 93.80 [77.80- 72.62 [63.02-

Vitamin C (mg) 86.41] 0.665 109.80] RDA 90 P 82.21) 75 N2 0.003
Thiamin (mg) 1.51 [1.47-1.55] 1.45 [1.37-1.54] 0.210 1.70 [1.54-1.86] RDA 15 S 1.32 [1.21-1.43] . S <0.001

Riboflavin (me) 2.05 [1.99-2.11] 1.9 [1.80-2.03] 0.043 2.31 [2.12-2.51] RDA 13 PN 1.70 [1.59-1.80] 1 PN <0.001

. 22.52 [21.96- 20.51 [19.20-21.81] 24.60 [22.43- 18.28 [16.59-

Niacin (mg) 23.09] 0.003 26.77] RDA 16 gp 19.98] 14 P <0.001
Vitamin B-6 (mg) 1.88 [1.83-1.93] 1.76 [1.64-1.88] 0.051 2.19 [1.95-2.43] RDA 17 PS 1.53 [1.41-1.65] s S <0.001
o 4.91 [4.41-5.40] 4.46 [4.09-4.83] 5.48 [4.68-6.27) 3.91 [3.53-4.28]

Vitamin B-12 (mcg) 0.167 RDA 24 P 2.4 ™ <0.001
) 311.32 [304.57- 282.43 [266.89- 325.75 [295.98- 258.88 [240.23-

Choline (mg) 318.07] 297.96] 0.002 355.52] A 330 v 277.53] 42 v | <0001
Vitamin K 126.08 [108.96- 105.74 [88.65- 0.087 128.19 [91.15- A 120 P 93.53 [76.53- % S 0.097

ftamin K (meg) 143.20] 122.83] : 165.24] 110.54] :

Folat oFed 169.57 [161.88- 164.25 [145.31- 0578 200.64 [163.92- RDA 200 v 144.48 [125.29- 200 v 0.006

clate e 177.26) 183.20] : 237.35) 163.66) -

Data presented as means + [95% confidence interval]; significant p-values in bold. p* = indicates differences between the general population and NHANES participants
eating at community/senior centers; p** = indicates differences between male and female NHANES participants eating at community/senior centers. CDRR = Chronic
Disease Risk Reduction, RDA: Recommended Dietary Allowance, Al = Adequate Intake (based on the Dietary Guidelines for Americans [14]). DNG = Daily Nutritional

Goals.

general population. A crude (not energy-adjusted) analysis suggested no
significant differences between both groups (Table 4). Overall, diet
quality in NHANES participants aged 60 or older appeared pale with
regard to the average FNI results (approximately 60/100 total points).

In light of the substantial between group differences in many
sociodemographic aspects and total energy intake, we also ran a sex-
specific multivariate regression model for the FNI, adjusting for race/

ethnicity, education, income, marital status, alcohol intake, smoking
status and total energy intake. Predictive margins (adjusted sex-specific
predictions) for the FNI in males and females based on these models are
shown in Fig. 1. Eating at community/senior centers was associated with
a significantly higher predicted FNI in males (AFNIL: +4.08 [CL: 0.87-
7.29], p = 0.014), whereas no significant differences were found for
females. The lowest predicted values were found for Non-Hispanic Black

Table 4

Diet Quality Score (DQS) and Food Nutrient Index (FNI) in community/senior center eaters by sex.
Nutrient Index Male general population n = 2906 Male community/senior center eaters n = 182 p*
DQS 10.63 [10.45-10.82] 10.16 [9.68—-10.65] 0.056
FNI 62.36 [61.37—-63.34] 62.14 [58.83—-65.45] 0.898
Nutrient Index Female general population n = 2934 Female community/senior center eaters n = 239 p*
DQS 9.87 [9.61-10.12] 9.92 [9.45-10.40] 0.840
FNI 60.21 [59.07-61.35] 59.35 [56.79-61.92] 0.599

Data presented as means [95% confidence interval]; significant p-values in bold. p*

eating at community/senior centers.

= indicates differences between the general population and NHANES participants
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Fig. 1. Marginsplots: Predictive margins for the food nutrient index in males (top row) and females (bottom row).

Plot of marginal predicted values based on multivariable regression model adjusting for race/ethnicity (categorical), education (categorical), income (categorical),
marital status (categorical), alcohol intake (categorical), smoking status (categorical) and total energy intake (continuous). a = predictive margins by community center/
senior center meal category (no/yes) in males. b = plot of marginal predicted values, illustrating differences in the relationship of the FNI and community center/senior
center meal category (no/yes), depending on race/ethnicity in males. ¢ = predictive margins by community center/senior center meal category (no/yes) in females. d =
plot of marginal predicted values, illustrating differences in the relationship of the FNI and community center/senior center meal category (no/yes), depending on race/

ethnicity in females.

males, who had a significantly lower FNI when compared to Non-Hispanic
Whites (Fig. 1). Comparable figures for the DQS are presented in
Supplementary Figure S2.

The marginal predictive values presented in Fig. 1 thus suggest sex-
specific differences when it comes to the potentially beneficial effects of
community/senior center meals, which apparently have a more
pronounced and significant effect in males.

4. Discussion

Using NHANES data from n = 6261 participants, we investigated
whether eating at community/senior centers was associated with an
improved nutritional status in comparison to the general population.

Our results suggest that eating at community/senior centers does not
necessarily result in a better diet quality when compared to the general
population. Very few between group differences were found after
adjustments for energy intake, with limited clinical relevance. When
adjusting for other potentially relevant covariates, however, we
identified sex-specific differences when it comes to the potentially
beneficial effects of community/senior center meals. The latter
apparently had a significant effect in males, who yielded higher FNI
scores when compared to males from the general population. Of note, this
effect was not observed in women.

Due to the cross-sectional nature of our study, one may only speculate
about the reasons for this observed phenomenon. As summarized by

Keller et al., men are less likely to cook a range of meals and more likely to
choose foods that are generally easy to prepare when compared to women
of the same age group [39,40]. In general, the majority of food shopping
and cooking duties in the United States is still performed by women, and
older men in particular may simply not possess the skills and practical
knowledge to prepare meals [41-43]. It is thus not inconceivable that
they benefit from community/senior center meals in a different way than
women, who have the routine to prepare home-cooked meals on a daily
basis.

Apart from cooking and food shopping, annual household income and
financial resources in older adults could also play a role [44,45]. The
number of participants with an annual household income < $20000 was
substantially higher in those eating at community/senior centers in our
study, and it is also possible that these individuals may simply not be able
to afford nutrient-dense meals on a daily basis. Food insecurity is a topic of
public health concern in older adults in the US, and community/senior
center meals may alleviate some of the daily burden imposed on affected
individuals [45]. Notably, food insecurity in older adults in the U.S. was
shown to affect women disproportionally, and may thus not explain the
sex-specific differences encountered here [46,47].

The reasons for the potential sex-specific differences are likely more
complex and multifactorial. A cross-sectional (exploratory) study might
not be suitable to answer this question, which goes beyond the scope of
this analysis. The fact that no differences were found between the female
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general population and those eating at community/senior centers does
explicitly not imply that senior/community meals are of little value to
older women.

To the contrary, we examined only a single outcome dimension in this
article (nutrient exposure). Senior/community centers serve numerous
other important purposes not considered here, such as psychological well-
being, lower levels of depression and supportive friendships associated
with senior/community centers [13,48,49].

Thus, our preliminary conclusion on benefits of community/senior
center meals confined to older men applies only for the nutrition
dimension. It is likely that community/senior center meals may have
favorable (socio-psychological) effects on older women, as well, which
may go beyond nutrient exposure. Future studies will be necessary to
examine this.

To the best of our knowledge, we are the first group to examine
nutrient exposure associated with community/senior center meals using
US population-based survey data. For this analysis, the Strengthening the
Reporting of Observational Studies in Epidemiology reporting guideline
was followed and is available as a supplementary file (Supplementary
Table S4) [50].

This analysis also has several limitations worth mentioning. Cross-
sectional in nature, our study does not allow for any causal inferences.
Dietary data may be subject to recall and reporting bias. Eating at
community/senior centers was self-reported, and thus also subject to bias.
Finally, the most important limitation may be that NHANES provided no
“frequency variable” on the number of community/senior center meals
consumed per week. We transparently acknowledge this important
aspect, which would have greatly enhanced this analysis. While the
question is framed to imply a certain regularity, it is hypothetically
possible that participants who tried community center meals a few times
(e.g., due to curiosity) were captured with this variable, as well. As the
question included adult day care, as well, we considered it to imply a
rather regular phenomenon. In this regard, the study must be viewed with
caution and confirmatory studies will certainly be required. In general,
the combination of the aforementioned community center meals variable
with the 24-h-dietary recalls is not indicative of the diet quality of the
meals received at community centers. Then again, our approach appeared
to be the most feasible one with regard to the NHANES data structure, and
the observed adjusted predictions are generally in line with several
aspects of the literature as discussed earlier. The fact that individuals had
to be excluded for missing data (mostly alcohol intake data) is another
weakness of this study and may compromise its representativeness,
however, we still deem the sample size large enough to compute reliable
weighted proportions. As such, we believe that our study adds to the
literature and lays the basis for future confirmatory studies. For future
studies, it will be very important to consider clinical outcomes in the
context of community center meals. For example, it would be important to
investigate whether the sex differences observed in our study correlate
with other established and widely used nutritional screening and
assessment tools. One example could be the Mini Nutritional Assessment
(MNA) [51]. Here, it would be interesting to see whether lower diet
quality scores translate into lower MNA scores in the context of our study.
Regrettably, the complete set of variables necessary to complete the MNA
were not available in the NHANES; thus we were unable to include said
outcome here.

5. Conclusions

Community/senior centers play a pivotal role in supporting older
adults as they age, and frequently offer meal and nutrition programs. Our
analysis suggests that eating at community/senior centers was associated
with an improved nutrient exposure in older men, whereas no better diet
quality was found in women (when compared to the general population).
Confined to the dimension of nutrient exposure, our study did not
consider other (beneficial) dimensions of community/senior center
services and programs. Future studies are required to confirm our results.
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