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Abstract
Objective: To evaluate total usual intakes and biomarkers of micronutrients, overall
dietary quality and related health characteristics of US older adults who were
overweight or obese compared with a healthy weight.
Design: Cross-sectional study.
Setting: Two 24-h dietary recalls, nutritional biomarkers and objective and subjec-
tive health characteristic datawere analysed from theNational Health andNutrition
Examination Survey 2011–2014. We used the National Cancer Institute method to
estimate distributions of total usual intakes from foods and dietary supplements
for eleven micronutrients of potential concern and the Healthy Eating Index
(HEI)-2015 score.
Participants: Older adults aged ≥60 years (n 2969) were categorised by sex
and body weight status, using standard BMI categories. Underweight individuals
(n 47) were excluded due to small sample size.
Results: A greater percentage of obese older adults compared with their healthy-
weight counterparts was at risk of inadequate Mg (both sexes), Ca, vitamin B6

and vitamin D (women only) intakes. The proportion of those with serum
25-hydroxyvitamin D < 40 nmol/l was higher in obese (12 %) than in healthy-
weight older women (6 %). Mean overall HEI-2015 scores were 8·6 (men) and
7·1 (women) points lower in obese than in healthy-weight older adults. In addition,
compared with healthy-weight counterparts, obese older adults were more likely
to self-report fair/poor health, use≥ 5medications and have limitations in activities
of daily living and cardio-metabolic risk factors; and obese older women were
more likely to be food-insecure and have depression.
Conclusions: Our findings suggest that obesity may coexist with micronutrient
inadequacy in older adults, especially among women.
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The older adult population is growing rapidly. Those
≥ 65 years currently represent approximately 15% of the
US population and are projected to account for 21%
in 2030, especially as ‘Baby Boomers’ (those born from
1946 to 1964) enter this life stage(1,2). Among older adults
≥60 years, the prevalence of obesity has also increased from

31% in 2003–2004 to 35% in 2011–2012(3) and reached 41%
in 2015–2016(4). Obesity, especially among older adults, is of
concern because it is associated with an increased risk of
diet-related chronic diseases and disability(5,6).

Adults who are obese or overweight are often assumed
to consume more energy and nutrients than they require,
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but they often have inadequate intakes as well as subopti-
mal levels of biomarkers for some micronutrients(7–10).
Older adults who undergo age-associated changes in
appetite, absorption and metabolism may have different
patterns of nutrient inadequacy compared with younger
counterparts(11). Several regional studies in the US have
found that a substantial proportion of older adults, pre-
dominantly overweight or obese, are at nutrition risk(12,13),
raising awareness of the importance of identifying nutrition
risks in overweight or obese older adults. However, to our
knowledge, few studies have examined micronutrient
status of US older adults who are obese or overweight using
nationally representative data(14). As suboptimal micronu-
trient status can pose threats to older adults’ health and
quality of life(11,15–17), identifying unique nutritional risk
in obese or overweight older adults is important to inform
nutritional intervention strategies.

Therefore, in this study, using data from community-
living older adults in the National Health and Nutrition
Examination Survey (NHANES) 2011–2014, we assessed
micronutrient status (including total usual micronutrient
intakes from diet and supplements and selected nutritional
biomarkers), overall dietary quality and related socio-
demographic and health characteristics among those
who were overweight or obese and compared our findings
with those with a healthy weight.

Methods

Survey description
NHANES is a nationally representative, continuous,
cross-sectional survey of non-institutionalised civilian US
residents that uses a complex, stratified, multistage
probability sampling design. Detailed descriptions of the
survey design and operations are available elsewhere(18,19).
Briefly, data collection occurred in three phases. Phase I
included a household interview where socio-demographic
and health-related information was collected using a
Computer-Assisted Personal Interview system. Phase II
occurred approximately 3 weeks following the household
interview and included a health examination in the Mobile
Examination Center, consisting of anthropometric mea-
surements, physical examination, laboratory tests and an
in-person 24-h dietary recall. Lastly, Phase III included a
second 24-h dietary recall via telephone approximately
3–10 d after the health examination.

Our analytic sample combined data from the 2011–2012
and 2013–2014 NHANES cycles, the most recent
survey years available for dietary supplement use data.
During these cycles, Hispanics, non-Hispanic blacks
and non-Hispanic Asians were over-sampled. Of the
3068 participants ≥60 years who provided at least one
reliable 24-h dietary recall, we excluded participants
who were missing body weight or height information
(n 52) and those who had BMI (kg/m2) < 18·5 (n 47)

due to small sample size. Underweight individuals had
different socio-demographic and health-related character-
istics than healthy-weight individuals in our preliminary
analysis; therefore, they were not combined with healthy-
weight individuals. Finally, our analytical sample was
2969 older adults. Sample sizes varied among characteris-
tics of interest because certain variables (e.g. depression
and low bone mass) were only collected among a subset
of study participants.

Anthropometric, socio-demographic and
health-related characteristics
Weight and height were collected by trained health techni-
cians during the health examination in theMobile Examina-
tion Center. BMI was calculated as weight (kg) divided by
height squared (m2). Body weight status was classified as
follows: healthy weight (BMI 18·5–24·9 kg/m2), overweight
(BMI 25–29·9 kg/m2) and obese (BMI≥ 30 kg/m2)(20).

Self-reported race and Hispanic origin were categorised
as non-Hispanic white, non-Hispanic black, non-Hispanic
Asian, Hispanic and other races as defined in the NHANES
protocol. The ‘other’ race group was included in the total
estimates but not reported separately. Educational attain-
ment was categorised as less than high school, high school
diploma or general equivalency diploma, some college or
associate degree, and college graduate or above. The fam-
ily poverty–income ratio is a ratio of annual family income
to the poverty guideline established by the Department of
Health and Human Services(21). We categorised family
poverty–income ratio as ≤130, 131–350 and >350 %
because family poverty–income ratio ≤ 130 % is used as a
cut-off to determine financial eligibility for federal assis-
tance programmes such as the Supplemental Nutrition
Assistance Program(22). Supplemental Nutrition Assistance
Programparticipation statuswas collected at the household
level and categorised as participating if the household par-
ticipated in Supplemental Nutrition Assistance Program in
previous 12 months. Older adults were further asked
whether they received community/government meals
delivered to home (e.g. Meals on Wheels) and whether
they ate meals at a senior/community centre, which we
combined into one variable, government/community meal
participation, and dichotomised as yes or no. Adult food
security status was measured using the ten adult-specific
items of the U.S. Food Security Survey Module(23). Based
on the number of affirmative responses, a dichotomous
adult food security variable was constructed as food-secure
(<3) or food-insecure (3–10).

A self-reported rating of overall health, asked via a single
question in the Current Health Status questionnaire,
was used in this analysis; five response categories were
collapsed into three categories as either excellent/very
good, good or fair/poor(24). Self-rated overall oral health
condition was also measured by a single item in the Oral
Health questionnaire: ‘Overall, how would you rate the
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health of your teeth and gums?’ Responses were classified
in the same manner as self-rated overall general health
condition (i.e. excellent/very good, good or fair/poor).
Depression was assessed using the Patient Health
Questionnaire-9, a nine-item screening instrument that
asks the frequency of depression symptoms over the past
2 weeks(25). A total score is based on the sum of the points
in each item; a score of ≥10 represented depression.
Participants who had missing data on one or more item
were not included in the analysis for depression.

Polypharmacy was defined as taking five or more
prescription medications during the 30-d period prior to
the household interview(26). Impairment in activities of
daily living and instrumental activities of daily living was
defined as having any form of difficulty with the following
activities: getting in or out of bed; using fork, knife and cup;
walking between rooms on same floor; dressing; preparing
meals; managing money or doing house chores(27).
Osteoporosis and low bone mass were determined based
on the femoral neck bone mineral density using the WHO
criteria: osteoporosis was defined as a T-score ≤ −2·5 and
low bone mass as a T-score between −1·0 and −2·5(28).
Bone mineral density information was only available in
2013–2014. We identified cardio-metabolic risk factors as
present based on the criteria for metabolic syndrome
components: (1) elevated waist circumference (≥88 cm
for women and ≥102 cm for men), (2) elevated blood
pressure (systolic ≥130 mm Hg or diastolic ≥85 mmHg or
both) or antihypertensive drug treatment, (3) elevated
TAG (≥150 mg/dl) or drug treatment for elevated TAG,
(4) reduced HDL-cholesterol (<40 mg/dl for men and
<50 mg/dl for women) or drug treatment for reduced
HDL-cholesterol and (5) elevated fasting glucose
(≥100 mg/dl) or drug treatment for elevated glucose(29).

Dietary assessment and estimation of usual
intake distribution
The two 24-h recalls collected by trained NHANES inter-
viewers probed participants on their consumption of foods
and beverages as well as dietary supplements using the
USDA’s Automated Multiple-Pass Method(30). Daily intakes
of nutrients from foods/beverages and dietary supplements
were calculated using USDA’s Food andNutritionDatabase
for Dietary Studies and NHANES Dietary Supplement
Database, respectively. We examined selected micronu-
trients that were identified as ‘under-consumed nutrients’
by the Dietary Guidelines for Americans(31) and/or that
older adults may have increased risk of inadequacy
for(32,33): Ca (mg), Mg (mg), Zn (mg), vitamin A (retinol
activity equivalents; mcg), folate (dietary folate equivalent;
mcg), vitamin B6 (mg), vitamin B12 (mcg), vitamin C (mg),
vitamin D (mcg) and vitamin E (α-tocopherol equiva-
lents; mg).

Detailed information on dietary supplement use in
the previous 30-d was collected during the household

interview. For each dietary supplement reported, partici-
pants were asked to show containers to the trained
interviewers (i.e. a product inventory) and to report infor-
mation on the consumption frequency, the duration and
the amount taken. If a participant used any dietary supple-
ments during the 30-d period, the participant was classified
as a supplement user.

The distributions of usual micronutrient intakes from
foods alone and total intakes (i.e. foods and dietary
supplements) were estimated using an adaptation of the
National Cancer Institute method that produces means
and standard errors and percentages of those meeting or
exceeding the Dietary Reference Intakes established by
the National Academies of Science, Engineering, and
Mathematics, including % <estimated average requirement
(EAR), % >adequate intake (AI) and % >tolerable upper
intake level (UL). Briefly, an adaptation of the National
Cancer Institute method used in this analysis can incorpo-
rate information about dietary supplements(34); the nutrient
intake from dietary supplements was added to the usual
nutrient intake from foods to estimate total usual nutrient
intake. These macros were previously used in the
NHANES analysis by Bailey et al.(35) Covariates in the usual
intake models included day of the week of recalled day
(Monday–Thursday v. Friday–Sunday), interview sequence
of the dietary recall (first v. second) and dietary supplement
use (yes v. no). Because vitamins A and E intakes from
dietary supplements are not available in NHANES 2011–
2014, only usual intakes from foods could be determined.
The estimated percentage of individuals with usual intakes
below the EARwas used to indicate the percentage of those
at risk for nutrient inadequacy (i.e. the EAR cut-point
method)(36). For nutrients with an AI (e.g. potassium), the
percentage of individuals with intakes above the AI was
used to estimate the proportion of the group at low risk
of inadequacy. The estimated percentage of individuals
with intakes exceeding the UL indicated the percentage
who are potentially at risk of adverse effects from excess
nutrient intake. The UL for folate apply only to synthetic
forms obtained from supplements and fortified foods (i.e.
folic acid); therefore, % >UL for folic acid was presented.
The %>UL for Mg could not be determined as the UL apply
only to a pharmacological agent that is not reported sepa-
rately in NHANES.

The Healthy Eating Index-2015 (HEI-2015) assesses
the alignment of diets with the Dietary Guidelines for
Americans 2015–2020 and represents overall dietary
quality(37). The thirteen components of the HEI-2015
include total fruits (maximum of five points), whole fruits
(5), total vegetables (5), greens and beans (5), whole grains
(10), dairy (10), total protein foods (5), seafood and plant
proteins (5), fatty acids (10), refined grains (10), Na (10),
added sugars (10) and saturated fats (10); details can be
found in Krebs-Smith et al.(37). Mean HEI-2015 component
and total scores as well as mean total energy intakes were
estimated using the Markov Chain Monte Carlo approach.
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The Markov Chain Monte Carlo method is an extension of
the National Cancer Institute method that enables estima-
tion of usual intake as well as simultaneous modelling of
multiple food groups and nutrients(38,39); the macros are
publicly available(40). The covariates included in the model
were day of theweek and interview sequence of the dietary
recall.

Nutritional biomarkers
Whole-blood and serum samples were analysed at the
CDC’s Laboratory for Nutritional Biomarkers; details on
specimen processing and laboratory methods are described
elsewhere(41,42). Whole-blood folate was measured by
microbiologic assay, and serum folate was determined by
isotope-dilution high-performance liquid chromatography
coupled with tandem MS; erythrocytes folate was then
calculated from the whole-blood folate by adjusting for
erythrocytes volume and serum folate concentration. The
cut-offs for folate deficiency used in the Dietary Reference
Intake report for folate are <7 nmol/l for serum folate and
<305 nmol/l for erythrocytes folate(43) and were also used
in this analysis. Serum vitamin B12 concentrations were
assessed using electrochemiluminescence immunoassay
on Elecsys, and the cut-off for vitamin B12 deficiency was
<150 pmol/l as recommended by the Biomarkers of
Nutrition for Development expert panel(44). Methylmalonic
acid (MMA) serves as a functional measure of vitamin B12

status and reflects vitamin B12 stores. MMA increases when
serum vitamin B12 concentration is low, so >271 nmol/l has
been used as the cut-off for vitamin B12 deficiency(44). Serum
concentrations of MMA were analysed by liquid chroma-
tography with tandem MS after derivatisation with
butanol. As renal insufficiency independently affects
serum MMA(45), we adjusted serum MMA estimates (both
mean concentration and prevalence of deficiency) for
renal function. Renal function was determined by the
estimated glomerular filtration rate (ml/min per 1·73 m2)
calculated from the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation(46,47) and the
presence of albuminuria, defined by a urinary albumin–
creatinine ratio ≥30 mg/g(48,49). Renal function was cate-
gorised as (1) normal renal function: and no albuminuria;
(2) CKD stages 1–2: estimated glomerular filtration rate
≥ 60 and single assessment of albuminuria and (3) CKD
stages 3–5: estimated glomerular filtration rate < 60 and
single assessment of albuminuria. Vitamin D status was
represented by serum 25-hydroxyvitamin D [25(OH)D],
quantified using ultra-high-performance liquid chroma-
tography-tandem MS. Vitamin D inadequacy was deter-
mined at <40 nmol/l as this concentration is consistent
with the EAR(50). As vitamin D is produced in the skin
by sunlight exposure, we adjusted vitamin D estimates
for the season based on the month when blood was
drawn: winter (November–March) and summer (April–
October). Lastly, although the cut-offs do not differ

between racial and Hispanic origin groups for any
selected biomarkers, some physiological differences by
race and Hispanic origin may affect biomarker levels(51);
thus, we also presented biomarker estimates adjusted
for race and Hispanic origin.

Statistical analysis
Statistical analyses were performed using SAS (version 9.4;
SAS Institute, Inc.) and SAS-callable SUDAAN (version 11;
RTI International) software programmes to account for
the complex survey design by incorporating the NHANES
4-year Day 1 dietary sample weights. Standard errors for
socio-demographic and health-related characteristics and
nutritional biomarkers were constructed using Taylor series
linearisation, and standard errors for HEI-2015 total and
component scores and usual nutrient intakeswere approxi-
mated by Fay’s Modified Balanced Repeated Replication
technique using thirty-two sets of replicate weights. For
mean concentrations and prevalence of deficiency for
MMA and vitamin D, we used logistic regression to estimate
predictedmarginals, adjusted for renal function (MMA) and
season (vitamin D). Satterthwaite-adjusted Wald χ2 tests
were conducted to assess differences in the distribution
of socio-demographic and health-related characteristics
by body weight status within sex at two-sided P-value of
<0·05. Differences in percentages and means regarding
nutrient biomarkers, usual nutrient intakes and HEI-2015
scores by body weight status within sex were tested using
pairwise t tests at a two-sided Bonferroni-adjusted P-value
of <0·016 (i.e. 0·05/3 group comparisons).

Results

Characteristics of older adults by sex and body weight
status are presented in Table 1. Obese older adults were
more likely to be younger (60–69 v. >80 years) and less
likely to be non-Hispanic Asian compared with those with
a healthy weight. Obese older women, in particular, were
more likely to be non-Hispanic Black, have low family
income (i.e. family poverty–income ratio ≤ 130 %) and
participate in Supplemental Nutrition Assistance Program
when compared with healthy-weight older women.
Obese older men were less likely to consume meals
provided from community programmes, senior centres
and/or other government programmes (e.g. Meals on
Wheels) compared with healthy-weight older men. The
prevalence of dietary supplement use was high regardless
of weight status (61–65 % in men and 72–80 % in women).

Both obese older men and women were more likely to
self-report fair/poor overall health, have 3–7 limitations in
activities of daily living and instrumental activities of
daily living and take more than five prescription medica-
tions (i.e. polypharmacy) when compared with those with
a healthy weight (Table 1). Obese older adults also had a
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Table 1 Characteristics of US older adults (≥60 years) in the US by sex and weight status, estimated from National Health and Nutrition Examination Survey 2011–2014

Men (n 1462) Women (n 1507)

Healthy weight
(n 378)

Over-weight
(n 602) Obese (n 482)

Healthy weight
(n 399)

Over-weight
(n 453) Obese (n 655)

% SE % SE % SE P * % SE % SE % SE P

Age
60–69 years 52·9 3·8 55·0 3·0 63·5 2·6 0·004 49·0 2·9 51·7 2·3 58·3 2·3 <0·001
70–79 years 27·4 3·4 30·3 2·8 28·2 2·5 28·6 2·5 28·7 2·6 30·7 2·1
80þ years 19·7 2·8 14·8 1·6 8·3 1·3 22·5 2·1 19·6 1·8 11·1 1·6

Race and Hispanic origin
Non-Hispanic white 72·7 3·3 79·0 2·3 80·8 2·1 <0·001 77·8 2·5 80·2 2·3 72·9 2·6 <0·001
Non-Hispanic black 10·8 1·9 6·7 1·0 8·7 1·6 5·8 1·4 7·2 1·4 14·1 1·9
Non-Hispanic Asian 8·5 1·4 4·0 0·8 0·6† 0·3 9·5 1·4 3·0 0·5 1·4 0·4
Hispanic 6·6 1·4 9·0 1·5 7·4 1·4 4·8 1·1 8·6 1·5 9·5 1·8

Educational attainment
Less than high school 18·3 2·5 16·2 2·0 19·6 3·1 0·14 16·9 2·6 20·2 3·0 17·6 2·2 0·35
High school graduate/GED or equivalent 21·4 4·1 21·1 3·0 17·9 2·2 21·6 2·8 24·0 2·8 25·5 2·1
Some college or associated degree 19·9 2·8 25·3 2·8 33·3 3·5 31·7 2·6 33·7 3·1 35·9 2·9
College graduate or above 40·4 5·2 37·5 4·4 29·2 2·8 29·9 3·7 22·1 2·5 21·0 3·0

Family income
PIR ≤ 130% 16·9 2·3 15·1 2·3 15·4 1·8 0·89 18·4 2·7 21·3 2·4 25·6 2·6 0·045
PIR 131–350% 35·6 3·7 34·4 2·6 37·0 2·1 36·7 2·6 42·4 3·6 41·9 3·2
PIR > 350% 47·5 4·8 50·4 3·2 47·6 2·6 44·9 3·3 36·3 3·4 32·5 3·6

Food-insecurity 7·1 1·7 5·6 1·0 7·2 1·4 0·53 5·3 1·4 6·5 1·2 11·5 1·5 0·009
Community/government meal 8·4 1·7 5·9 1·2 3·1 0·7 0·011 8·1 1·6 10·3 2·0 9·5 1·9 0·58
SNAP participation 9·3 1·7 6·0 1·0 8·9 1·3 0·09 9·2 1·6 9·1 1·6 14·9 1·9 0·006
Any dietary supplement use 61·1 3·8 65·1 2·7 61·8 3·6 0·65 79·8 2·5 79·0 3·0 71·5 2·6 0·065
Self-rated overall health
Excellent/very good 43·4 3·9 46·1 2·4 26·6 2·5 <0·001 51·1 3·7 46·1 2·5 34·2 2·7 <0·001
Good 37·1 3·3 38·4 2·7 45·3 2·3 33·2 3·0 39·2 2·4 38·0 2·4
Fair/poor 19·4 2·8 15·5 1·5 28·1 2·4 15·7 2·8 14·7 1·7 27·8 2·0

Self-rated oral health 0·14 0·32
Excellent/very good 38·5 3·8 44·6 2·7 33·3 2·8 47·3 3·6 41·9 2·8 41·6 2·9
Good 37·1 3·6 35·1 2·1 40·4 4·2 31·1 2·9 37·4 2·9 32·5 2·4
Fair/poor 24·5 3·3 20·3 2·1 26·3 3·4 21·7 3·1 20·8 2·8 25·9 2·4

Depression‡ 8·6 2·8 11·3 2·7 11·0 2·1 0·74 11·0 2·6 7·5 1·6 19·9 2·5 0·001
Functional limitations in ADL and IADL
No difficulty 78·4 3·9 80·1 2·1 71·8 2·6 0·043 73·0 3·7 75·7 2·7 67·3 2·3 0·031
1–2 difficulties 12·5 2·3 13·8 1·9 16·0 2·0 20·6 3·2 17·3 2·6 18·6 2·1
3–7 difficulties 9·1 2·3 6·1 0·9 12·2 1·5 6·4 1·2 7·0 1·2 14·1 1·7

Polypharmacy (n 2517) 31·6 3·7 30·0 2·3 50·2 2·9 <0·001 28·9 3·7 40·4 3·7 51·3 2·3 <0·001
Metabolic risk factors
Elevated waist circumference 3·0† 1·3 57·6 2·5 98·9 0·7 <0·001 33·6 3·3 92·2 1·7 100·0 0·0 <0·001
Elevated blood Pressure 66·9 4·1 74·2 2·8 85·7 1·8 <0·001 64·9 3·9 79·4 2·3 81·3 1·7 <0·001
Elevated TAG 40·2 4·1 61·0 3·4 68·8 2·9 <0·001 46·9 3·1 58·6 3·0 60·8 3·0 0·007
Reduced HDL 40·9 3·9 66·0 3·2 69·1 2·8 <0·001 40·2 3·3 62·0 3·0 66·2 2·8 0·002
Elevated fasting glucose 52·7 5·1 65·8 4·6 78·7 2·6 <0·001 44·4 4·6 58·0 3·7 69·2 2·5 <0·001

Bone health§
Low bone mass 45·9 5·1 32·4 3·7 25·3 4·1 0·010 61·6 4·1 59·8 3·4 54·4 5·6 0·49
Osteoporosis 6·6 2·6 1·5 0·5 2·9 0·4 0·06 18·6 2·1 14·4 2·8 6·1 1·4 <0·001

GED, General Education Development; PIR, family income–poverty ratio; SNAP, Supplemental Nutrition Assistance Program; ADL, activities of daily living; IADL, instrumental activities of daily living.
*P-values are from Satterthwaite-adjusted Wald χ2 test.
†Relative standard error over 40%; estimates may not be statistically reliable.
‡Only those who completed Patient Health Questionnaire (PHQ)-9 were included (n 1843).
§Bone mineral density information was available only in 2013–2014 (n 1305).
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consistently higher prevalence of the five cardio-metabolic
risk factors that comprise metabolic risk syndrome
(i.e. elevated waist circumference, elevated blood pres-
sure, elevated TAG, reduced HDL-cholesterol and elevated
fasting glucose levels). Among older women, the preva-
lence of depression was higher in the obese (20 %) than
in those who were overweight (8 %) or had a healthy
weight (11 %). Meanwhile, obese older men were less
likely to have low bone mass, and obese older women
were less likely to have osteoporosis, compared with their
healthy-weight counterparts.

Obese older adults had lower mean total HEI-2015
scores than healthy-weight older adults; the differences
were largely driven by refined grains and Na in both sexes,
greens and beans and saturated fats in men, and whole
grains in women (Table 2). No significant differences in
mean total energy intake from food sources were observed
across body weight status categories for either men or
women (data not shown).

Based on usual nutrient intakes from foods alone, the
prevalence of inadequate intakes (% <EAR) was higher
in the obese group for Mg (among both men and women),
vitamins C and E (among men only), and vitamin B6 and
vitamin D (among women only) compared with the
healthy-weight group (Table 3). In addition, the percent-
age of thosewith potassium intakes above the AIwas lower
in the obese of both sexes than in the healthy weight. Even
after accounting for nutrients from dietary supplements, a
substantial proportion of older adults (>30 % for at least
one group) were at risk of inadequate intakes for Ca,
Mg, vitamin C and vitamin D (Table 3). Obese older adults
had a higher prevalence of inadequate Mg intakes
compared with their healthy-weight counterparts. Obese
older women were at higher risk of inadequate intakes

for Ca, vitamins B6 and vitamin D than those at a healthy
weight.

Some individuals were at risk of excessive intakes
(i.e. % >UL) for Ca (3–13 %), Zn, vitamin D, folic acid,
vitamin B6 and vitamin C (<7 %) based on their total usual
intakes (Fig. 1). Few differences in % >UL were noted by
body weight status, except that the prevalence of excessive
total Ca intake was higher in older adults who had a healthy
weight than in those who were obese. With respect to
nutrient intakes from foods alone, almost no onewas at risk
of excessive intakes for any of the nutrients examined,
except for Ca in approximately 5 % of men, across body
weight status categories (data not shown).

The percentages of those who had biomarker concen-
trations below recommendations are shown in Table 4.
Notable difference by body weight status was found for
the prevalence of vitamin D insufficiency among women;
the proportion of those with serum 25(OH)D< 40 nmol/l
was higher in obese women (12 %) than in healthy-weight
women (6 %). The difference did not reach the statistical
significance after adjusting for race and Hispanic origin,
but the relative order was preserved (Supplemental
Table 1). The mean concentrations of serum 25(OH)D
were significantly lower in the obese compared with those
with either overweight or a healthy weight among both
older men and women, regardless of adjustment for race
and Hispanic origin. Almost no one was folate-deficient
based on either serum folate or erythrocytes folate, and
the percentage of those with serum vitamin B12< 150 pmol
was also very low (<5 %) across body weight status
categories. The percentage of older adults with
MMA > 271 nmol/l, adjusted for renal function, was signifi-
cantly lower in obese older men (11 %) compared with
healthy-weight older men (19 %).

Table 2 MeanHealthyEating Index-2015 component and total scores of US older adults (≥60 years) by sex andweight status, estimated from
National Health and Nutrition Examination Survey 2011–2014

Men (n 1462) Women (n 1507)

HEI-2015 component
(maximum score)

Healthy weight
(n 378)

Over-weight
(n 602)

Obese
(n 482)

Healthy weight
(n 399)

Over-weight
(n 453)

Obese
(n 655)

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Total fruits (5) 3·0 0·3 2·8 1·2 2·7 0·2 3·6 0·2 3·3 0·2 3·3 0·1
Whole fruits (5) 3·5 0·3 3·5 0·2 3·4 0·3 4·2 0·2 3·9 0·2 3·9 0·2
Total vegetables (5) 3·8 0·1 3·7 0·1 3·7 0·2 4·0 0·1 4·1 0·1 3·9 0·1
Greens and beans (5) 3·7a 0·4 3·1a,b 0·3 2·4b 0·3 3·5 0·3 3·1 0·3 3·1 0·2
Whole grains (10) 4·7 0·5 3·6 0·3 3·5 0·2 4·7 0·5 4·5 0·3 3·5 0·3
Dairy (10) 5·3 0·3 5·8 0·3 5·7 0·3 6·4 0·3 6·4 0·3 6·0 0·3
Total protein foods (5) 4·9 0·02 5·0 0·03 5·0 0·02 4·9 0·04 4·9 0·04 4·9 0·1
Seafood and plant proteins (5) 4·6 0·2 4·4 0·2 4·5 0·2 4·8 0·1 4·5 0·2 4·4 0·2
Fatty acids (10) 6·0 0·5 5·2 0·2 4·9 0·3 5·6 0·5 5·4 0·3 5·2 0·4
Refined grains (10) 7·6a 0·4 6·9a,b 0·3 6·2b 0·3 7·7a 0·3 7·2a 0·4 5·6b 0·3
Na (10) 4·9a 0·4 3·7b 0·3 2·8b 0·3 4·5a 0·3 3·7a,b 0·2 3·4b 0·3
Added sugars (10) 7·4 0·3 7·6 0·3 7·7 0·3 7·6 0·3 7·2 0·2 7·4 0·2
Saturated fats (10) 6·9a 0·5 6·1a,b 0·3 5·2b 0·3 6·3 0·4 5·9 0·3 6·0 0·3
Total score (100) 66·3a 2·3 61·2a,b 1·1 57·7b 1·1 67·7a 1·8 64·0a,b 1·3 60·6b 1·0

a,bMean values within a same row for each sex with different superscript letters were significantly different (P< 0·016).
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Discussion

These nationally representative results indicate that a con-
siderable proportion of older adults with BMI≥ 18·5 kg/m2

were at risk of inadequate total intakes for Ca,Mg, vitamin C
and vitamin D. Obese older adults had similar or even
higher risks of inadequate intakes for all micronutrients
examined compared with those with lower BMI, and this
finding was especially evident amongwomen. Very limited
national estimates are available on total usual micronutrient
intakes of US older adults by body weight status. Given that
dietary supplement use is very high in this population(52),
nutrient intake assessment without including dietary sup-
plements would be incomplete(53–55). Across body weight
status categories, nutrients from dietary supplements not
only contributed to reducing the prevalence of inadequate
intakes for all micronutrients examined but also led to small
increases in the prevalence of excessive intakes among
US older adults. Interestingly, after inclusion of dietary
supplements, fewer differences by body weight status
were observed in older men, but more differences were
observed in older women.

Our results on usual micronutrient intakes from
foods alone are consistent with those from another study
among US adults (≥19 years, men and women combined)
where the obese had higher risks of inadequate intakes for

vitamins A, C, D, and E, Ca, and Mg and lower HEI-2005
scores than those with a healthy weight(56). In this study
among older adults, a greater percentage of the obese
had intakes that did not meet the EAR for Mg (both sexes),
folate and vitamins C and E (men), and vitamins B6 and
D (women) and the AI for potassium (both sexes), when
compared with those of healthy weight. Poorer overall
dietary quality may have contributed to this; obese older
adults had lower scores for total HEI-2015 and its several
components, such as greens and beans (men) and whole
grains (women). Lower scores for moderation components
such as refined grains and saturated fats also raise concerns
about meeting nutrient requirements within energy needs.

It is noteworthy that the prevalence of inadequate Mg
intake was consistently higher in obese older adults than
in healthy-weight peers, regardless of sex and inclusion
of dietary supplements. Although clinical signs of overt
Mg deficiency are rare, inadequate Mg intakes have been
associated with chronic inflammatory response(57) and
several chronic diseases, including CVD, type 2 diabetes
mellitus and neurological disorders(58). Older adults have
lower dietary intakes of Mg than younger adults(55) despite
decreased intestinal absorption and increased urinary
excretion with age(59). This finding indicates that older
adults with obesity may be at particular risk of Mg
inadequacy.

Table 3 Prevalence of intakes less than the estimated average requirement (EAR) or above the adequate intake (AI) among US older adults
(≥60 years) by sex and weight status, estimated from National Health and Nutrition Examination Survey 2011–2014

Men (n 1462) Women (n 1507)

Healthy
weight
(n 378)

Over-weight
(n 602)

Obese
(n 482)

Healthy
weight
(n 399)

Over-weight
(n 453)

Obese
(n 655)

% SE % SE % SE % SE % SE % SE

From food sources alone
Ca (% <EAR) 46·0 2·8 44·0 2·8 42·0 2·9 74·0 3·6 78·0 3·6 82·0 3·5
Mg (% <EAR) 51·0a 2·5 63·7b 2·9 73·9c 2·7 45·7a 4·6 57·4a,b 3·5 64·4b 3·1
K (% >AI) 40·0a 3·0 28·0b 3·1 22·0b 3·4 40·0a 4·3 35·0a,b 3·6 27·0b 2·3
Zn (% <EAR) 23·5 4·2 20·3 4·7 27·2 4·0 17·4 3·9 21·1 4·9 26·6 3·4
Vitamin A (% <EAR) 43·0 3·1 26·0* 14·4 51·0 5·8 27·0 6·4 37·0 3·3 39·0 5·2
Folate (% <EAR) 9·0a,b 2·5 4·0*a 2·0 13·0b 3·2 16·0 3·6 23·0 4·4 22·0 2·8
Vitamin B6 (% <EAR) 12·0 2·3 5·5* 2·7 10·3 3·2 18·2a 4·2 23·0a,b 5·1 33·7b 2·7
Vitamin B12 (% <EAR) 4·4* 2·1 1·1* 0·7 4·4* 1·9 8·0 2·7 4·9* 2·1 7·5 2·7
Vitamin C (% <EAR) 43·7a 2·3 52·9a,b 3·8 56·3b 3·6 37·6 3·9 38·0 3·3 47·1 3·3
Vitamin D (% <EAR) 88·8 2·6 94·8 2·4 94·0 2·1 93·0a 2·1 97·9a,b 0·9 98·6b 0·8
Vitamin E (% <EAR) 67·3a 3·0 77·2a,b 3·8 85·6b 3·4 86·2 3·4 91·4 3·0 91·8 2·4

From total intakes
Ca (% <EAR) 36·0 2·8 33·0 2·3 31·0 2·7 38·0 3·2 44·0a 3·5 56·0b 3·7
Mg (% <EAR) 44·0a 3·0 53·8b 2·6 61·0b 3·0 34·0a 4·3 43·0a,b 3·2 52·6b 3·2
K (% >AI) 41·0a 3·0 29·0b 3·1 24·0b 3·3 42·0a 4·3 36·0a,b 3·5 28·0b 2·3
Zn (% <EAR) 16·4 3·2 14·4 3·5 18·5 3·7 11·0 2·7 12·0 3·0 19·6 2·7
Folate (% <EAR) 7·0 2·1 3·0* 1·7 8·0 2·0 10·0 2·5 12·0 2·8 17·0 2·4
Vitamin B6 (% <EAR) 8·6 2·1 4·6* 2·2 6·0 2·1 12·5a 3·2 13·6a 2·7 22·8b 2·7
Vitamin B12 (% <EAR) 3·0 1·2 1·0* 0·5 3·0* 1·4 4·0 1·0 2·0* 1·0 6·0 2·0
Vitamin C (% <EAR) 29·0 4·4 37·0 3·6 32·0 3·0 24·0a,b 4·0 21·0a 3·1 31·0b 2·3
Vitamin D (% <EAR) 48·0 3·9 53·1 2·8 51·1 3·3 33·0a 3·1 39·4a,b 3·4 49·4b 3·2

*Relative standard error over 40%; estimates may not be statistically reliable.
a,b,cMean values within a same row for each sex with different superscript letters were significantly different (P< 0·016).
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Self-reported dietary data are well-known to include
bias coming from errors inmemory and portion size estima-
tion(60), and obese individuals may under-report their
energy and protein intakes(61). Under-reporting of energy
intakes is also likely to be associated with under-reporting
of nutrient intakes, but much less is known about nutrients
without recovery biomarkers. Biomarkers that are indepen-
dent of reporting bias and may reflect absorption and
metabolism can provide complementary information on
nutritional status.

In accordance with our results on total vitamin D intake,
a greater proportion of older women had inadequate
vitamin D status (i.e. 25(OH)D < 40 nmol/l) than those
with a healthyweight after adjusting for season of specimen
collection. A lower concentration of 25(OH)D in the obese
has been consistently reported among adults of various
ages(7,62–65), although the cause is unknown. Possible
mechanisms include lower dietary intake(66), differential

sun exposure, altered metabolism such as sequestration
in adipose tissue and/or volumetric dilution(67). For
example, Drincic et al. (2012) found that 25(OH)D in
obese individuals was mostly explained by body volume
(i.e. volumetric dilutional model)(68). In addition, physio-
logic differences between races and Hispanic origins
(e.g. skin pigmentation) may contribute to, but not
completely explain, the differences in the prevalence of
inadequate vitamin D status by weight status in women(51).
Whether obese individuals have higher requirements for
vitamin D or need a different 25(OH)D cut-off is yet to
be determined. Moreover, the obese had lower risk of
suboptimal bone mass despite low 25(OH)D concentra-
tions in this and other cross-sectional analyses(65). Further
studies are warranted to determine the best strategies to
achieve optimal vitaminD status among obese older adults.

The prevalence of folate deficiency based on serum and
erythrocytes folate was very low (<2 %) among US older
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Fig. 1 Prevalence of total usual micronutrient intakes above the Tolerable Upper Intake Level (UL) among US older adults
(≥60 years) by sex and weight status, estimated from National Health and Nutrition Examination Survey (NHANES) 2011–2014:
(A) men; (B) women. The UL for folate apply to folic acid, which is a synthetic form obtained from supplements, fortified foods or
a combination of the two. Estimates for vitamins A and E could not be determined as intakes from dietary supplements are not
available in NHANES 2011–2014. a,bMean values within a same row for each sex with different superscript letters were significantly
different (P< 0·016). (A and B) , Healthy weight; , over weight; , obese
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Table 4 Status of US older adults (≥60 years) for selected nutritional biomarkers by sex andweight status, estimated fromNational Health andNutrition Examination Survey (NHANES) 2011–2014

Men (n 1462) Women (n 1507)

Healthy weight
(n 378) Over-weight (n 602) Obese (n 482)

Healthy weight
(n 399) Over-weight (n 453) Obese (n 655)

% or Mean SE % or Mean SE % or Mean SE % or Mean SE % or Mean SE % or Mean SE

Serum 25(OH)D*
% <40 nmol/l 6·9 1·4 5·4 1·3 8·7 2·0 5·6a 1·6 7·0a,b 2·0 11·7b 2·0
Concentration (nmol/l) 81·3a 1·6 78·3a 1·4 72·6b 1·7 93·4a 3·0 87·4a 2·6 78·4b 1·6

Serum folate
% <7 nmol/l 0·1† 0·1 0·0 0·0 0·0 0·0 0·0 0·0 0·2† 0·2 0·1† 0·1
Concentration (nmol/l) 56·5 2·9 51·3 1·3 52·8 2·5 65·1a 1·9 67·9a 2·7 56·0b 1·7

Erythrocytes folate
% <305 nmol/l 1·7† 1·4 0·1† 0·1 0·0 0·0 0·7† 0·5 0·1† 0·1 0·1† 0·1
Concentration (nmol/l) 1323a 53 1335a,b 33 1464b 42 1432a 34 1586b 44 1496a,b 44

Serum vitamin B12

% <150 pmol/l 2·7a† 1·1 4·3a 1·3 3·4a† 1·7 1·0a† 0·7 2·5a,b 0·9 3·2b 0·8
Concentration (pmol/l) 513·7 35·7 435·8 13·2 422·6 17·1 630·4 37·5 562·0 25·7 560·6 53·3

Serum MMA‡
% >271 nmol/l 19·3a 3·0 12·9a,b 2·5 11·1b 2·1 14·8 2·1 12·0 1·5 15·8 2·4
Concentration (nmol/l) 210·2 13·1 201·0 7·4 195·3 11·4 198·0 7·4 185·6 6·3 204·0 10·6

25(OH)D, 25-hydroxyvitamin D; MMA, methylmalonic acid; CKD, chronic kidney disease.
*Adjusted for season (winter or summer).
†Relative SE over 40%; estimates may not be statistically reliable.
‡Adjusted for renal function (normal, CKD stages 1–2, and CKD stages 3–5).
a,bMean values within a same row for each sex with different superscript letters were significantly different (P< 0·016).
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adults, but the prevalence of inadequate total folate intake
was 3–8 % in men and 10–17 % in women; this discrepancy
has been previously documented(69). Mean serum folate
concentration was lower in obese women ≥60 years than
in those with a healthy weight, as were reported by studies
on women of various ages(7,70–72). Our finding also
adds evidence on a positive relation between BMI and
erythrocytes folate in older adults, which was previously
observed in younger adults 19–50 years but not in those
> 50 years(70). Our estimates indicate that a considerable
proportion of older adults (11–19 %) had vitamin B12

deficiency based on serum MMA concentrations.
However, it should be noted that serum MMA concentra-
tions increase with age even in those with replete vitamin
B12 status and normal renal function and age-specific
MMA reference ranges were suggested recently(73). In this
analysis, vitamin B12 deficiency based on serum MMA was
more common in obese older men than in healthy-weight
counterparts after adjusting for renal function, whereas
some studies have suggested an inverse association
between serum B12 concentrations and BMI(74,75). Further
investigation is needed to determine the relationship of
serum B12 and MMA concentrations with BMI.

Many factors can influence nutritional health. Shlisky
et al.(76) identified frailty; age-related disease; and socio-
logic, biological, and cognitive issues as negative factors
and social support and economic status; healthcare; and
diet resilience (i.e. ability to adapt strategies to maintain
a high-quality diet despite challenges) as positive factors
that influence nutritional health for healthy ageing. Our
results suggest that older adults who are overweight or
obese have poorer health subjectively as well as objec-
tively, represented by cardio-metabolic risk factors and
polypharmacy, comparedwith thosewith a healthyweight.
Whether micronutrient inadequacy increased the risk of
obesity-related chronic diseases needs further investiga-
tion(77). Among older women, body weight status was
associated with depression, lower family income and food
insecurity; taken together, these data suggest that obese US
older women, in particular, may be at nutritional risk.

The findings of this study should be interpreted cau-
tiously with several limitations in mind. As mentioned
above, overweight/obesity status has been associated with
under-reporting for 24-h recalls(60,61). To reduce the
measurement error, NHANES employs the state-of-the-art
instrument for dietary intake assessment, the Automated
Multiple-Pass Method(78), and staffs review the reliability
of each recall. In addition, data on longer-term dietary
supplement use (the prior 30 d) collected from dietary
supplement questionnaire in tandem with an in-home
inventory were combined with data from 24-h recalls.
We also presented biomarker data to complement self-
report dietary data, but biomarkers examined in this study
are concentration biomarkers that can be affected by
personal characteristics, and cut-offs can be arbitrary and
vary even for the same biomarker(79). Lastly, BMI may

not always reflect body composition, which is particularly
challenging in older adults due to age-related changes in
lean body mass, body fat and height(80). The strengths
of this study include the nationally representative sample
of community-dwelling older adults and estimation of
distributions of usual intakes of nutrients and usual HEI-
2015 scores.

In conclusion, comprehensive information on anthropo-
metric, clinical and dietary intake suggests that obesity in
older adults coexists with micronutrient inadequacies.
Older adults with obesity had similar or higher risk of inad-
equate intakes for some micronutrients (e.g. Mg in both
sexes, and Ca, vitamin B6, and vitamin D in women only),
higher prevalence of vitamin D inadequacy based on serum
25(OH)D concentrations and lower overall dietary quality,
compared with those with a healthy weight. Moreover,
obese older adults were more likely to self-report poor
health, take more medications and have multiple functional
limitations and cardio-metabolic risk factors, all of which
can increase nutritional risk. Obese older adults should be
particularly careful to meet micronutrient recommendations
by choosing a nutrient-dense diet and/or judicious use of
dietary supplements when food sources of nutrients alone
are not enough.
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