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ABSTRACT

Background: Age-related declines in taste and smell function are widely assumed to contribute to the decrease in
appetite and the development of undernutrition in older adults.

Objectives: Here we aim to assess the associations of both taste and smell function with several nutrition-related
outcomes in a single study, with poor appetite and undernutrition as primary outcomes.

Methods: This is a cross-sectional cohort study of 359 community-dwelling Dutch older adults, aged 65-93 y. Taste
function was measured for all 5 basic tastes. Smell function was assessed with 3 tests: for odor identification,
discrimination, and threshold. Self-reported taste and smell, appetite, energy (kcal/d) and macronutrient (% energy)
intake, and covariates were assessed with extensive questionnaires. Dietary quality was calculated using the Dutch
Healthy Diet index 2015, Alternative Healthy Eating Index 2010, and Mediterranean Diet Score. Body measurements
included body weight (current and 2 y prior), height, and body impedance analysis. Data were analyzed via multiple
logistic and linear regression.

Results: Of our sample, 9.2% had poor taste and 17.0% poor smell, 6.1% had poor appetite, and 21.4% were
undernourished. Self-reported poor taste (OR: 8.44; 95% Cl: 1.56, 45.56; P = 0.013) was associated with poor appetite,
but no other taste or smell score was associated with either poor appetite or undernutrition. Some associations were
found of individual taste and smell scores with macronutrient intake and dietary quality. Self-reported poor taste and
smell were both consistently associated with poorer dietary quality.

Conclusions: In community-dwelling older adults, specific taste and smell impairments may have diverse
consequences for appetite, food intake, or dietary quality. However, this does not necessarily result in undernutrition.
The consistent associations of self-reported poor taste and smell with poor dietary quality do underline the usefulness
of this information when screening for nutritional risk. J Nutr2021;151:605-614.

Keywords: gustatory function, olfactory function, appetite, undernutrition, macronutrient intake, dietary quality,
older adults

Introduction spoiled foods or environmental hazards (4, 5). Moreover,
depending on previous experiences, they help to assign positive
or negative attributions to certain foods or situations (35, 6),
possibly directing future food-related behavior (4). However, an
age-related decline has been demonstrated for both olfactory
and gustatory function (7-10). This sensory decline is thought
to cause decreased food enjoyment, poor appetite, decreased or

The risk of undernutrition increases with age. It affects 9%-—
28% of older adults in Europe (1) and is associated with
increased morbidity, mortality, and health care costs (2). Impor-
tant roles in nutritional health are fulfilled by taste (gustatory)
and smell (olfactory) functions (3). Taste and smell guide
individuals toward nutritious foods and away from harmful,
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altered food intake, and ultimately contribute to the increased
risk of undernutrition in older adults (3).

Many studies have investigated the association of poor olfac-
tory and gustatory function with undernutrition, but literature
on this topic remains inconclusive. Whereas some studies found
poor olfactory function to be associated with low BMI (8, 11—
13), poor appetite (11, 14), altered macronutrient intake (13,
16), or poor dietary quality (13), others did not (14, 17-19). In
this context, poor olfactory function is often operationalized by
low scores on odor identification tests (e.g., the Sniffin’ Sticks
test, the San Diego Odor Identification test, or the University
of Pennsylvania Smell Identification Test) (8, 11-14, 17, 18),
whereas other studies also included threshold tests (16, 19)
or self-reported poor smell (15). Studies on the association of
gustatory function with nutritional status are limited. In 1 study,
gustatory impairment, measured by the Burghart Taste Strip
test, tended to be associated with diminished eating pleasure
(18), and a second study found thresholds >0.003% wt:wt for
bitter taste to be associated with having a BMI (in kg/m?) <18.5
(20). However, 2 other studies did not observe any association
between poor gustatory function and BMI (14, 21), energy
intake, or appetite (14). Although overall gustatory impairments
may not affect total food or energy intake, impairments of
specific tastes have been shown to alter food preferences,
and thus influence dietary quality: for instance, the increased
preference for salty foods in case of diminished salty taste
(22). The inconsistency in the literature on sensory impairments
and nutrition is likely due to the wide range in study
methods, study populations, sensory assessments, and outcome
measures across studies. Moreover, a discrepancy between self-
reported and observed sensory impairments exists (10, 12,
17, 18).

Here, we present a comprehensive cross-sectional cohort
study of 359 Dutch community-dwelling older adults on the
association of sensory impairments with nutritional status. We
assessed multiple aspects of gustatory and olfactory function,
including odor identification, discrimination, and threshold
scores, as well as scores for all 5§ basic tastes, and self-
reported poor taste and smell. As outcome measures we
included those most commonly reported on in the literature
with poor appetite and undernutrition as the primary outcomes.
Because poor appetite is thought to contribute to undernutrition
through altered food intake and poor dietary quality, these
2 were used as secondary outcomes. We hypothesize that
poor taste and smell scores, as well as self-reported poor
taste and smell, are associated with poor appetite, decreased
food intake, poorer dietary quality, and increased risk of
undernutrition.
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Methods

Design

This cross-sectional study was embedded within the ongoing Longi-
tudinal Aging Study Amsterdam (LASA), which included 3107, 1002,
and 1023 Dutch community-dwelling older adults in 1992/1993,
2002/2003, and 2012/2013, respectively. Data on physical, social,
emotional, and cognitive functioning are collected in waves every 3 y
by means of medical and general interviews, the former also including
body measurements. The most recent wave took place in 2015/2016.

The design of the LASA has been described more elaborately
elsewhere (23-25). For the current substudy, data were used from the
regular LASA cycle 2015/2016 and from an extra home visit, which
took place in between regular data-collection waves in 2017/2018.
LASA participants who took part in the LASA medical interview
of 2015/2016 were prescreened on in- and exclusion criteria based
on LASA data. Those who were found eligible were contacted by
phone in 2017/2018 and screened on the remainder of the in- and
exclusion criteria before the extra home visit was planned. Inclusion
criteria for our substudy were age >65 vy, valid measurement of
body weight in the most recent LASA examination wave (2015/2016),
community-dwelling, and living in the Netherlands. Exclusion criteria
were overnutrition established either by a BMI >30 or by >2% body
weight gain between the 2 latest LASA examination waves (from
2011/2013 to 2015/2016), diagnosed active malignancy, and poor
cognitive status defined as a Mini Mental State Examination (MMSE)
score <18. Because this study was designed to also evaluate differences
in oral and gut microbiota between undernourished and well-nourished
older adults, participants were also excluded if there were microbiota-
disturbing factors like antibiotic use in the previous 3 mo.

Informed consent and all measurements for this ancillary study were
obtained during a single home visit. This study was approved by the
local ethics committee in accordance with the Declaration of Helsinki
(updated version 2013).

Anthropometrics and undernutrition

Body weight was measured during the home visit using a calibrated
scale (Seca, model 100, Lameris), with participants wearing only
undergarments or indoors clothing without shoes, in which case 1 kg
was subtracted (26). BMI was calculated using the earliest LASA height
measurement available, which was obtained with a stadiometer using
a standardized protocol. Weight change averaged over the last 2 y
(% body weight) was calculated. Undernutrition was defined as low
BMI (BMI <20 if age <70 y or BMI <22 if >70 y) according to
the European Society for Clinical Nutrition and Metabolism guidelines
(27), or >5% body weight loss averaged over 2 y. Body composition was
measured by body impedance analysis using the Bodystat 1500MDD
device (Bodystat Ltd). Body impedance analysis was done in the supine
position. Appendicular Skeletal Muscle Mass Index (ASMMI) was
calculated using the formula of Sergi et al. (28) as recommended by
the European Working Group on Sarcopenia in Older People (29).

Appetite

Appetite was assessed by the 8-item Council of Nutrition Appetite
Questionnaire (CNAQ), its score ranging from 8 (worst) to 40 (best).
A CNAQ score <28 was considered representative of having a poor
appetite (30).

Dietary intake and quality

Energy intake (kcal/d) and macronutrient intake (En%) were measured
with the 238-item Dutch version of the FFQ from the HELIUS (Healthy
Life in an Urban Setting) study, inquiring into average intake of specific
foods and drinks over the previous 4 wk (31). FFQ data were excluded
from analyses if unlikely energy intakes of <500 kcal/d or >3500 kcal/d
for women, and <800 kcal/d or >4000 kcal/d for men were reported
(31).

Three dietary quality indexes were calculated from the FFQ data.
First, the Dutch Healthy Diet index 2015 (DHD) has been used
previously in the HELIUS study (32) and assesses adherence to Dutch
dietary guidelines, scoring the consumption of 15 dietary components

120z Iudy 90 uo }senb Aq 0981 €1.9/509/€/1G | /o01He/ul/Wod dno-olWwapede//:sd)y Woly papeojumod


mailto:k.fluitman@amsterdamumc.nl

from 0 to 10 (33). Because our FFQ does not adequately measure the
intake of salt or type of coffee, these components were left out, leaving
a potential score from 0 to 130 (32). Second, the Alternative Healthy
Eating Index 2010 (AHEI) was previously used in the LASA (34) and
scores 11 dietary components from 0 to 10 based on their predictive
power for chronic disease (35). Again, the AHEI sodium component
was excluded from our study, leaving a total score of 0-100 (34). Third,
the Mediterranean Diet Score (MDS), also previously used in the LASA
(34), scores 11 dietary components from 0 to 5 to assess the adherence
to a typical Mediterranean diet (total score: 0-55) (36). A higher score
for all indexes indicates better adherence to a healthy diet (33, 35, 36).

Gustatory function

Gustatory function was assessed using taste strips (Burghart Messtech-
nik GmbH). This taste test commonly consists of 18 paper taste strips,
of which 2 are tasteless and 16 are impregnated with 4 increasing
concentrations of sweet, sour, salty, and bitter tastes (37). Upon request,
4 umami taste strips were specially added by Burghart to their standard
test, reproducing the taste strip test validated by Mueller et al. (38). The
same test design, tastant concentrations, and sequence in which taste
strips were presented were used. Participants received 1 point for each
correctly identified taste, with each individual taste score ranging from
0 to 4, and the total score ranging from 0 to 20. A total taste score
<6, sweet score <2, sour score <2, salty score <2, bitter score <1, or
umami score <1 were considered poor taste, thus indicating hypogeusia.
Participants were asked not to smoke, chew gum, eat, or drink anything
other than water in the hour preceding the taste test. Self-reported
taste function was assessed with a single question: “How is your
taste function in general?” with the following answering possibilities:
“very poor/poor/average/good/very good.” The answers “very poor”
and “poor” were considered poor self-reported taste function.

Olfactory function

Olfactory function was measured with Sniffin’ Sticks (Burghart
Messtechnik GmbH). The smell test consists of 3 parts: an odor
identification test (score: 0-16), an odor discrimination test (score:
0-16), and an odor threshold test (score: 0-16). The scores can be
summed to form the Threshold-Discrimination-Identification (TDI)
score (39). Each odorant was presented to participants in a felt-tip
pen. The test and order in which odors were presented were done
according to the manufacturer’s directions (39). An identification score
<9, discrimination score <7, threshold score <2.5, or TDI score <19.5
were considered poor smell, indicating hyposmia (39). Only the smell
identification test was performed in all visits and therefore used as our
overall measurement for olfactory function, which is common practice
(8, 12-14, 17, 18). The additional odor discrimination and threshold
tests were not performed in all visits because some participants
thought them too burdensome or time-consuming. Moreover, not all
researchers conducting the home visits were equipped to perform these
tests. Whether participants would take part in the discrimination and
threshold tests was decided before the visit based on the participant’s
preference and researcher available. Self-reported smell function was
assessed in all participants with the question: “How is your smell
function in general?” The same answering possibilities and cutoff as
for self-reported taste function were used.

Covariates

Data on sociodemographics (age, sex, educational status), lifestyle
factors (smoking status), health (depression symptoms, medication
use), and cognitive status were obtained from the previous LASA
examination wave. Educational status was categorized as high, medium,
or low. Depressive symptoms were scored using the Centre for
Epidemiologic Studies Depression (CES-D) Scale (40) and cognitive
status was assessed with the MMSE (41). Number of medications used
was categorized as 0, 1-4, or >4.

Statistical analysis
Data are expressed as mean + SD, median [IQR], or # (%). For
univariate analyses, participants were divided into 2 groups according

to smell identification score (normosmia and hyposmia) and according
to total taste score (normogeusia and hypogeusia). Differences in
characteristics were tested using the unpaired Student’s ¢ test, Mann—
Whitney U test, Fisher’s exact test, ANOVA test, or Kruskal-Wallis test,
as appropriate.

Then, logistic regression models were run to test the associations
of poor total taste score and poor smell identification score with our
primary outcomes of undernutrition and poor appetite. These models
were tested for effect modification by age, sex, BMI, and smoking status.
Next, similar linear models were built to test the associations with the
secondary outcomes of food intake and dietary quality. All models were
also run for all individual taste and smell scores, as well as self-reported
poor taste and smell. Because the taste test was originally designed
without the umami flavor, the models were also run using the total
taste score excluding umami. Because the individual taste scores are part
of the overall taste test, Bonferroni correction for multiple testing was
carried out for models with the taste test scores as determinants (total
taste, total taste excluding umami, sweet, salty, sour, bitter, and umami).
The same was done for models with the smell scores as determinants
(TDI, threshold, discrimination, and identification). The Bonferroni-
corrected a-levels used for statistical significance were 0.007 (= 0.05/7)
and 0.013 (= 0.05/4), respectively. Bonferroni-corrected P values are
reported. All regression models were adjusted for age, sex, education,
smoking status, medication use, CES-D score, and MMSE score. Finally,
to check for selection bias, those unwilling to partake in an extra home
visit were compared with those willing based on age, sex, recent weight
change, and BMI using the Mann—Whitney U test and Fisher’s exact
test.

A 2-tailed (corrected) P value < 0.05 was considered statistically
significant. All analyses were performed using IBM SPSS statistics
software version 26 (SPSS Inc.).

Results

Study population

Figure 1 depicts a flowchart of participant inclusion. A total
of 360 participants were visited for data collection. However,
because 1 participant turned out to be wheelchair-bound and
paralytic with highly unreliable weight measurements—which
was not revealed before the home visit—359 participants
were included in the analytic sample. Table 1 features
participant characteristics. The participants’ mean age was 73y,
ranging from 65 to 93 vy, and 58.2% were men. A total of
66 participants (18.4%) had poor smell identification score
and 33 (9.2%) had poor total taste score. According to our
definitions, 77 (21.4%) were undernourished and 22 (6.1%)
had poor appetite. Mean + SD energy intake was 2117 +
530 kcal/d. Of the LASA participants contacted by phone
(n="727),303 were unwilling to partake in an extra home visit,
whereas 401 were (of whom 41 were later excluded based on the
remaining exclusion criteria) (Figure 1). Those unwilling were
significantly older (73 compared with 70 y, P < 0.001) and more
often male (43.2% compared with 42.9%, P < 0.001) than
those willing. BMI and recent weight change were comparable
(24.8 compared with 24.9, and —2.6%/3 y compared with
—2.0%/3 y).

Hypogeusia compared with normogeusia

Table 1 depicts characteristics stratified by hypogeusia and
normogeusia. We found no age difference between participants
with hypogeusia and those with normogeusia. BMI and weight
change were similar for both gustatory groups, as were the
proportions of undernutrition and poor appetite. Participants
with hypogeusia were more often male (P < 0.01), which could
explain the higher ASMMI in this group (P = 0.04). There
was no significant difference in food intake, but hypogeusic
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LASA participants in 2015/2016:
n=2024

LASA participants who had not taken part in the
medical interview in 2015/2016 (n = 382)

LASA participants screened based

on LASA data:
n=1642

No weight measurement in 2015/2016 (n =17)
No weight measurement in 2011/2013 (n = 45)

Exclusion based on LASA data:
Age <65y (n =386)

>2% recent body weight gain (n = 219)
BMI > 30kg/m2 (n = 140)
MMSE score <18 (n = 6)
Not community-dwelling (n = 8)
Died (n =21)
Moved abroad (n = 3)
Not interested in substudies (n = 70)

Approached for current study:

n=1727

Visited for data collection:

Institutionalized since last wave (n = 3)

Exclusion based on telephone call:
Unwilling (n =303)
Active malignancy (n = 15)
Microbiota-disturbing factors (n = 22)

Cognitive decline (n = 1)
Not reachable (n=19)
Died (n=4)

n =360

No reliable weight measurement (n = 1)

Exclusion based on home visit:

Included in sample:
n =359

FIGURE 1 Flowchart for inclusion of participants. LASA, Longitudinal Aging Study Amsterdam.

participants had a lower DHD score (P = 0.046), indicating
worse adherence to Dutch dietary guidelines. There was no
difference in the other dietary quality indexes. There was also no
difference in the proportion of self-reported poor taste or smell
between participants with and without measured hypogeusia.
Participants with hypogeusia were not more likely to have
hyposmia as well; only 7 participants had both hypogeusia and
hyposmia.

Hyposmia compared with normosmia

Table 1 also depicts differences in participant characteristics
between hyposmic and normosmic participants. Participants
with hyposmia were significantly older (P < 0.001) and
lower educated (P = 0.04) than those with normosmia.
Hyposmia tended to be associated with more weight loss
in the previous 2 y (P = 0.052). There was no statistically
significant difference in undernutrition or poor appetite between
hyposmic and normosmic participants, although the proportion

608 Fluitman et al.

of poor appetite was double in the hyposmic participants
(10.6% compared with 5.2%). Interestingly, even though the
total energy intake was similar in both groups, the hyposmic
participants consumed significantly less protein (P = 0.01),
less alcohol (P = 0.03), and more carbohydrates (P = 0.04)
expressed in En% than the normosmic participants. Moreover,
participants with hyposmia had worse adherence to healthy
diets based on the AHEI (P = 0.01) and tended to have worse
adherence to the MDS index (P = 0.051), but not the DHD.
Contrary to participants with hypogeusia, participants with
hyposmia were more likely to report poor smell (P < 0.001)
as well as poor taste (P < 0.01).

Gustatory function

Table 2 shows the associations of taste and smell with poor
appetite and undernutrition. After adjustment for potential con-
founders (i.e., age, sex, education, smoking status, medication
use, CES-D score, and MMSE score), there was no association
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TABLE 1 Characteristics for all participants and stratified by olfactory and gustatory function’

Hyposmia Normosmia Hypogeusia Normogeusia
n All (n = 66) (n=292) Pvalue (n=133) (n=325) Pvalue
Demographics
Age, y 359 73169-77] 75[71-81] 72 [69-77] <0.001 72 [69-77] 73[69-77] 0.96
Male 359 209(58.2) 40 (60.6) 169 (57.9) 0.68 27(81.8) 182 (56.0) <0.01
Nutritional status
BMI, kg/m? 359 248 +25 250+25 247+25 0.39 253+28 247+25 0.1
Weight difference, %/2 y 359 —05+44 14439 —03+44 0.05 —0544.1 —04445 0.94
ASMMI, kg/m? 344 68409 6.8+09 68408 0.79 71408 68409 0.04
Undernutrition? 359 77 (21.4) 19(28.8) 58(19.9) 0.10 6(18.2) 71(21.8) 1.00
Poor appetite® 358 22 (6.1) 7(10.6) 15(5.2) 0.24 2(6.1) 20(6.2) 1.00
Food intake
Energy, kcal/d 355 2117 £ 530 2137 £ 643 2113 £ 504 0.77 2210 £ 585 2106 £ 525 0.30
Carbohydrates, En% 355 41.1+£67 427+76 408464 0.04 425+81 41.0+6.6 0.25
Protein, En% 355 146423 140425 148422 0.01 145421 146423 0.76
Fat, En% 355 349+57 352+69 349+54 0.69 333+67 351+56 0.10
Alcohol, En% 355 3.1[0.6-6.9] 1.9(0.3-4.6] 3.4[0.8-7.1] 0.03 2.8[1.0-7.6] 3.1[0.5-6.9] 0.34
DHD 355 83.9+16.2 81.6 +16.1 84.4 +16.1 0.21 784+179 845+ 159 0.05
AHEI 355 60.8 +£10.7 57.8+10.3 61.5+10.7 0.01 58.6 + 10.4 61.0+10.8 0.24
MDS index 355 33.0+£ 456 320+£49 332445 0.05 327 £41 330447 0.69
Taste and smell
Poor total taste score* 358 33(9.2) 7(10.6) 26(8.9) 0.81 — — —
Poor sweet 358 55(15.4) 12(18.2) 43(14.8) 0.70 17 (51.5) 38(11.7) <0.001
Poor sour 358 113(31.6) 23(34.8) 90(30.9) 0.66 27(81.8) 86 (26.5) <0.001
Poor salty 358 134(37.4) 30 (45.5) 103(35.3) 0.16 25(75.8) 109 (33.5) <0.001
Poor bitter 358 28(7.8) 9(13.6) 19(6.5) 0.07 14 (42.4) 14(4.3) <0.001
Poor umami 358 116 (32.4) 25(37.9) 91(31.3) 0.31 21(63.6) 95(29.2) <0.001
Self-reported poor taste 359 10(2.8) 6(9.1) 4(1.4) <0.01 1(3.0) 9(2.8) 1.00
Poor TDI score® 141 24(17.0) 22 (68.8) 2(1.8) <0.001 1(8.3) 23(17.8) 0.21
Poor T score 144 34(23.6) 19(57.6) 15(13.5) <0.001 3(25.0) 31(23.5) 1.00
Poor D score 144 29(20.1) 18 (56.3) 11(9.8) <0.001 1(8.3) 28(21.2) 0.46
Poor | score 358 66 (18.4) — — — 7(21.2) 59(18.2) 0.81
Self-reported poor smell 359 21(5.8) 11(16.7) 10(3.4) <0.001 4(12.1) 17 (5.2) 0.12
Covariates
Current smoking 359 27 (15) 4(6.1) 23(7.9) 0.80 4(12.1) 23(7.1) 0.28
MMSE score 359 29 [28-30] 281(27-29] 29 [28-30] 0.1 29[27-29] 29 [28-30] 0.77
CES-D score 357 412-8] 6[3-11] 412-8] 0.4 41-8] 5[2-8] 0.32
Number of medications 359 0.31 0.82
0 98(27.3) 13(19.7) 85(29.1) 7(21.2) 90(27.7)
1-4 191(53.2) 38(57.6) 152 (52.1) 19(57.6) 172 (52.9)
>5 70(19.5) 15(22.7) 55(18.8) 7(21.2) 63(19.4)
Education 359 0.04 0.70
Low 39(10.9) 7(10.6) 32(11.0) 5(15.2) 34(10.5)
Medium 187 (52.1) 43(65.2) 143 (49.0) 17 (51.5) 169 (52.0)
High 133(37.0) 16(24.2) 117 (40.1) 11(33.3) 122 (37.5)

"Values are mean =+ SD, median [IQR], or n (%) unless otherwise indicated. AHEI, Alternative Healthy Eating Index 2010; ASMMI, Appendicular Skeletal Muscle Mass Index;
CES-D, Center for Epidemiologic Studies Depression; DHD, Dutch Healthy Diet index 2015; En%, percentage energy intake; MDS, Mediterranean Diet Score; MMSE, Mini

Mental State Examination; TDI, Threshold Discrimination Identification.

2Undernutrition: >5% body weight loss averaged over 2 y or BMI <20 (if age <70y) or BMI <22 (if age >70y).

3Poor appetite: Council of Nutrition Appetite Questionnaire score <28.

4Poor taste: total taste score <6, sweet score <2, sour score <2, salty score <2, bitter score <1, or umami score <1.

5Poor smell: TDI score <19.5, T score <2.5, D score <7, or | score <9.

of poor total taste score or any of the individual taste scores
with poor appetite or undernutrition. There was no effect
modification of age, sex, BMI, or smoking status. Table 3 depicts
the associations of taste and smell scores with macronutrient
intake. Poor bitter taste score tended to be associated with a
higher carbohydrate intake after correction for multiple testing
(P =0.07) and was associated with a lower fat intake expressed
in En% (P = 0.02). Poor bitter was, however, not associated

with total energy intake. Table 4 depicts the associations of
taste and smell scores with dietary quality indexes. Poor umami
score tended to be associated with a lower MDS (P = 0.07). No
associations were observed with the DHD or AHEI score. Self-
reported poor taste was associated with increased risk of poor
appetite (P = 0.01) (Table 2), lower protein intake (P = 0.02),
higher fat intake (P = 0.04) (Table 3), and with lower scores on
all 3 dietary quality indexes (Table 4).
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TABLE 2 Associations of poor taste and smell with poor appetite and undernutrition’

Poor appetite? Pvalue® Undernutrition* Pvalue®
Poor total taste score® 1.04(0.19,5.76) 1.00 1.15(0.43, 3.05) 1.00
Poor total taste score (no umami) 1.78(0.33, 9.60) 1.00 1.58(0.58, 4.31) 1.00
Poor sweet score 0.64(0.14,2.96) 1.00 0.83(0.38, 1.83) 1.00
Poor sour score 0.90(0.29, 2.79) 1.00 0.80(0.44, 1.46) 1.00
Poor salty score 1.78(0.62, 5.07) 1.00 1.27(0.73, 2.23) 1.00
Poor bitter score 0.25(0.02, 2.78) 1.00 0.71(0.22, 2.31) 1.00
Poor umami score 0.68(0.21,2.19) 1.00 0.84(0.46, 1.53) 1.00
Self-reported poor taste 8.44 (1.56, 45.56) 0.01 2.11(0.49, 9.04) 0.32
Poor smell identification score® 1.50(0.48, 4.71) 1.00 1.35(0.69, 2.62) 1.00
Poor TDI score 3.67(0.78,17.19) 0.40 2.02(0.73,5.58) 0.68
Poor smell threshold score 471(1.11,19.91) 0.16 1.85(0.77, 4.44) 0.68
Poor smell discrimination score 0.15(0.02, 1.26) 0.32 0.99(0.38, 2.57) 1.00
Self-reported poor smell 2.31(0.50,10.74) 0.29 0.85(0.27, 2.68) 0.78

"Values are ORs (95% Cls) or Pvalues. All models adjusted for age, sex, educational status, smoking status, medication, Center for
Epidemiologic Studies Depression score, and Mini Mental State Examination score. TDI, threshold-discrimination-identification.
2Poor appetite: Council of Nutrition Appetite Questionnaire score <28.

3P values for the individual taste and smell scores are adjusted according to Bonferroni correction; P values for self-reported taste

and smell are unadjusted.

4Undernutrition: >5% body weight loss averaged over 2 y or BMI (in kg/m?) <20 (if age <70y) or <22 (if age >70'y).
5Poor taste: total taste score <6, total taste score (umami excluded) <5, sweet score <2, sour score <2, salty score <2, bitter

score <1, or umami score <1.

SPoor smell: TDI score <19.5, T score <2.5, D score <7, or | score <9.

Olfactory function

None of the smell scores, nor self-reported poor smell, were
associated with either poor appetite or undernutrition (Table 2).
There was no effect modification by age, sex, BMI, or smoking
status. There was also no association with daily energy intake,
macronutrient intake (Table 3), or dietary quality scores
(Table 4). Poor smell identification score seemed to be associated
with lower protein intake, but this association was rendered
nonsignificant after Bonferroni correction for multiple testing.
However, similarly to self-reported poor taste, self-reported
poor smell was consistently associated with lower scores on all
3 dietary quality indexes (Table 4).

Discussion

In this study we evaluated the relations of both self-reported
and measured olfactory and gustatory function with poor
appetite, food intake, dietary quality, and undernutrition. As
for our primary outcomes, we only found an association of
self-reported poor taste with poor appetite. None of the other
taste or smell scores were associated with either poor appetite
or undernutrition. We did find some associations for individual
scores, as well as self-reported poor taste and smell function,
with macronutrient intake and dietary quality. However, several
associations lost statistical significance after adjustment for
confounders or correction for multiple testing. Our results are
discussed in more detail in the following sections.

Gustatory function

Poor overall gustatory function was not associated with any of
our outcome measures, nor with older age. This is in agreement
with earlier studies (14, 18), but contradicts the widely accepted
assumption that overall poor gustatory function contributes
to the age-related decline in appetite and increased risk of
undernutrition (3). Possibly, hypogeusia was not associated
with age because the population consisted of older adults
only. Furthermore, poor overall gustatory function may not
be associated with any of the outcomes because the order
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and severity in which the 5 basic tastes are affected can
vary widely across hypogeusic participants. However, generally,
umami seems to be affected most, followed by salty or sour,
and sweet or bitter (7). This trend was somewhat present in our
population with the exception of salty taste being more often
affected than umami (in 37.4% of participants compared with
32.4%). Implications for food intake or dietary behavior will
depend on the tastes that are most affected in an individual
(42). Moreover, taste-related shifts in food preference may not
be perceived as having poor appetite per se, or affect total energy
content of the diet and result in undernutrition.

We found that poor bitter taste tended to be associated
with higher carbohydrate intake and was associated with lower
fatty acid intake. Still, neither poor bitter taste nor any of the
other taste scores were associated with total daily energy intake.
Participants with poor umami taste tended to score 1.4 points
lower on the MDS index (P = 0.07), meaning they had lower
adherence to a typical Mediterranean diet than did participants
with normal umami taste. Contrarily, participants with poor
sweet taste scored on average 1.4 points higher on the MDS
index, but this was rendered nonsignificant after adjustment
for multiple testing (P = 0.28). The umami flavor is highly
abundant in many components of the Mediterranean diet, like
vegetables, potatoes, and seafood (43). A diminished umami
taste could make these foods taste bland and less attractive,
thus explaining the trend toward a lower MDS. As such, our
findings do support the hypothesis that umami is important for
compliance to a healthy diet (42, 44).

Olfactory function

In our univariate analyses, hyposmia (i.e., poor smell iden-
tification) was associated with various nutritional variables.
Participants with hyposmia were ~3 y older and tended to have
more weight loss. Moreover, they had lower protein and alcohol
and higher carbohydrate intake. They also scored lower on the
AHEI and MDS diet indexes. Although the association with less
protein intake was moderate (0.8 En% less protein in hyposmic
than in normosmic participants, P = 0.01), this finding must not
be underestimated because lower protein intake may contribute
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TABLE 3 Associations of poor taste and smell with energy and macronutrient intake’

Fatty acid intake, En%

B1(95% Cl)

—172
—1.19

Protein intake, En%

B (95% Cl)

0.14

Carbohydrate intake, En%

B (95% Cl)

1.52

Energy intake, kcal/d

B(95% Cl)

Pvalue?

Pvalue?

Pvalue?

Pvalue?

0.77
1.00
1.00
0.49
1.00
0.02
1.00
0.04
1.00
1.00

1.

7)

0.17,7.61)

00

1.00
0.43

1.00

1.

00

0.78
—1.21
—0.57

0.49
1.00
1.00
1.00
1.00
0.02
0.12
1.00
0.68

1.

0.26
3.89
0.51

—0.58

0.19
1.05

00

0.12

0.08
0.57
0.38

0.07
1.00
0.87
0.56
1.00
1.00
1.00

0.

0.75,6.02)

99

00
00

1.

—153.589, 222.23)
—196.30, 210.30)
—125.03, 171.58)
—19.44, 208.48)
—206.79, 12.84)

1.

—047

1.00
0.70

0.83

0.56
1.00
0.63

3.39
—091

—301.16, 105.54)

—214.55,16.52)
—578.77,75.97)

1.37

1.00
0.48
1.00
1.00

0.49

—116.68, 164.31)
—48.21, 423.25)

0.95
—-0.4

—259.87,139.87)

—120.30, 291.29)
—307.09, 148.09)

34.32

Poor total taste score®

7.00
23.28
94.52

—96.97
—97.81
—99.02
—251.40

Poor total taste score (no umami)

Poor sweet score
Poor sour score

Poor salty score
Poor bitter score

Poor umami score

Self-reported poor taste

23.82
187.52

Poor smell identification score”

Poor TDI score

Poor smell threshold score

85.49

Poor smell discrimination score

Self-reported poor smell

"Values are regression coefficients (8), 95% Cls, or P values. All models adjusted for age, sex, educational status, smoking status, medication, Center for Epidemiologic Studies Depression score, and Mini Mental State Examination score. En%,

percentage energy intake; TDI, threshold-discrimination-identification.

2P values for the individual taste and smell scores are adjusted according to Bonferroni correction; P values for self-reported taste and smell are unadjusted.

3Poor taste: total taste score <6, total taste score (umami excluded) <5, sweet score <2, sour score <2, salty score <2, bitter score <1, or umami score <1.

4Poor smell: TDI score <19.5

D score <7, or | score <9.

T score <2.5

to the risk of frailty and disability in older adults (45-47). In
our multivariate models, however, significance was lost after
correction for multiple testing. Finally, in a previous study,
we hypothesized that perceiving an odor (i.e., odor threshold
function) is more important for food-related behavior and
appetite than being able to identify it (12). On first glance,
this hypothesis did not hold true because poor threshold score
was not associated with any of our outcomes. However, the
association of poor threshold score with poor appetite (OR: 4.7;
95% CI: 1.11, 19.91) was only rendered nonsignificant after
adjustment for multiple testing (P = 0.16). The relatively large
OR, combined with the relatively wide 95 % CI, does suggest the
analysis was underpowered, possibly owing to the low number
of participants with poor appetite (7 = 22).

Self-reported taste and smell impairments

An important finding of this study was that poor self-
reported taste and smell were both consistently associated
with lower scores on all 3 dietary quality indexes, which are
related to nutrition-related health conditions (33, 35, 36). For
future research, it would be interesting to evaluate whether
specific food components of the dietary quality scores are
responsible for these associations. Poor self-reported taste
was in addition associated with poor appetite, lower protein
intake, and higher fat intake. In prior studies, the prevalence
of self-reported sensory impairments was consistently lower
than that of objectively assessed sensory impairments. It was
therefore suggested that self-reported measures suffer from
underreporting and are of limited clinical importance (12,
17, 18). Our study challenges this assumption. Possibly, a
participant will only report impaired olfactory or gustatory
function if the impairment is of a certain severity, which may not
correlate to the epidemiological cutoffs used in the definitions
for measured sensory impairments (37, 39). The clinical
relevance of subjective assessments is further emphasized by
the fact that many clinicians lack access to expensive sensory
tests. Our results suggest that asking older adults for sensory
impairments can be of added value in screening for nutritional
risk. Once identified, impairments may then be addressed by
appropriate dietary counselling or the implementation of taste
enhancers, which was shown to increase body weight and
hunger feelings in some (48, 49) but not all studies (50).

Strengths and limitations

The most important strength of this study is the various aspects
of taste and smell assessed, which gave us a comprehensive
view of our participants’ sensory status. Similarly, we assessed
various nutrition-related outcomes. Our study enabled us
to consider all these associations simultaneously in a single
population, without needing to consider the comparability of
several populations or studies. Owing to the richness of the
LASA data set, we could adjust for numerous covariates in our
multivariate models, although residual confounding cannot be
excluded. Finally, we extended our taste test with the relatively
newly discovered umami flavor, which is a novel aspect in
comparison with earlier gustatory studies.

There are some limitations to consider. First, this was a cross-
sectional study and no causal relations can be demonstrated.
Second, we did not have information on how long any
sensory impairments had been present. Possibly, long-term
sensory impairments would not have affected our outcomes
because participants may have adjusted to these impairments
for many years. Conversely, if sensory declines were more recent,
undernutrition may not have manifested itself yet. Longitudinal
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TABLE 4 Associations of poor taste and smell with dietary quality indexes’

Dutch Healthy Diet index

Alternative Healthy Eating Index Mediterranean Diet Score

B (95% Cl) Pvalue? B (95% Cl) Pvalue? B (95% Cl) Pvalue?
Poor total taste score® —251(-8.17,3.14) 1.00 —0.57 (—4.44,3.30) 1.00 0.17(—1.50, 1.84) 1.00
Poor total taste score (no umami) —0.46 (—6.58, 5.66) 1.00 1.46 (—2.73, 5.64) 1.00 0.30(—151,2.11) 1.00
Poor sweet score 0.09(—4.38, 4.56) 1.00 1.59 (—1.46, 4.64) 1.00 1.41(0.10,2.72) 0.28
Poor sour score 1.03 (—2.43, 4.50) 1.00 0.45(—1.91, 2.80) 1.00 1.00(—0.01, 2.01) 0.35
Poor salty score —1.65(—4.99, 1.69) 1.00 —0.78(—3.05, 1.49) 1.00 —0.53(—1.51,0.45) 1.00
Poor bitter score —1.18(-7.32, 4.95) 1.00 —198(-6.17,2.21) 1.00 —0.84(—2.65,0.97) 1.00
Poor umami score —3.39(—6.88,0.10) 0.42 —157(-3.95,0.81) 1.00 —1.39(-2.41, -0.37) 0.07
Self-reported poor taste —14.75(—24.55, —4.95) <0.01 —7.27(-13.97, -0.57) 0.03 —3.44(—6.33, —0.55) 0.02
Poor smell identification score* —0.56 (—4.80, 3.67) 1.00 —2.25(—5.12,0.62) 0.48 —0.58(—1.82, 0.66) 1.00
Poor TDI score 0.40(—7.30, 8.10) 1.00 —1.17(-6.13,3.79) 1.00 0.32(—=2.11,2.75) 1.00
Poor smell threshold score —5.73(-12.16,0.71) 0.32 —3.14(—7.24,0.96) 0.52 —0.91(-2.91,1.10) 1.00
Poor smell discrimination score —3.30(—10.08, 3.49) 1.00 —2.73(—7.07,1.62) 0.88 —0.38(—2.49,1.73) 1.00
Self-reported poor smell —8.60(—15.42, —1.79) 0.01 —6.05(—10.68, —1.42) 0.01 —2.25(—4.25,—0.24) 0.03

Values are regression coefficients (8), 95% Cls, or Pvalues. All models adjusted for age, sex, educational status, smoking status, medication, Center for Epidemiologic Studies
Depression score, and Mini Mental State Examination score. TDI, threshold-discrimination-identification.

2 Pvalues for the individual taste and smell scores are adjusted according to Bonferroni correction; P values for self-reported taste and smell are unadjusted.

3Poor taste: total taste score <6, total taste score (umami excluded) <5, sweet score <2, sour score <2, salty score <2, bitter score <1, or umami score <1.

“4Poor smell: TDI score <19.5, T score <2.5, D score <7, or | score <9.

studies are needed to elucidate this. Third, our taste test
could not distinguish between hypogeusia and dysgeusia (i.e.,
distorted, rather than diminished, taste function). These 2 taste
disorders may have contrary effects on an individual. Fourth,
because our FFQ did not assess the amount of salt added to
foods by participants, the sodium components of the DHD and
AHEI were left out of the dietary quality scores. Therefore,
the associations between poor salty taste and these dietary
quality scores may be underestimated. Moreover, even though
the HELIUS FFQ was recently validated in 88 older adults of
the LASA cohort and found acceptable for use (51), precise
estimations of food intake remain prone to measurement error.
Fifth, in our study the prevalence of self-reported poor taste,
self-reported poor smell, and poor appetite was rather low.
Some of the analyses concerning these variables may have
been underpowered. We also cannot exclude the possibility of
selection bias because LASA participants who were willing to
partake in our ancillary study were younger and more often
women than those unwilling. Because age and sex are associated
with hyposmia and hypogeusia, respectively, chemosensory
impairments may have been underrepresented in our analytic
sample compared with the general LASA population. However,
BMI and recent weight change were comparable. Based on our
definition of undernutrition, we also cannot say for certain that
participants were truly undernourished (e.g., participants may
have had healthy BMIs of ~20 for most their lives and then
turned 70 y old). However, those who were undernourished
had a mean + SD BMI of 22.7 + 2.3, 2-y weight difference
of —4.0 & 5.7, and ASMMI of 6.2 & 0.7. Those who were not
undernourished had a higher BMI, less weight loss, and higher
ASMMI of 25.3 + 2.3, 0.5 &+ 3.5, and 7.0 £ 0.8, respectively.
These do constitute significant differences (Student’s ¢ test
P values < 0.001). Future studies may benefit from a more
elaborate undernutrition assessment.

Conclusion

Self-reported poor taste and smell were both consistently
associated with poor dietary quality. Self-reported poor taste
was in addition associated with poor appetite, lower protein
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intake, and higher fat intake. None of the objective taste
and smell scores were associated with poor appetite or
undernutrition, although some trends and associations with
food intake and dietary quality could be found. Our results
suggest that poor taste or smell in older adults do have
some consequences for food preference or intake, but this
may not necessarily be perceived as poor appetite, or result
in decreased energy intake and subsequent development of
undernutrition. The consistent associations of self-reported
sensory impairments with poor dietary quality do underline the
usefulness of this information when screening for nutritional
risk.
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