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Abstract

This study aims to understand the metabolic mechanisms of unintentional weight
loss in older adults. We investigated plasma metabolite associations of subsequent
weight change over 2years in 1536 previously weight stable participants (mean age
74.6years, 50% women, 35% Black) from the Health, Aging and Body Composition
(Health ABC) Study. Multinomial logistic regressions were used to examine
associations of the 442 metabolites with weight loss with/without an intention and
weight gain >3% annually relative to weight stability. The metabolite associations of
unintentional weight loss differed from those of intentional weight loss and weight
gain. Lower levels of aromatic amino acids, phospholipids, long-chain poly-unsaturated
triglycerides, and higher levels of amino acid derivatives, poly-unsaturated fatty acids,
and carbohydrates were associated with higher odds of unintentional weight loss
after adjusting for age, sex, race, and BMI categories. Prevalent diseases attenuated
four and lower mid-thigh muscle mass and poorer appetite each attenuated 2 of 77
identified metabolite associations by >20%, respectively. Other factors (e.g., energy
expenditure, diet, and medication) attenuated all associations by <20%. While 16
metabolite associations were attenuated by 20%-48% when adjusting for all these
risk factors, 47 metabolite associations remained significant. Altered amino acid
metabolism, impaired mitochondrial fatty acid oxidation, and inflammaging implicated
by identified metabolites appear to precede unintentional weight loss in Health ABC
older adults. Furthermore, these pathways seem to be associated with prevalent

diseases especially diabetes, lower muscle mass, and poorer appetite.
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1 | INTRODUCTION

Weight change is common among older adults aged 60years and
over worldwide, with the prevalence of weight changes >5% rang-
ing from 35% to 66% over a period of 3-18years (Guo et al., 2023;
Haugsgjerd et al., 2017; Underland et al., 2022). Studies have re-
ported that over 30% of older adults experience weight loss, which
is more common than weight gain (Guo et al., 2023; Haugsgjerd
et al.,, 2017; Lee et al.,, 2004; Underland et al., 2022). Weight
change in older adults has been associated with a higher mortality
risk, with weight loss posing a higher risk than weight gain (Park
etal, 2018).

Weight loss in older adults can be either intentional or uninten-
tional, each having different health implications. Intentional weight
loss through lifestyle intervention can improve mobility and function
in older adults (Albert et al., 2022; Santanasto et al., 2011). Older
participants intended to lose weight generally reported better eating
behaviors and more active lifestyles than did participants without an
intention, independent of other health conditions (Lee et al., 2004).
Conversely, unintentional weight loss often signals predisposing or
unrecognized health problems, and is associated with a higher risk
of adverse outcomes, including functional decline and higher mor-
tality (de Stefani et al., 2018; Sahyoun et al., 2004; Wannamethee
et al., 2005).

Understanding the pathways of weight change, particularly
unhealthy weight change, among older adults is critical for pre-
dicting risks, guiding clinical interventions and developing thera-
peutic targets to promote healthy aging. Weight change in older
adults has been associated with metabolic changes in aging, such
as chronic inflammation, insulin resistance, hormone change, and
mitochondrial dysfunction, which can lead to decreased muscle
mass and subsequent weight loss (Palmer & Jensen, 2022). Given
the complexity of body weight, influenced by genetic, environmen-
tal, and lifestyle factors, holistic approaches (e.g., metabolomics)
are increasingly valuable in uncovering the metabolic mechanistic
pathways involved.

Indeed, several metabolic pathways associated with inten-
tional weight change in middle aged and older adults in clinical
trials have been uncovered by metabolomics, including lipid me-
tabolism (Almanza-Aguilera et al., 2018; Bihlmeyer et al., 2021;
Perez-Cornago et al., 2014), amino acid turnover (Almanza-Aguilera
et al., 2018; Bihlmeyer et al., 2021; Perez-Cornago et al., 2014;
Quillen et al., 2020), inflammation (Porter Starr et al., 2019), and
gut microbiota activity (Almanza-Aguilera et al., 2018; Heianza
et al., 2018; Lynch et al., 2023). However, the metabolic underpin-
nings of weight change in the general older, and especially multi-
ethnic population, are less explored. Considering the various risk
factors and health outcomes associated with different types of
weight change, the metabolic pathways may differ for intentional
versus unintentional weight changes. Thus, using metabolomics data
from the Health, Aging and Body Composition (Health ABC) study,
we aim to identify metabolites associated with longitudinal change
in body weight and to understand the potential underlying metabolic

pathways of intentional weight loss, unintentional weight loss and
weight gain in previously weight stable community-dwelling older
adults.

Moreover, previous efforts have identified some risk factors of
unintentional weight loss, such as anorexia of aging or loss of ap-
petite, physical activity and exercise, and dietary intake, which also
have a metabolic basis (de Souto, 2022; Hubner et al., 2021). Lower
lean mass was also observed for older adults who subsequently lost
weight than those who did not (Newman et al., 2005). This sug-
gests that there might be shared metabolic mechanisms of uninten-
tional weight loss and these risk factors, which remains unexplored.
Therefore, our secondary objective is to investigate whether poten-
tial risk factors including lifestyle and health conditions play a role in

the metabolite associations of unintentional weight loss.

2 | METHODS

2.1 | Population

The Health ABC study is a prospective cohort (Visser et al., 2005).
A total of 3075 Black and White older adults aged 70-79 years were
recruited in March 1997 to July 1998 from Pittsburgh, Pennsylvania
and Memphis, Tennessee. Participants were selected to be free
of difficulty walking 1/4 mile, climbing up 10 steps, and with basic
activities of daily living, with no reported use of a walking aid, no
history of cancer treatment in the past 3years, and no plans to
move from the study area within 3years after recruitment. The
institutional review boards of the University of Pittsburgh and
the University of Tennessee approved the study. All participants
provided written informed consent. A total of 2469 participants who
returned for the Year 2 clinic visit and had high-quality venipuncture
samples were selected for metabolomic profiling. Among the 2469
participants, we excluded 933 participants for the following reasons:
5 participants without fasting prior to blood draw; 134 with missing
body weight at both Year 3 (1999-2000) and Year 4 (2000-2001)
visits; 793 had gained or lost over 3% body weight from Year 1
to Year 2 (i.e., were not classified as weight stable prior to blood
draw); and 1 with body weight change over 40% (10 times standard
deviation from the mean). Thus, 1536 individuals were classified as
weight stable prior to the Year 2 blood draw and were included in
this study. Compared with other weight change groups, participants
who had maintained a stable weight in the past year (from Year 1
to Year 2) were, in general, with similar appetite compared to the
past year, fewer baseline smokers, better diet quality, higher energy
expenditure, lower prevalence of diabetes and depression, and more
likely to maintain weight stability during the follow-up. (Table S1).

2.2 | Body weight change

Body weight was measured at annual clinic visits from Year 2
(1998-1999) to Year 4 (2000-2001). Body height (cm) and weight
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(kg) were measured in light clothing without shoes on a calibrated
balance beam scale. Weight change was calculated as the annual
percentage change relative to Year 2 body weight. We aimed to
detect participants with a short-term weight change after the time
of metabolomic profiling. Therefore, we classified participants
based on their annual weight change during Years 2-4 as “weight
gain” (>3% annual increase), “weight stable” (<3% annual change),
or “weight loss” (>3% annual decrease). This 3% cutoff was
selected to exceed the coefficient of variation for dual-energy
X-ray absorptiometry soft tissue mass (Economos et al., 1997;
Figueroa-Colon et al., 1998; Fuller et al., 1992) and has been used
in previous studies (Deravi et al., 2022; Newman et al., 2005). The
intention to lose weight was collected by a question: “At present,
are you trying to lose weight?” at Year 2. Based on their intention
to lose weight, we further classified participants into four weight
change groups: weight stable (<3% annual change), weight gain
(“weight gain”), intentional weight loss (“weight loss” with self-
reported weight loss intention at Year 2), and unintentional weight
loss (“weight loss” with self-reported no weight loss intention at
Year 2).

2.3 | Metabolomics

Metabolites were measured in plasma collected at the Year 2
visit (1998-1999) after an overnight fast of =8h using liquid
chromatography-mass spectrometry (LC-MS) methods at the
Broad Institute (Cambridge, MA). Blood samples from the Health
ABC participants had not been previously thawed and were stored
at -80°C until metabolomic profiling. Four different LC-MS
methodologies including (Haugsgjerd et al., 2017) polar metabolite
profiling method that uses positive ion mode MS detection, (Guo
et al., 2023) polar metabolite profiling method that uses negative
ion mode MS detection, (Underland et al., 2022) lipid profiling
method, and (Lee et al., 2004) intermediate polarity profiling
method were employed to quantify metabolites. Metabolite
values were LC-MS peak areas. Details of the metabolite
profiling and quality control have been published elsewhere (Yao
et al., 2024). To be noted, some metabolites were measured in
more than one platform, which yielded 613 (520 unique) known
and numerous unknown metabolites including duplicates. In this
analysis we included 500 (442 unique) known metabolites, which
were quantified in 290% of participants and had a coefficient
of variation <10% (Yao et al., 2024). When duplicates of lipids
or lipid-like molecules correlated with weight change groups,
we presented data from the lipid profiling (polar metabolite
profiling with positive ion mode MS detection) method employing
positive ion mode MS when it was available. For significant other
metabolite duplicates, we reported findings from the platform
demonstrating the lowest coefficient of variation. Missing values
for metabolites included in the analyses were assumed to be due
to true values being below detectable limits and were imputed as
50% of the lowest value detected for the respective metabolite

Aging

(Yao et al., 2024). Metabolite values were log-transformed and

standardized for further analyses.

2.4 | Participant characteristics

Age, sex, race, highest level of education, smoking behavior, and
sleep duration were self-reported and collected at baseline (i.e., Year
1). History or the presence of cardiovascular disease, hypertension,
diabetes, and cancer were determined based on participants' self-
report of a physician diagnosis at baseline and Year 2. Participants
were also categorized as having cardiovascular disease, hypertension,
diabetes, cancer (any type except non-melanoma skin cancer),
and pulmonary disease if they were taking medication for these
conditions. Otherchronicdiseasesincluding peripheralarterydisease,
osteoarthritis, depression, and pulmonary disease were collected
at baseline only. The number of prescription medications (anti-
hypertensive medications, lipid-lowering medications, medications
for diabetes, and anti-inflammatory medications) used was calculated
from a medication inventory at Year 2, which required participants
to bring all prescription medications used in the last 2weeks to the
clinic visit. Obesity status was determined based on body mass index
(BMI; kg/m?) calculated from measured body weight and height at
Year 2, as follows: <25, 25-30, and =30 kg/mz. Total body fat was
measured by dual-energy X-ray absorptiometry (Hologic QDR
4500A; Hologic, Bedford, MA) at Year 1 visit and percentage body
fat mass was calculated by dividing total fat mass by total body mass.
Mid-thigh cross-sectional muscle area was measured by Computed
Tomography (9800 Advantage, General Electric Milwaukee, WI in
Pittsburgh and Somatom Plus 4, Siemens, Erlangen, Germany, or
PQ 2000S, Marconi Medical Systems, Cleveland, OH in Memphis)
at Year 1 visit. Blood biomarkers of inflammation, interleukin-6 (IL-
6) and C-reactive protein (CRP), were measured using frozen stored
serum collected after an overnight fast at Year 2 (Cesari et al., 2003).
Current appetite was self-reported appetite or desire to eat during
the past month and was categorized into “very good”, “good”, and
“moderate to poor or fluctuated”. Daily calories (Kcal/day), protein
(g/day), fat (g/day), and carbohydrates (g/day) intake from food at
Year 2 were determined using a 108-item interviewer administered
food frequency questionnaire estimating usual nutrient intake over
the past year and was developed for the Health ABC study by Block
Dietary Data Systems (Berkeley, CA) using food lists obtained from
a 24 h recall among participants who were ages 65 or older, black or
white race, and living in the Northeastern or Southern United States
from the Third National Health and Nutrition Examination Survey
(Marron et al., 2019). Daily fat (g/day) and protein intake (g/day)
adjusted for total energy intake were calculated using the residual
method (Willett et al., 1997). A Healthy Eating Index (HEI) score
was also calculated (Lee et al., 2004). Physical activity was defined
by a calculated energy expenditure (kcal/kg/week) in walking and
climbing stairs at the Year 2 visit. To calculate energy expenditure in
climbing stairs, we assigned 4.0kcal/kg/h for stair climbing plus an
additional 1.0kcal/kg/h for carrying a load like laundry, groceries, or
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aninfant. For energy expenditure in walking for exercise, we assigned

4.0kcal/kg/h for walking briskly, 3.0 for walking at moderate pace,
and 2.0 for strolling (Yao et al., 2024).

2.5 | Statistical analysis

We summarized baseline characteristics of the study sample
according to the weight change groups using mean (standard
deviation, SD) or median (interquartile range) for continuous
variables and frequency (proportion) for categorical variables. We
tested the statistical difference in baseline characteristics by the
one-way analysis of variance or the Kruskal-Wallis rank sum test
for continuous variables and the Pearson's Chi-squared test for
categorical variables.

We first conducted single metabolite analysis to identify me-
tabolites that are associated with different weight change groups
relative to weight stable in older adults using multinomial logistic
analysis after adjusting for age, race, and sex. In this basal model,
we only adjusted for age, race, and sex because we wanted to first
identify all metabolites related to weight change patterns in the
older adults, not just metabolites associated above and beyond cer-
tain risk factors. We then adjusted for Year 2 BMI categories in the
model to identify metabolites associated with weight change inde-
pendent of initial BMI category. We checked the non-linear relation-
ship with weight change groups by including a square term in the
models for each metabolite. We also conducted single metabolite
analyses stratified by race-sex groups, as well as by obesity status,
and tested the interaction term of each of these factors with me-
tabolites for differences in the metabolite associations with unin-
tentional weight loss. After identifying metabolites associated with
weight change, we then determined whether associations would
be attenuated after further adjusting for known risk factors associ-
ated with weight change in older adults (Cao et al., 2019; Sahyoun
et al., 2004). Potential confounders including baseline smoking,
total body fat, percentage body fat, total mid-thigh muscle area, ap-
petite, dietary quality (HEI), daily calories, protein, and fat intake,
pro-inflammation biomarkers (IL-6 and/or CRP), physical activity
(energy expenditure), prevalent diseases (cardiovascular disease,
hypertension, cancer, diabetes, and pulmonary disease), and num-
ber of prescription medications were selected a priori based on
known risk factors of weight change and metabolism in older adults
reported in literature (Cao et al., 2019; Lee et al., 2004; Sahyoun
et al., 2004). Total body fat was not adjusted in the fully adjusted
model due to its high correlation with BMI. We examined the extent
to which these variables explained the BMI-adjusted associations
between metabolites and weight change using percent attenuation
calculated as 100%(51-2)/p1, where 1 is the age, race, sex, and
BMI-adjusted beta coefficient between weight change and metab-
olite values and 2 is the beta coefficient after further adjusting for
other important risk factors. The significance level was assumed to
be 0.05. To account for multiple comparisons, we used a Benjamini-
Hochberg correction with 5% false discovery rate (FDR) (Benjamini

& Hochberg, 1995). All statistical analyses were conducted using R

software version 4.2.1 (R Foundation for Statistical Computing).

3 | RESULTS

Participants were, on average, 74.7 years old at Year 2 visit, including
50% men, and 35% reporting Black race. Weight change groups
varied by race, education, smoking, body composition, IL-6, CRP, and
number of prescription medications. Older adults with unintentional
weight loss were more likely to be Black, smokers, less overweight
or obese, and had lower education, energy expenditure, total body
fat, and percentage body fat. They also had smaller mid-thigh muscle
areas, higher calorie, and dietary fat intake, and higher IL-6 levels
compared to those with stable weight. Conversely, those with
intentional weight loss were more likely to be overweight and obese,
with higher total and percentage body fat, larger mid-thigh muscle
areas, higher CRP levels, and more prescription medications, but
lower calorie, carbohydrate, and dietary fat intake. Weight gainers
were less likely to be men compared to those with stable weight.
(Table 1) Exploratory analysis showed no significant differences
in clinical blood kidney, blood glucose, and lipid biomarkers across
weight change groups. Participants with unintentional weight loss
had lower baseline leptin levels than other groups. (Table S2).

On average, those with unintentional weight loss lost 4.6%, on
average, of body weight from Years 2 to 3 and 5.8% from Years 2 to
4, followed by 4.3% and 5.5% in the intentional weight loss group.
The weight stable group gained 0.1% from Years 2 to 3 but lost 0.2%
from Years 2 to 4. The weight gain group showed increases of 4.2%
and 3.5% body weight from Years 2 to 4, respectively. (Figure 1).

Out of 442 unique metabolites analyzed, 109 were associated
with weight change groups (p<0.05) after adjusting for age, race,
and sex, and 5 remained significant after adjusting for multiple com-
parisons (FDR <0.05). After further adjusting for BMI categories, 97
unique metabolites were significantly associated with weight change
groups (p<0.05), including 5 with intentional weight loss, 77 with un-
intentional weight loss, and 30 with weight gain when compared with
weight stable participants. (Figures 2-4) There was no statistically
significant non-linear term for any metabolites after adjusting for
multiple comparisons (all FDRs>0.05). There was no statistically sig-
nificant interaction between the metabolites and race, sex, and BMI
categories after adjusting for multiple comparisons (all FDRs>0.05).
Subgroup analyses for the 97 metabolites across race and sex, as well
as across BMI categories, are presented in Tables S3 and S4.

Among the 77 metabolites significantly associated with unin-
tentional weight loss (p<0.05), higher levels of 7 fatty acids, 2 acyl-
carnitines, 3 phospholipids, 3 triglycerides (TG(44:0), TG(46:0), and
TG(46:1)), 3 amino acid derivatives, 7 other organic acids, 7 organic ox-
ygen compounds (sugars), and 7 other organic compounds were linked
to higher odds of unintentional weight loss. Conversely, lower levels
of 11 triglycerides with more double bonds (majority 27), 6 phospha-
tidylcholines and plasmalogens, 5 phosphosphingolipids, 2 phosphoe-
thanolamine and plasmalogens, 1 phosphoserine, 3 cholesterol esters,
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(Continued)

TABLE 1

Weight change group

Weight stable

Weight gain

Unintentional weight loss

Intentional weight loss

Overall

Characteristic

Prevalent disease

Year 2

269 (27%)
491 (50%)
367 (37%)
177 (18%)

60 (25%)

64 (29%)

19 (19%)
58 (59%)

39 (39%)
18 (18%)

412 (27%)
794 (52%)
595 (39%)
278 (18%)

Cardiovascular disease

Aging

127 (54%)

99 (42%)
41 (17%)

118 (54%)
90 (41%)
42 (19%)

Hypertension

Diabetes

Cancer

Baseline

42 (4%)
96 (10%)

88 (9%)

13 (6%)

19 (8%)
25 (11%)

27 (11%)

11 (5%)
30 (14%)

11 (5%)
31 (14%)

1(1%)

67 (4%)

Peripheral artery disease

11 (11%)

8 (8%)
6 (6%)

156 (10%)
132 (9%)
165 (11%)

Osteoarthritis

Depression

101 (10%)

Pulmonary disease

g
b
o
d
o
N

3.0(1.0-5.0)

3.0(1.0-4.0)

3.0(1.0-5.0)

2.0(1.0-4.0)

Total prescription medications (n)*

YAO ET AL.

Note: Weight change was defined as >3% annual weight change from Years 2 to 3 and to year 4 visits.

*p<0.05.

2 amino acids, 3 nucleosides/nucleotides and analogs (uridine, ADP,
ATP), and 5 other organic compounds were linked to higher odds of
unintentional weight loss. Only three metabolites, including TG(56:8),
uridine, and uracil, remained significant after multiple comparison ad-
justment when compared with weight stable (FDR <0.05).

Furthermore, one triglycerides (TG(54:2)) and one bile acid (ur-
sodeoxycholic acid) were associated with higher odds of intentional
weight loss, while lower levels of two cholesterol esters and one
acyl-carnitine were associated with higher odds of intentional weight
loss compared with weight stable (p <0.05). For weight gain, higher
levels of three medium-to-long chain fatty acids, one amino acid (di-
methylglycine), and one other organic acid (N1-acetylspermidine),
and two other organic compounds were linked to higher odds of
weight gain, while lower levels of five triglycerides with 27 double
bonds, ten phospholipids, one medium-chain saturated fatty acid
(azelaic acid), three amino acids, three other organic acids, and uracil
were linked to higher odds of weight gain (p <0.05). No metabolite
associations for intentional weight loss or weight gain remained sig-
nificant after adjusting for multiple comparisons.

Figure 5 illustrates the percent attenuation in associations be-
tween each of the 77 single metabolites and unintentional weight
loss compared with weight stable after adjusting for additional po-
tential confounders. Most single risk factors, except for mid-thigh
muscle area, prevalent/history of diseases, and appetite, attenuated
less than 20% of the metabolite associations of unintentional weight
loss compared with weight stable. Prevalent or history of diseases
attenuated half of the metabolite associations by >5.5% and par-
ticularly the association for hexose by 35%, myo-inositol by 26%,
theophylline by 25%, and N-formylmethionine by 20%. Specifically,
diabetes alone attenuated the association between hexose and un-
intentional weight loss by 30%. Lower mid-thigh muscle area atten-
uated associations of glucosan and homoarginine with unintentional
weight loss by 20% and 22%, respectively. The percent attenuation
due to adjusting for lower muscle mass was greater than that due to
total fat mass for majority of the metabolites including triglycerides,
most phospholipids, organic acids such as tryptophan, and ADP.
Poorer appetite attenuated associations between two metabolites
and unintentional weight loss by 20%-21%, including CAR(6:0) and
3S-hydrocyhexanoic acid. Compared with adjusting for dietary risk
factors and physical activity, the percent attenuation for most me-
tabolites (n>40) were greater when adjusting for appetite. The fully
adjusted model showed that 16 metabolite associations were atten-
uated by 20%-48%, including 2 cholesterol esters, 5 phospholipids,
carboxyibuprofen, N-formylmethionine, theophylline, glucosan, glu-
curonic acid, myo-inositol, suberic acid, N1-acetylspermidine, and
N4-acetylcytidine. Forty-seven metabolites remained significantly
associated with unintentional weight loss in the fully adjusted model.

4 | DISCUSSION

In this biracial older cohort, we observed distinct metabolomic
patterns associated with subsequent unintentional weight loss,
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intentional weight loss, and weight gain over 2years, highlight-
ing a need to differentiate between intentional and unintentional
weight loss in older adults. The metabolites associated with unin-
tentional weight loss were implicated in amino acid metabolism,
mitochondrial dysfunction, and inflammation, which were also
related to insulin resistance, sarcopenia, and composite healthy
aging (Guasch-Ferré et al.,, 2016; Long et al., 2020; Marron
et al., 2019, 2024). While prevalent diseases, lower muscle mass,
poorer appetite, and the combination of lifestyle and health
condition risk factors explained part of these associations, the
majority remained robust and independent of the potential con-
founders included.

Many lipids and lipid-like molecules showed varied associations
with different weight changes. For example, triacylglycerols (TAGs)
with more double bonds were associated with lower odds of unin-
tentional weight loss only, while TAGs with fewer double bonds were
associated with higher odds of intentional weight loss only. This dis-
tinction highlights the need to distinguish between intentional and
unintentional weight loss among older adults to avoid reverse cau-
sality in observational studies. In the Framingham Offspring study,
studies have found higher levels of several TAGs with fewer double
bonds associated with higher BMI cross-sectionally (Ho et al., 2016)
but more weight loss (Geidenstam et al., 2019), whereas TAGs with
more double bonds associated with lower BMI (Ho et al., 2016) but
less weight loss (Geidenstam et al., 2019). This suggests that the
positive relationship between certain TAGs and intentional weight
loss could be confounded by underlying indications (e.g., high BMI-
related health conditions) that drive older adults to lose weight
intentionally. A weight control intention might mask the true meta-
bolic mechanisms underlying weight regulation of older populations

Intentional weight loss E=j Weight gain

in observational, particularly cross-sectional but also longitudinal,
studies.

Higher levels of TAGs with more carbon and double bonds were
associated with a lower odds of unintentional weight loss, which re-
main significant after adjusting for important risk factors. This find-
ing is consistent with previous findings that TAGs with more double
bonds were associated with more weight gain in adults (Geidenstam
et al., 2019). TAGs with more double bond content might help main-
tain a stable weight in older adults not intended to lose weight. TAGs
of higher carbon number and double bond content were associated
with lower risk of diabetes (Rhee et al., 2011). In addition, during
oral glucose tolerance testing, pharmacologic interventions, and
acute exercise testing, these TAGs increased in response to insu-
lin action and were poorly correlated with insulin resistance (Rhee
et al., 2011). Therefore, higher concentrations of selected plasma
TAGs might be indictive of lower risks of both metabolic disorders
related to insulin resistance and unintentional weight loss in older
adults. On the other hand, unintentional weight loss in older adults
might have a metabolic dysregulation underpinning which might be
subclinical and might not be detectable by clinical biomarkers such
as hemoglobin Alc and fasting glucose. Lower levels of selected cir-
culating TAGs might help identify older adults at risk for metabolic
and weight changes.

Higher levels of several phospholipids and derivatized lipids
(sphingomyelins, phosphatidylcholines, phosphatidylethanolamine
plasmalogens) were generally associated with lower odds of unin-
tentional weight loss, particularly those of longer carbon-chain.
Supporting our findings, higher levels of most PCs with more double
bonds were associated with lower risk of diabetes while higher levels
of some other PCs were associated with higher risk of diabetes in
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FIGURE 2 (A) Significant associations (p <0.05) between triglycerides (per one standard deviation of log-transformed values) and weight

change groups from multinomial logistic regression adjusting for age, sex, race, and BMI category in Health ABC participants (N=1536)

(B) Significant associations (p <0.05) between phospholipids (per one standard deviation of log-transformed values) and weight change
groups from multinomial logistic regression adjusting for age, sex, race (minimally adjusted), and BMI category in Health ABC participants
(N=1536) (C) Significant associations (p <0.05) between other lipids and lipid-like molecules (per one standard deviation of log-transformed
values) and weight change groups from multinomial logistic regression adjusting for age, sex, race (minimally adjusted), and BMI category in
Health ABC participants (N=1536) Metabolites were organized by Human Metabolome Database Taxonomy sub class and the odds ratios
for unintentional weight loss. T represents metabolites significantly associated with unintentional weight loss relative to weight stable after

multiple comparison adjustment (FDR <0.05).
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FIGURE 3 Significant associations (p<0.05) of amino acids/peptides and analogs and other organic acids (per one standard deviation of
log-transformed values) with weight change groups from multinomial logistic regression adjusting for age, sex, race (minimally adjusted), and
BMI category in Health ABC participants (N=1536) Metabolites were organized by Human Metabolome Database Taxonomy sub class and
the odds ratios for unintentional weight loss.
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FIGURE 4 Significant associations (p <0.05) of remaining metabolites (per one standard deviation of log-transformed values) with
weight change groups from multinomial logistic regression adjusting for age, sex, race (minimally adjusted), and BMI category in Health
ABC participants (N=1536) Metabolites were organized by Human Metabolome Database Taxonomy sub class and the odds ratios for
unintentional weight loss. T represents metabolites significantly associated with unintentional weight loss relative to weight stable after

multiple comparison adjustment (FDR <0.05).

adults (Floegel et al., 2013). This again emphasized the significant
metabolic alteration underlying unintentional weight loss. In ad-
dition, among all significant metabolites, we observed the greater
percent attenuation after further adjustment of pro-inflammation
markers in three phosphatidylcholines (PC(40:6), PC(40:9), and
PC(38:6)) than other metabolites, supporting an inflammation path-
way of unintentional weight loss. Several phospholipid species
have been considered as modulators of inflammation and apop-
tosis (Bozelli Jr. et al., 2021; Gonzalez-Covarrubias, 2013; Wallner
et al., 2018). In addition, phospholipids might also protect against
oxidative stress (Johnson & Stolzing, 2019). These results under-
score the importance of chronic inflammation in biological and
maybe pathological aging (inflammaging) (Ferrucci & Fabbri, 2018;
Franceschi et al., 2017, 2018).

Interestingly, we observed negative associations of branched-
chain amino acids (BCAAs) and aromatic amino acids (AAAs) with
unintentional weight loss, although some were borderline signif-
icant, even after adjusting for protein intake, contrary to findings
in obesity (Ahmad et al., 2022), weight gain (Wahl et al., 2015) and
diabetes (Guasch-Ferré et al., 2016; Long et al., 2020) among adults
but is consistent with those for sarcopenia in older individuals (Lu
et al., 2020). BCAAs and AAAs are crucial for protein synthesis and
energy production with BCAAs also inhibiting protein catabolism.
Our observations suggest that muscle wasting may play a critical
role in unintentional weight loss and its related adverse outcomes.

While insulin can significantly increase muscle protein synthesis in
young adults when muscle amino acid availability is increased (Fujita
& Volpi, 2006), healthy, nondiabetic older humans exhibit resistance,
requiring supraphysiological hyperinsulinemia for stimulation (Fujita
et al., 2009; Fujita & Volpi, 2006). Despite this resistance, older mus-
cles still respond to amino acids, particularly BCAAs, which stimu-
late muscle protein synthesis in older adults (Fujita & Volpi, 2006).
Therefore, despite the potential muscle wasting effect of insulin re-
sistance with aging, higher circulating amino acids might help reduce
the risk of sarcopenia in older adults.

To summarize, the observed metabolite correlates underscore
the importance of amino acids and lipids metabolism in subsequent
unintentional weight loss. Subclinical metabolic change and muscle
wasting related to inflammation, energy metabolism, and protein
catabolism may be the key to understand unintentional weight loss
in older adults. Indeed, lower amino acids including BCAAs and
AAAs, and lower phospholipids were also related to frailty and its
energy level and weight loss component in older adults (Marron
et al., 2019, 2024). Moreover, the observed negative associations
between ADP and ATP with unintentional weight loss also suggest
that a deficiency in energy production might contribute to uninten-
tional weight loss and frailty in older adults. These findings, taken
together, may indicate a critical role of mitochondrial dysfunction
in unintentional weight loss and its related health outcomes among
older adults. Supporting this notion, previous studies have found
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FIGURE 5 Percent attenuation in the association between a metabolite and unintentional weight loss relative to weight stable after
adjusting for potential confounding factor(s) in addition to age, sex, race, and BMI category among 77 significant metabolites (p <0.05)
Metabolite were organized by the Human Metabolome Database taxonomy super class and subclass. Percent attenuation=100%(51 - 2)/1,
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that TAGs, phospholipids, and BCAAs were significantly associated
with mitochondrial function in animal models and human research
(Aflaki et al., 2011; Vue et al., 2023; Zhenyukh et al., 2018).

We found that prevalent diseases explained many metabolite
associations by at least 5%, suggesting a role of diseases such as di-
abetes underlying unintentional weight loss. It is also worth noting
that lower baseline muscle mass showed a more substantial impact
on observed metabolite associations than body fat did, both on av-
erage and particularly for certain metabolites. This, again, empha-
sized a potentially critical role of low muscle mass, which can result
from muscle wasting, in the metabolism and unintentional weight
loss pathways. Additionally, poorer appetite also exhibited a more
substantial impact on most metabolite associations with uninten-
tional weight loss than dietary quality, dietary intake, and physical
activity level. Poor appetite might be either a confounding factor or

a mediator in the metabolism-unintentional weight loss pathways.
Loss of appetite or so-called anorexia, regardless of cause, is a signif-
icant risk factor for unexplained weight loss in older adults (McMinn
et al., 2011). In our study, poorer appetite was more common, while
the calorie intake was higher and the energy expenditure by physi-
cal activity was lower, in older adults who subsequently lost weight
unintentionally than in those who intended to lose weight. These
potentially indicate a complex but unknown interplay between me-
tabolism, appetite, and unintentional weight loss, which might be in-
dependent of dietary intake and physical activity. However, despite
their lack of impact on unintentional weight loss-related metabolite
associations, this does not rule out the potential beneficial effect of
diet and exercise intervention in preventing sarcopenia during unin-
tentional weight loss. Although most individual risk factors did not
have a pronounced impact on the observed metabolite associations,
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the combination of these risk factors did affect 14 metabolites.

This suggests that many metabolite associations with unintentional
weight loss and their related pathways may be attributed to known
risk factors. Nevertheless, the majority of the observed metabolite
associations with unintentional weight loss remained robust against
potential lifestyle and health conditions observed before the weight
change occurred.

Strengths of our study included a well-characterized, biracial
older population with prospective assessment of intention before
repeated body weight, and a detailed lifestyle and metabolic quanti-
fication, enabling the interrogation of the pathways of unintentional
weight loss. Our prospective design provides a piece of temporal
evidence that allows us to speculate the direction of a potential
causal relationship. However, we are not able to rule out the possi-
bility of reverse causality or bi-directional relationship. In addition,
our findings need to be interpreted with consideration of some lim-
itations. First, the generalizability of our results was limited by the
relatively healthy study population. Future studies in older adults
across a wider functional range are warranted to validate our find-
ings. Second, weight loss intentions might have changed over time.
Using baseline intention to extrapolate participants' intention during
a 2-year period might underestimate the metabolite associations
of unintentional/intentional weight loss. Third, like other observa-
tional studies, despite our effort to control for potential confound-
ers, residual confounding might exist. Last, no easy method exists to
comprehensively measure circulating metabolites such as TAGs with
varied carbon and double bond contents, thus the application of the
findings is currently limited.

In conclusion, we identified metabolic signatures of incident un-
intentional weight loss distinct from intentional weight change in a
large group of White and Black older Americans. These metabolic
characterizations involve lipid metabolism and amino acid metabo-
lism pathways related to mitochondrial dysfunction, oxidative stress,
protein catabolism and inflammation. The combination of known
lifestyle risk factors and health conditions can account for part of
these metabolic profiles, with chronic diseases, low muscle mass and
poor appetite appearing to play a more prominent role in at least
some metabolic mechanisms of unintentional weight loss. Future in-
vestigations of metabolic function in related pathways, muscle loss,
poor appetite, and weight regulation in older populations are war-
ranted to validate our results.
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