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Sarcopenic obesity and depression: A systematic review
Background

Sarcopenic obesity (SO) is a condition combining two important public health issues
commonly seen amongst older individuals, obesity and sarcopenia. Depressive
symptoms are common among older people, whose population is increasing
worldwide. Obesity and sarcopenia alone, are clearly associated with depression while
the coexistence of these two conditions (SO) upon depressive disorders is currently
unclear. We aimed to systematically review the association between primary SO and

depressive disorders.
Methods

Searches were run on MEDLINE, EMBASE, PsycINFO, and CINAHL (inception to
June 2019). One reviewer screened titles, abstracts, and full-texts, with 10% checked
independently by a second reviewer. Cohort and cross-sectional studies were included.
Two reviewers independently assessed risk of bias using the Mixed Methods Appraisal

Tool. Results were narratively synthesised.
Results

Out of the 7 studies eligible for inclusion, evidence of sarcopenic obesity as a predictor
of depressive symptoms was found in two studies. The main observed trend was that
diagnosing sarcopenia using muscle strength led to significant associations between
sarcopenic obesity and depressive symptoms. Two cross-sectional studies found a
significant association between SO and depressive symptoms, whilst three others
found no statistically significant associations. All possessed some methodological

limitations.



Discussion

This is the first review to systematically examine a potential relationship between
sarcopenic obesity and depressive disorders. Currently, the results are heterogeneous
due to the large variability in assessment methods and outcome measurements. Future
longitudinal studies would achieve greater confidence in the provisional conclusion
that sarcopenic obesity, when measured using muscle strength, is associated with

depressive symptoms.
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Introduction

In 2015, it was estimated that 39% of the world’s population were overweight or obese
(1) and this is progressively increasing. Obesity is associated with a range of adverse
outcomes, including a greater risk of diabetes, cardiovascular disease and mortality
(2). Among obese populations, depression’s prevalence is elevated and a bidirectional
effect is usually implied in studies. It has been observed that in extreme weight
measurements (underweight and obese), the prevalence of depression is higher, by
23% among obese participants (3). Concurrently, depressed individuals are
significantly more likely to develop obesity than those who are not depressed (4).
Additionally, obesity increases the risk of depression (5). A meta-analysis including
cross-sectional studies revealed a strong positive association between obesity and

depression in the general population, confirming the previous findings (6).

Approximately 20% of people aged over 60 experience a mental disorder while

amongst them 7% are diagnosed with depression (7). Depression is associated with



greater functional decline, poorer quality of life and increased use of healthcare
services. Common characteristics include feelings of sadness, emptiness, irritability
and mood dysregulations along with cognitive and physical impairments which disrupt
the person’s functionality (8). It has also been argued that additional changes in
physiological function that should be measured such as sleep disturbances, loss of
appetite, fatigue, hopelessness and cognitive impairments should be taken into account

when diagnosing depression in older people (9).

There is a global increase in the older population and by the year 2050, the proportion
of the world’s population aged over 65 years old will reach 22%, compared to the 12%
documented in 2015 (7). Ageing is accompanied by losses in muscle mass and muscle
strength leading to ‘primary sarcopenia’ (10). There are different working groups on
sarcopenia (European Working Group on Sarcopenia in Older People (EWGSOP), the
Asian Working Group (AWGS), International Working Group on Sarcopenia) which
all exhibit differences in standards and cut-off points for defining sarcopenia. The
Asian Working Group (AWGS) considers muscle mass as a primary indicator but uses
different cut-off values due to morphological differences between the Caucasians and
Asians (11). The International Working Group on Sarcopenia based the diagnosis on
low fat-free mass combined with inadequate physical functioning (12). A recent meta-
analysis concluded that sarcopenia is positively associated with depression rates
among the elderly (13). Whilst sarcopenia is recognised as a disease primarily
affecting older people, it may also be a comorbidity of a health condition, which is
defined as secondary sarcopenia (14). Chronic inflammation from a health condition
is paired with an increased circulation of pro-inflammatory cytokines which shift the
balance of protein turnover promoting muscles’ catabolism and thus, secondary

sarcopenia (15).



Obesity can exacerbate sarcopenia (10) through further loss of muscle mass due to its
infiltration by the adipose tissue (16). Sarcopenic obesity (SO) is therefore a
combination of excessive adipose tissue and decreased skeletal muscle mass and
strength (17). Factors involved in the pathogenesis of sarcopenic obesity include
ageing, sedentary lifestyle, increased energy intake, insulin resistance, inflammation,

and oxidative stress (18).

A plethora of complications are attributed to sarcopenic obesity. In a meta-analysis of
prospective studies, there was a 24% increase in the mortality rate attributed to all-
cause mortality in sarcopenic obese adults compared to the non-sarcopenic obese
adults (19). The disability burden is exacerbated; weakness due to sarcopenia is
combined with the need to support added weight from obesity (20). Reduced muscle
strength increases the risk of falling which in combination with age-related declines in
bone density, poses a major risk of fractures (21). There is a negative correlation
between body mass index (BMI) and quality of life, which increases in the presence
of sarcopenia (22). There are various ways in which SO appears to influence the

quality of life, including reducing exercise ability, daily activity and self- care (23).

In a longitudinal study, low grip strength, used as the measurement for the diagnosis
of sarcopenia, was associated with depressive symptoms and interestingly, the
relationship was present only between those participants classified as obese (24),
posing an intriguing scenario of a potential synergistic effect of increased fat mass and
sarcopenia on the onset of depression. There is some evidence stemming from
individual studies suggesting that increased fat mass and decreased muscle mass,

alone, are associated with a worse psychological condition (21).



Although previous reviews have assessed the relationship between sarcopenia and
depression (13), no previous review has assessed the relationship between sarcopenic
obesity and depression. Therefore, the main aim of this review is to investigate the
association between sarcopenic obesity and depression. In parallel, it may trigger
future research on a possible ability of sarcopenic obesity to predict the development
of depressive disorders. The review focuses on primary sarcopenic obesity as
secondary sarcopenic obesity may have other confounding factors in relation to the

health condition itself and depression.

Methods

We carried out a systematic review of observational studies, assessing the association

between sarcopenic obesity (SO) and depression.

Data sources and search strategy

We searched MEDLINE, EMBASE, PsycINFO, and CINAHL (inception to June
2019), using a combination of subject heading and free text terms relating to obesity
(including “high fat mass”, “adiposity”, “increased BMI”), sarcopenia (including
“reduced muscle mass”, “reduced muscle strength”, “muscle atrophy”), and depressive
disorders (including “depressive symptoms”, “low mood”, “dysthymia”). All relevant
papers written in any language were included to avoid language bias. We did not

search for or include grey literature as this was felt to be an unlikely source of cohort

and cross-sectional studies.

Study selection



Titles and abstracts were screened by one reviewer (IP) for eligibility, with 10%
checked by a second reviewer (RF). Agreement was 97.46%. Full texts were screened
by one reviewer (IP), and two additional reviewers (RF and AS) checked those

assessed as eligible for inclusion and those considered unclear.

Inclusion criteria: cohort and cross-sectional studies; adults (>18 years of age, as
although typically age-related declines in muscle strength and function are only seen
after age 50, there are individual variations affecting this (25)), with primary (age-
related) sarcopenia and co-existing obesity, located either in the community or in a
specific care setting; assessing depression as an outcome using a questionnaire or self-
reported or clinician diagnosis, including major depression or depressive
symptomatology. As the European Working Group definition is relatively recent and
is not used worldwide, in order to find the full range of relevant studies, primary
sarcopenia in this review could be measured as muscle mass, muscle strength or both
(although currently, low handgrip strength is the main determinant for the diagnosis of
the condition). As the relationship between factors can be bi-directional, it was also
regarded as appropriate to include and discuss studies assessing obesity status and
depressive symptoms as predictors for a measured decline in muscle strength

(sarcopenia), to investigate the direction of relationships between these variables.

Exclusion criteria: Studies only assessing outcomes such as quality of life, wellbeing
or other psychiatric conditions were excluded. Studies focusing on patients with a
particular health condition (e.g. cancer, diabetes) were excluded, as features of

individual diseases may independently influence the risk of depression.

Quality assessment



The risk of bias within eligible studies was assessed with section 3 of the Mixed
Methods Appraisal Tool (MMAT) (26). A second reviewer (RF) independently rated

each study as well, with disagreements resolved through email discussion.
Data extraction and data synthesis

A data extraction form was designed to extract all relevant and necessary data
including each study’s design, the number and age of participants, the diagnostic tools
used to assess sarcopenic obesity and outcome measured (major depression, depressive

symptomatology, onset of depressive symptoms, etc.) and tool(s) used to assess it.

Meta-analysis was intended to be undertaken where possible. However, in many cases,
this was precluded due to heterogeneity in methods and in measures used between
studies. In two studies which were eligible for meta-analysis, there was substantial
statistical heterogeneity (I? = 86%) due to large variation in sample sizes, and so we
have not reported this in our results. The remaining studies were tabulated and
narratively synthesised. Due to the wide diversity in definitions and measures used for
both predictors and outcomes, studies are critically compared and contrasted, with

considerations for quality and methodological approaches.
Results

Out of the 757 initial citations identified, of which 556 remained after removing
duplicate data, the final screening identified seven studies fulfilling the inclusion
criteria (Figure 1.). Out of the nineteen studies which were screened full- text, twelve
were excluded. A common justification for exclusion was that some of the studies were
not assessing the predictor of interest, which was the co-existence of sarcopenia and

obesity defined as sarcopenic obesity (n=6), or they did not measure for the outcome



of interest, which was depressive symptoms (n=2), or both (n=2). Two studies were

excluded due to their design (they were reviews).

Of the seven included studies, four were cross- sectional, two used a longitudinal
design while one of them (27) incorporated both design methods. Five assessed the
relationship between sarcopenic obesity and depression, and two assessed whether
obesity and depressive symptoms predicted declines on handgrip strength. Two were
carried out in the USA, one in Japan, one in England, two in Korea and one in the
Netherlands. Participants’ mean ages varied from 43.3 years to 77.1 years, and sample

sizes ranged from 506 to 11521.

Sarcopenic obesity was assessed with a combination of measuring sarcopenia and
obesity. Obesity was measured either using BMI, (24, 28, 29, 30), waist circumference
(23, 27) or body fat percentage (31); whilst sarcopenia was assessed using handgrip
strength in five studies (24, 27, 28, 30, 31) and appendicular skeletal mass in two

studies (23, 29).

Depressive symptoms were measured using: a positive response to the question ‘In
the past year, have you felt sadness or despair continuously for two or more weeks
that was severe enough to interfere with daily life?’ alone (23) or also asking for self-
reported diagnosis (29), the Centre of Epidemiological Studies Depression Scale (24,
32) or a shorter adaptation (28, 33); 15- item self-reported Geriatric Depression Scale
(GDS), (31) validated for the Japanese population (34); the Patient Health
Questionnaire (PHQ-9) (30), which is 9-item depression screener (35); or the
Composite International Diagnostic Interview (CIDI version 2.1) (36) to assess the

presence of depression or dysthymia according to the (DSM-IV-TR) (27).

[Figure 1. PRISMA Flow Diagram (37)]



Risk of bias within included studies

Table 1, summarises the quality assessment process. /[Table 1 here].

Overall, the majority of studies met most quality criteria. The purpose of this study
was to detect adults with age-related sarcopenia so the population included in each
study was judged as appropriately selected. Since there is no consensus respecting the
definition of sarcopenic obesity no strict judgment could be made regarding the
appropriateness of the measurement of the predictor, so this was divided into
appropriateness of sarcopenia measure and appropriateness of obesity measure.
Moreover, given the small amount of literature available, it was thought as most
appropriate to be more lenient in quality assessment regarding variability between the

studies’ definitions.

This fact, along with the differences in population characteristics across the studies
(different ethnicities, races, ages included) increases the heterogeneity. All studies
adjusted their models for covariates (demographic, socioeconomic or clinical factors),

but different kinds and numbers were used across them.

Longitudinal associations between sarcopenic obesity and depression

Within the two longitudinal studies (Table 2.), there was high quality evidence that
sarcopenic obesity was associated with higher risk of depressive symptoms at 6 years
follow up, which weakened slightly but was still significant after adjusting for
covariates (adjusted OR 1.79 (1.10, 2.89), reference group non-obese, non-sarcopenic
adults) (24). In a smaller depressed Dutch cohort, there was a significant interaction
between sarcopenia and obesity (when measured continuously as low handgrip
strength and waist circumference) in predicting non-remission of depressive symptoms

after 2 years; in the sarcopenic group an increase in waist circumference was
10



associated with an adjusted OR 1.06 [1.01 — 1.11] (27). When assessed dichotomously,

this association was not found (OR=1.54 [95% CI: 0.75 — 3.16], p=.241).

Cross-sectional associations between sarcopenic obesity and depression

Evidence for cross-sectional associations was conflicting (Table 3). Associations were
mostly observed in studies of better quality. Sarcopenic obesity was significantly
associated with an increased risk of depressive symptoms in one high quality large
Japanese study in older adults (adjusted OR 2.79 (1.43-5.43), p=0.003, compared to
the reference group of non-obese, non-sarcopenic adults) (31). In the adjusted model,
there was also a significant interaction between sarcopenia and obesity as two
independent variables. However, the increased risk of depressive symptoms was seen
most strongly in those aged 65-74 years old (adjusted OR 6.05 (1.89-19.38), p=0.003)
and became non-significant in those aged >75years old (adjusted OR (1.77 (0.75—

4.18), p=0.2) (31).

Within the Korean National Health Study, sarcopenic obesity was examined in
relation to the umbrella term of “psychological health”, separately in two age groups;
>=60 years old and those of a younger age. Focusing on subgroup analysis,
associations with depressive symptoms, suicidal ideation and perceived stress for
those aged >=60 were non- significant (adjusted OR 0.95 (CI 0.66-1.38)) compared
to the younger age group who exhibited significant associations with both perceived
stress and suicidal ideation, but not depressive symptoms. Interestingly, in the <60
age group associations of SO with perceived stress were stronger than in the general

obesity group, implying an important additional effect of sarcopenia on obesity (23).

Two other studies did not find an association. In one large Korean study, a self-

reported depression diagnosis and depressive symptoms had a higher prevalence
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within sarcopenic obese participants, but this was not statistically significant in an
unadjusted Chi-squared test across any age group (29). Similarly, the NESDO found
no cross-sectional association between sarcopenic obesity and depression (adjusted
OR 1.09 [0.54 — 2.23]), whether measured continuously or dichotomously (27).
However, NESDO recruited participants on the basis of having depression, in addition
to a smaller number of healthier controls, and the representativeness of this cohort is

questionable.
Studies of obesity and depression as a predictor of sarcopenia

In a moderate quality longitudinal study (28), older adults with the coexistence of an
increased BMI and depressive mood did not exhibit significant declines in handgrip
strength compared to the reference group of those with increased BMI and no
depressive symptoms (adjusted OR not reported, no difference when adjusted for
antidepressant use). However, within this study, an overweight BMI cutoff (>25kg/m?)
rather than an obese cutoff, was used and participant’s age range may be considered
high (71-92 years). In another high-quality cross-sectional study, among obese adults
aged >60, both men (adjusted OR —3.72 (=7.00 to —0.43)) and women (adjusted OR
—1.83 (—2.87 to —0.78)) with moderate to severe depressive symptoms had lower
handgrip strength compared to those with no depressive symptomatology (30).

Associations were not significant for those with mild depressive symptoms (Table 4.).
[tables 2, 3 and 4 here]
Discussion

The original motive of the present review was the examination of the effect of
sarcopenic obesity on depressive disorders. The included studies found limited

evidence that sarcopenic obesity increases the risk of depressive symptoms and non-
12



remission of depression. Cross-sectional studies were heterogenous, but suggested
associations may exist in studies where handgrip strength is used as the primary
definition for sarcopenia, with stronger associations in younger populations. These

heterogeneous results may be explained in a number of ways.

Firstly, studies using muscle strength to define sarcopenia were more likely to report
significant associations with depressive symptoms. The two studies using muscle mass
to define sarcopenia without considering muscle strength did not find an association.
The revised guidelines for sarcopenia (10), suggest that handgrip strength is a better
indicator of muscle function and is preferred over measures of muscle mass alone,
although this derives from a European Working Group, and other groups (e.g. the
Asian Working Group) may use measures more relevant to their populations.
Although low muscle mass explains 13% of the variance in muscle strength (38), other
parameters such as age and fat mass are equally recognised as crucial determinants
(39). As obesity can incorporate an increase in muscle as well as fat mass, in obese
individuals quantity of muscle mass is commonly found to be normal while its quality
is insufficient (40). While in normal-weight individuals mood is not correlated with
muscle mass, studies using hand-grip strength as a useful measurement of general
muscle function, report a significant association between low hand- grip strength and
depressive symptomatology (41, 42). In obese individuals, anxiety and depression
levels are influenced by lean mass reductions paired with its infiltration by the adipose
tissue (43). Other studies have also concluded that it is only in the presence of obesity
when sarcopenia is related to some health complications (44, 45), nominating muscle
tissue’s condition as a reason for variations in health between obese and non-obese
individuals. Another study suggested a synergistic effect of low grip strength and

depression on all-cause mortality in older adults (46).
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Another explanation may be the obesity definitions used. In an earlier study examining
the relationship between body composition and depression amongst older people no
association between central obesity and depression can be found (47). At the same
time, what is already known is that abdominal fat is more pathogenic than
subcutaneous. In a large studied sample from NHANES, participants classified as
overweight using BMI, with an increased waist circumference, had a greater
prevalence of depression (48). On the current review, studies using waist
circumference (23, 27), were less likely to find a cross sectional association than those

using BMI as a diagnostic criterion.

Similarly, use of lower obesity cutoffs for BMI (25 rather than 30kg/m?), may also
impact upon outcomes. The cut off point for obesity diagnosis in Caucasians is 30
kg/m?, while for Asian populations BMI should be 27.5 kg/m? or higher (49, 50). The
earliest study included found no association between elevated BMI (>25kg/m?) and
depression based on baseline measurements (28). This is in contrast with current
knowledge since the relationship between depression and obesity is confirmed by a
plethora of evidence (4, 5). A meta-analysis including cross-sectional studies revealed
a strong positive association between obesity and depression in the general population
confirming the previous findings (6). In those papers finding a significant association,
these were much stronger in younger than older populations, which may be related to
better mortality outcomes in obese and overweight older adults (51). One paper
included in the current review found a significant association between depressive
symptoms and SO in adults <65years old (23). This could be an insight suggesting that
it is equally important for younger obese adults to be screened for primary sarcopenia
since deteriorations on muscle mass may vary depending on general health and

physical condition.
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Measurement of depressive symptoms may also influence results. Self-reported mental
health is a methodologically vulnerable tool since the way people perceive their health
is controversial and could be easily influenced by many factors or even vary from day
to day and rely on experiences during the past days (52). Studies using a validated
questionnaire were more likely to report associations with sarcopenic obesity than
those using a non-validated single question (23, 29). This may relate to the broadness
of the population captured — one study (30) found that an association was only present
in those with more severe symptoms, although one study using self-reported
depression diagnoses found no association (28). No studies measured the association

between sarcopenic obesity and clinician-diagnosed Major Depressive Disorder alone.

Overall completeness, applicability, and quality of evidence

There was a limited number of papers eligible for inclusion in this review, suggesting
conclusions may be open to change in the future. Most of these were conducted
recently, reflecting that sarcopenic obesity is a condition which is gaining attention
and being more explicitly defined and understood. The results of included studies are
supported by the existing knowledge of biological and pathophysiological mechanisms
and previous work on the field, but currently are very heterogeneous in the measures

used. However, findings do stem from different countries all over the world.

Strengths and limitations

To the best of our knowledge, up to date, this is the first systematic review
investigating the association between sarcopenic obesity and depressive disorders.

Two reviewers assessed the quality of included studies.

However, limitations exist in the heterogeneity of measurement methods used.

Although currently sarcopenic obesity is identified as a condition on its own, its
15



assessment is still based on individual measurements of obesity and sarcopenia, with
no universal definition for combining the two. Some of the papers adjusted the results
for some comorbidities but possibly, results cannot be generalised to populations with
greater comorbidity. Only a few studies adjusted for anti-depressant use, which may
be a strong predictor of depressive symptoms. Another limitation is the observational
design of the studies which restricts the ability to draw conclusions regarding causal
relationships. Likewise, many of the included studies were cross-sectional, limiting

conclusions that can be drawn regarding the direction of the relationship.

Implications for practice and policy

The evidence suggests that there may be a link between sarcopenic obesity and
depressive symptoms, but that this is likely to be stronger in younger populations and
when sarcopenia is defined using handgrip strength. There is some evidence for an
interaction between sarcopenia and obesity, and that the link between sarcopenic
obesity and depression may be bi-directional, but this requires further investigation.
Health professionals should be aware that for those who are obese, low muscle strength
may further increase the risk of depressive symptoms in addition to other health issues.
In that case, they should be screened regularly for depressive symptoms so that the
effects of sarcopenic obesity may be combated with appropriate treatment strategies.
Current evidence suggests that the most effective strategies are those incorporating
hypocaloric diet (no more than 200-700 Kcals deficit to minimize muscle mass loss)
along with aerobic training for fat loss, resistance training and increased protein intake
to preserve the quality and quantity of muscles (53). The type of protein is important
which should be high quality, evenly distributed through a day aiming to achieve an

intake every 3 to 4 hours (53).
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Implications for future research

Further longitudinal studies need to be undertaken to provide definitive evidence for a
relationship between sarcopenic obesity and depressive symptoms. There needs to be
an international consensus regarding the tools, measurements and cut-off points used
in the diagnosis of sarcopenic obesity. The absence of a clear, universally established
definition introduces a big variation in the rates of sarcopenic obesity depending on
the used criteria (54), however this may be challenging given the necessary differences
in cut-offs between different populations. More attention should be drawn towards the
importance of the in-depth study of the condition and recognition of potentially
modifiable risk factors could trigger prevention strategies on a population basis. In a
society in which 39% of the population are overweight, sarcopenic obesity and its

resulting effects is likely to become a larger issue in future.

Furthermore, so far there is not an identified, accepted mechanism by which sarcopenic
obesity manifests the disturbances in depressive disorders. Gaining an understanding
of the underlying pathophysiological mechanisms would help design appropriate

tackle strategies.

Author’s conclusions

This review found limited evidence that sarcopenic obesity increases the risk of
depressive symptoms, with some conflicting findings. Reductions in obesity and
sarcopenia levels may have the potential to reduce the risk of depressive symptoms in
addition to improving functioning and reducing the risk of comorbidities such as
disability, stress and anxiety disorders, metabolic impairments such as insulin

resistance and quality of life in general.
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Appendix 1.

Database: Ovid MEDLINE (1946 to June 2019)

Search Strategy:

1 Obesity/ or obesity, abdominal/ (172169)

2 Adipose Tissue/ (75304)

3 Body Weight/ (184206)

4 obes*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (327531)

5 high fat mass.mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms] (98)

6 increased fat mass.mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms] (543)

7  (high adj3 (bmi or body mass index)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword

heading word, organism supplementary concept word, protocol supplementary
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concept word, rare disease supplementary concept word, unique identifier, synonyms]

(7077)

8 (increased adj3 (bmi or body mass index)).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique

identifier, synonyms] (7052)

9  adipos*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (145114)

10 (increased adj3 body weight).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier, synonyms] (6870)

11 lTor2or3or4orS5or6or7or8or9orl0(582990)

12 Sarcopenia/ (3242)

13 Muscle Weakness/ (7734)

14  Muscular Atrophy/ (10425)

15 Muscle Strength/ (17544)

16 Hand Strength/ (13402)
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17  sarcopen®.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (7357)

18  (musc* adj2 (strength or weak*)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]

(53934)

19 (hand grip or hand grasp or hand strength).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique

identifier, synonyms] (15269)

20 (musc* adj3 atroph*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier, synonyms] (24777)

21  (low adj3 musc* strength).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier, synonyms] (339)

22 low muscle mass.mp. (570)
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23 12orl13orld4orlSorl6orl17or18or 19 or20or21 or22 (93001)

24 Depression/ (109332)

25  depress*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (511684)

26  exp Depressive Disorder/ (103786)

27 low mood.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (681)

28  dysthymi*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms] (3514)

29 24 o0r250r26or27or28 (512814)

30 11 and 23 and 29 (181)

31 exp animals/ not humans.sh. (4586077)

32 30not31 (147)

Database: Embase (1980 to June 2019)

Search Strategy:
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1  sarcopenic obesity/ (601)

2 obesity/ (381647)

3 fat mass/ (13436)

4 obes*.mp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating

subheading word, candidate term word] (519003)

5  high fat mass.mp. (140)

6 increased fat mass.mp. (813)

7  (high adj3 (bmi or body mass index)).mp. (11623)

8 (increased adj3 (bmi or body mass index)).mp. (11638)

9 adipos*.mp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating

subheading word, candidate term word] (158110)

10 (increased adj3 body weight).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name,

keyword, floating subheading word, candidate term word] (9116)

11 2or3ord4or5or6or7or8or9orl0(626645)

12 sarcopenia/ (7769)

13 muscle atrophy/ (28783)

14 muscle strength/ (56818)

15 *muscle mass/ (3533)
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16 sarcopen®*.mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword,

floating subheading word, candidate term word] (12267)

17  (musc* adj2 (strength or weak*)).mp. [mp=title, abstract, heading word,
drug trade name, original title, device manufacturer, drug manufacturer, device trade

name, keyword, floating subheading word, candidate term word] (112004)

18  (musc* adj3 atroph*).mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name,

keyword, floating subheading word, candidate term word] (43575)

19 (hand grip or hand grasp or hand strength).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug manufacturer,

device trade name, keyword, floating subheading word, candidate term word] (14290)

20 low muscle mass.mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword,

floating subheading word, candidate term word] (995)

21  (low adj3 musc* strength).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name,

keyword, floating subheading word, candidate term word] (515)

22 exp hand strength/ (23101)

23 12orl13orld4orlS5orl6orl17or18or 19 or 20 or 21 or 22 (178749)

24 1or(11 and 23) (10080)

25 exp depression/ (427984)
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26 depressi*.mp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating

subheading word, candidate term word] (630181)

27  dysthymi*.mp. (8931)

28 mood disorder/ (40434)

29 low mood.mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword,

floating subheading word, candidate term word] (1176)

30 25o0r26or27or28or29 (679782)

31 24 and 30 (582)

32 (exp animal/ or nonhuman/) not exp human/ (5713581)

33 31 mnot32(570)

34  limit 33 to conference abstract (107)

Database: PhychINFO (1806 to June 2019)

Search Strategy:

1 exp OBESITY/ (23058)

2 exp Body Weight/ (51011)

3 exp Body Fat/ (1735)

4 obes*.mp. [mp=title, abstract, heading word, table of contents, key

concepts, original title, tests & measures, mesh] (41976)
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N

high fat mass.mp. (4)

6 increased fat mass.mp. (28)

|

(high adj3 (bmi or body mass index)).mp. (765)

(o2¢]

(increased adj3 (bmi or body mass index)).mp. (810)

9 adipos*.mp. [mp=title, abstract, heading word, table of contents, key

concepts, original title, tests & measures, mesh] (4525)

10 (increased adj3 body weight).mp. [mp=title, abstract, heading word, table

of contents, key concepts, original title, tests & measures, mesh] (570)

11 Tor2or3or4orS5or6or7or8or9orl0(68253)

12 sarcopen*.mp. [mp=title, abstract, heading word, table of contents, key

concepts, original title, tests & measures, mesh] (290)

13 exp Muscular Atrophy/ (648)

14 physical strength/ (1658)

15 (musc* adj3 atroph*).mp. [mp=title, abstract, heading word, table of

contents, key concepts, original title, tests & measures, mesh] (1493)

16 (musc* adj2 (strength or weak™®)).mp. (3545)

17  (hand grip or hand grasp or hand strength).mp. (3016)

18 (low adj3 musc* strength).mp. [mp=title, abstract, heading word, table of

contents, key concepts, original title, tests & measures, mesh] (25)

19  or/12-18 (8855)

20 exp "DEPRESSION (EMOTION)"/ (24933)
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21  exp Major Depression/ (122925)

22 depress*.mp. [mp=title, abstract, heading word, table of contents, key

concepts, original title, tests & measures, mesh] (348272)

23 dysthymi*.mp. [mp=title, abstract, heading word, table of contents, key

concepts, original title, tests & measures, mesh] (4236)

24 low mood.mp. [mp=title, abstract, heading word, table of contents, key

concepts, original title, tests & measures, mesh] (634)

25  or/20-24 (348993)

26 11and 19 and 25 (42)

Database: CINAHL (1806 to June 2019)

Search Strategy:

S1 (MH "Obesity+")

S2 (MH "Adipose Tissue+")

S3 (MH "Body Weight")

S4 obes*

S5 "high fat mass"

S6 "increased fat mass"

S7 (high N3 (bmi or body mass index))

S8 (increased N3 (bmi or body mass index))
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S9 adipos*

S10

S11 SI OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10

S12

S13

S14

S15

S16 (musc* N2 (strength or weak™))

S17 ("hand grip" or "hand grasp" or "hand strength")

S18

S19

S20

S21

S22

S23

S24

S25

S26

S27

(increased N3 body weight)

(MH "Muscular Atrophy+")

(MH "Muscle Weakness")

(MH "Muscle Strength+")

sarcopen™

(musc* N3 atroph*)

(low N3 musc* strength)

"low muscle mass"

S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20

(MH "Depression+")

depress*

"low mood"

dysthymi*

S22 OR S23 OR S24 OR S25

S11 AND S21 AND S26 (104)
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Table 1. Results of the methodological quality assessment.
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Author, Primary Length of | N Age of participants (years) Definitions Adjusting for | Effect estimates OR [95% CI]
year Study follow- up covariates
Depressed (at | Non-Depressed | Obesity Sarcopenia Depression Unadjusted Adjusted
follow up)
BMI categories | Handgrip strength
2
(kg/m?) (kg) self-reported 8- | Psychosocial
(dynamometer) item Centre of
Cut-off: . Demographic 1.79
Hamer, Epidemiological
ELSA 6 years 3862 66.5 (8.7) 64.4 (8.2) Cut-offs: Not reported
2015 — Studies
250 30.0 Health-related [1.10- 2.89]
overweight <26 men Depression
Scale factors
>30.0 obese <16 women
Handgrip strength Dichotom | Dimensi | Dichoto | Dimensi
Waist (kg) ous onal mous onal
circumference (dynamometer) .
Composite Demographics
(cm)
Cut-offs (vary International _ 2.20 1.06 1.54 1.06
Kokkeler, Lifestyle
NESDO 2 years 284 70.9(7.9) 70.4(7.1) Cut-offs: due to dependence | Diagnostic [1.15- [1.02- [0.75- [1.01-
2019*
on BMI): Interview (CIDL | phygical/ mental | 4.19] 1.10] 3.16] 1.11]
>102 :
men version 2.1) functioning
<29- 32 men p=-017 p=.001 p=241 p=.01
>88 women
<17-21 women

Table 2. Summary of results from longitudinal studies. Mean (SD) is reported for age.

42




Author, Primary N Age of participants Definitions Adjusting for | Effect estimates OR [95% CI]
year Study covariates
Sarcopenic Normal Obesity Sarcopenia Depression Unadjusted Adjusted
Obese
K Waist Appendicular skeletal Results focused on the Results focused on the
orea >=60 >=60 b
circumferen | muscle mass (ASM) / y age subgroup Y 8g¢ subgroup
National ) Age, sex,
ce (cm) weight (%) Self-reported
Health and . behaviour
psychological health
Cho, 2015 | Nutrition 11521 43.3(0.1) 48.4 (0.5) t-offs: t offs: iabl
Cut-offs: | Cut offs: questionnaire as apart | o A0S 0.98[0.68- 1.41] 0.95[0.66- 1.38]
Examination
of a health interview . = 0.90 =0.78
Survey 2008- >102 men <26.88 for men social factors p o p=0787
2011
>88 women | <21.02 for women
BMI Appendicular skeletal
Korea
categories muscle mass (ASM) /
National Age, sex,
Byeon (kg/m?) weight (%)
’ Health and clinical diagnosis or smoking,
2016 . .. o . .
Nutrition 7364 >60 >60 Cut-off: Cut offs: positive answer a comorbidity, Not Available Not available
Examination predisposed question | menopause (in
Survey 2008- >25.0 obese | <30.3 for men women)
2011
<23.8 for women
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Appendicular skeletal

Body fat muscle mass (ASM) /
. Age, sex,
. (%) height? (kg/m?) Cut
Original data, .
behaviour
offs: <7 for
from randomly .
Cut-offs: variables, 3.63 [1.96- 6.71] 2.79 [1.43- 5.43]
men <5.8 for .
selected 15- item self-reported
) women . . .
Ishii, 2016 | residents  of | 1731 77.1(5.2) 76.9 (6.0) >29.7 men Geriatric  Depression | social factors
Kashiwa city, . Scale (GDS)
Handgrip strength .
. . >32.7 medication p<.001 p=-003
Chiba, Japan in
(dynamometer) Cut- .
women intake,
2012.
offs: <30 kg o
comorbidity
men <20 kg
women
Depressed Non-
depressed
Dichotom | Dimensio | Dichotomou | Dimensional
Demographics ous nal s
Kokkeler, _ 1.91 1.00
NESDO 11. 506 70.8 (7.4) 70.0 (7.0) Lifestyle 1.09[0.54- | 1.00 [0.99-
2019 [1.06- [0.98-
Physical/mental 2.23] 1.00]
3.60] 1.00]
functioning
p=-804 p=175
p=.039 p=.105

Table 3. Summary of results of the selected studies with a cross-sectional design. Mean (SD) is reported for age.

44




Author, Primary Length of N Age of Definitions Adjusting for Effect estimates OR [95% CI]
year Study follow- up participants covariates
Obesity Sarcopenia Depression Unadjusted Adjusted
Handgrip strength
BMI Increased BMI not
(dynamometer)
categories 11- item version | Age significantly associated
Honolulu- Steep strength
(kg/m?) of the Centre of | Socioeconomic status, with lower grip strength
Rantanen, Asia decline
3 years 2275 | 77.1 (3.8) Cut-off: Epidemiologic marital status, physical Not reported among depressed
2000 Aging Cut-off (at 3 years
25.0-30.0 Studies activity, use of participants — OR
Study follow-up)
overweight Depression Scale | depression medication diagrammatically
> 14% strength
>30.0 obese presented
decline
Sociodemographic, Men Women Men Women
BMI
leisure- time physical
categories Handgrip strength 9- item
activity, marital status,
Smith, 2018 (kg/m?) (kg) (dynamometer) | depression -436 -1.91 372 -1.83
smoking, medical
NHANES - 2812 | 69.2(0.3) Cut-off: Cut-offs: screener- Patient
conditions
25.0 —30.0 <33 men Health [-747t0 - | [-3.07to [-7.00to - | [-2.87 to
(cardiovascular
overweight <21 women Questionnaire 1.25] -0.76] 0.43] 0.78]
diseases, diabetes,
>30.0 obese
cancer, arthritis)

Table 4. Summary of results of obesity and depression as a predictor of sarcopenia.
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Figure 1. PRISMA Flow Diagram (37).

Records identified through
database searching

(n="757)

|

Records after duplicates removed

(n =556)

Records screened by Records excluded; title and
—)
title and abstract abstracts not relevant
(n = 89) (n=467)
l Full-text articles excluded
Full-text articles assessed for (n=12)

eligibility (n=19)

Reasons for exclusion:

Different predictor of interest (n=6)
l Different outcome of interest (n=2)

Different predictor and outcome (n=2)

Studies included in Different study design (n=2)

qualitative synthesis

(n=7)

46



