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Metabolic syndrome is associated with an increased risk of
falls in the elderly
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ABSTRACT
Numerous studies have investigated the causes of falls in the
elderly. However, there is little information about metabolic
syndrome (MS) as a risk factor for falls in older adults. No
evaluations have given a qualitative overview of studies
examining the relationship between MS and falls in the
elderly. We did a literature search in electronic databases to
look for studies that assessed a link between MS and falls
among people over the age of 55 years. We found three
studies of high quality. These included 2774 people with an
average age of 72 years. Even after controlling for other risk
factors, two studies found that MS was significantly associated
with an older adult’s 1.3–2.5-fold increased risk of falling.
We found that MS and its independent components were
strongly linked with falls among the elderly, even after
correcting for numerous variables.
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INTRODUCTION
Metabolic syndrome (MS) comprises five medical conditions:
abdominal obesity, hypertension, hyperglycaemia, high serum
triglycerides and low serum high-density lipoprotein.1 Based
on these five medical conditions, MS has been defined differently
by various organizations2 such as the WHO,3 United States
National Cholesterol Education Program Adult Treatment Panel
III,4 the American Heart Association, the National Heart, Lung,
and Blood Institute,5 and the International Diabetes Federation6

in 1999, 2001, 2004 and 2006, respectively. However, a joint
interim statement of these organizations published a guideline
to harmonize the definition of MS in 2009.7 Among all non-
communicable diseases, MS has been a major public health
problem especially among the older population causing
cardiovascular disease, type 2 diabetes and all-cause mortality.8,9

Globally, the population aged >65 years increased from 6%
in 1990 to 9% in 2019. In 2019, there were 703 million persons
aged >65 years worldwide.10 The number is projected to double
to 1.5 billion in 2050.10 About 20%–25% of the world’s older
population has MS.11 About 34% of older people in the USA
have MS.12 The proportion is increasing with age, particularly
among racial and ethnic minorities.13

In this elderly population, falls and their consequences are
major concerns for families, caregivers and healthcare providers
due to their morbidity, mortality and expense associated with
treatment.14–16 Although many studies have attempted to define
the risk factors for falls in older adults, a previous review
provided an updated summary of the risk factors for falls in the
ageing population.17 However, we found little literature on the
association of MS with falls in the elderly.18–20 No review has
provided a qualitative description of studies examining the
association between MS and falls in the elderly.17 We aim to
address this gap in knowledge by the following hypothesis: MS
would be associated with falls among the elderly.

METHODS
We did a literature search in various electronic databases (such as
PubMed, CINAHL Plus, Web of Science, and EMBASE) using the
following search strategy: (‘elderly’ OR ‘older’) AND (‘metabolic
syndrome’) AND (‘fall’ OR ‘falls’) until June 2021. We included
studies conducted on humans with full text written in English. We
excluded studies that did not specifically examine an association
between MS and falls among persons aged >55 years. All
disagreements between the authors were resolved consensus.
The literature search was cross-referenced with references in the
included studies. We used the National Institute of Health Quality
Assessment Tool for Observational Cohort and Cross-Sectional
Studies to assess the risk of bias in the included studies.

RESULTS
The search in electronic databases yielded three studies18–20 that
examined the association between MS and falls in older adults.
These studies quality was good (Table I). However, one study
did not examine the association between MS components and
falls.19 The authors did not mention the outcome assessors’
blindness to participants’ exposure status in any of the included
studies. None of these studies could also pinpoint a participation
rate of at least 50% of eligible participants. In addition, overtime
assessment and rate of loss to follow-up do not apply to these
included studies due to the cross-sectional design.
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Table II shows the characteristics and summary of outcomes
of the included studies. All three included studies were designed
as cross-sectional with a total of 2774 participants. The average
age of the patients was 72 years. Most were women with Malay,
Chinese, Indian, Italian and Taiwanese ethnic backgrounds. All
the patients had various comorbid conditions.

All three studies that assessed and defined MS (exposure)
and fall (outcome) were almost similar. Findings from two included
studies18,20 showed evidence that MS was significantly associated
with a range of 1.3–12.50 higher risk of falls among the elderly even
after adjusting risk factors such as age (odds ratio [OR] 1.32),
gender (OR 1.32), comorbid conditions (OR 1.33), weakness (OR
1.31), weight loss (OR 1.37) and exhaustion (OR 1.33). These two
studies also revealed that each MS component was significantly
associated with falls in this population. One study19 found that
MS was independently associated negatively with a reduced
probability of falling over one year among the elderly with
Parkinson disease who fell (Table III).

DISCUSSION
Our review provides a qualitative description of studies examining
the association between MS and falls in the elderly. The evidence
shows that a cluster of MS and its independent components were
significantly associated with falls among the elderly. A significant
association was found even after adjusting for risk factors such
as age, gender, comorbid conditions, weakness, weight loss and
exhaustion. Our study is probably the first to show the relationship
between MS and falls in this population.

In this review, we found only three studies that investigated
the relationship between MS and fall in older adults in Malaysia,18

Italy19 and Taiwan20 after a search in various electronic databases.
A strong relationship between MS and falls among the elderly
has been reported in these studies. A recent study from Malaysia
found that MS was a significant independent risk factor for falls,
with an odds ratio (OR) of 1.31 (95% confidence interval [CI]
1.02–1.68) among urban dwellers >55 years of age.18 The study
has also shown that weakness, unintentional weight loss, self-
reported exhaustion, and slow walking speed were mediating
factors for the association between MS and falls in this
population. However, the Malaysian study could not explain a
possible reason for weakness, unintentional weight loss and
self-reported exhaustion in the association of MS and falls. An
earlier study found that low serum high-density lipoprotein was
a reason for slow walking speed in this population, even after
adjustment of multiple covariates.21 All these findings
correspond to previous studies that showed persons with MS
had slower walking speeds and it to be a risk factor for fall.22,23

A Taiwanese study found that MS was a significant
independent risk factor for falls in community-dwelling older
adults even after adjusting for age, female gender, the Karnofsky
Performance Scale, and the five-item Brief Symptom Rating
Scale (OR 2.56, 95% CI 1.86–3.51).20 The study also showed that
components of MS had a statistically significant association
with falls in this population. Moreover, in this study, participants
who fell were more likely to have abdominal obesity,
hypertriglyceridaemia, hypertension and impaired glucose

TABLE I. Quality assessment of included studies
Criteria Teoh Laudisio Liao

et al.18 et al.19 et al.20

1. Was the research question or objective in this paper clearly stated? Y Y Y
2. Was the study population clearly specified and defined? Y Y Y
3. Was the participation rate of eligible persons at least 50%? CD CD CD
4. Were all the subjects selected or recruited from the same or similar populations (including the same time Y Y Y

period)? Were predetermined criteria for inclusion and exclusion in the study implemented consistently for
every participant?

5. Was a sample size justification, power description, or variance and effect estimates provided? N N N
6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being Y Y Y

measured?
7. Was the time-frame sufficient to reasonably expect to see an association between exposure and outcome Y Y Y

if it existed?
8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as Y N Y

related to the outcome (e.g. categories of exposure or exposure measured as continuous variable)?
9. Were the exposure measures (independent variables) clearly defined, valid, reliable and implemented Y Y Y

consistently across all study participants?
10. Was the exposure(s) assessed more than once over time? NA NA NA
11. Were the outcome measures (dependent variables) clearly defined, valid, reliable and implemented Y Y Y

consistently across all study participants?
12. Were the outcome assessors blinded to the exposure status of participants? NR NR NR
13. Was loss to follow-up after baseline 20% or less? NA NA NA
14. Were key potential confounding variables measured and adjusted statistically for their impact on the Y Y Y

relationship between exposure(s) and outcome(s)?
CD cannot determine  NA not applicable  NR not reported  Y Yes  N No

TABLE II. Characteristics of the included cross-sectional studies
Authors Year Country n Mean age (years) Women (%) Ethnic group Comorbid conditions

Teoh et al.18 2020 Malaysia 1415 68.5 57.2 Malay, Chinese Heart attack, chronic kidney disease,
and Indian stroke, asthma, arthritis and Parkinsonism

Laudisio et al.19 2016 Italy 1 9 4 73.0 36.5 Italians Parkinson disease
Liao et al.20 2012 Taiwan 1165 74.9 54.3 Taiwanese Hypertension and diabetes
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tolerance. Hypertension and diabetes have received more
attention from clinical investigators as explanatory predictors
for falls among the components of MS in older adults. Also,
previous studies showed that the risk of falling increased
significantly in older adults with uncontrolled hypertension,24

diabetes25,26 and obesity.27,28 However, the actual relationship
between hypertension and hypertriglyceridaemia and the risk
of falls is unclear among older adults.29,30 A possible explanation
for this might be that the indirect association of falls with
obesity, hypertension, sedentary lifestyle and low serum high-
density lipoprotein is associated with elevated triglycerides.30,31

However, the outcomes of the above-mentioned studies
contradict the study by Laudisio et al.19 This Italian study
found that MS was independently associated with a reduced
probability of falling over 1 year among the elderly with Parkinson
disease. In other words, MS was associated with a reduced
number of falls among older adults with Parkinson disease who
fell. These findings appear to be due to a common
pathophysiological pathway of the peroxisome proliferator-
activated receptor in MS, which may reduce the incidence of
falls in these patients by protecting both the skeletal muscle and
the central nervous system.32

This review shows evidence of an association of well-defined
MS with falls among the elderly from two studies18,20 that had a
larger sample size. The limitations of this review are as follows.
First, all three studies included in this review were cross-sectional
and used self-reported falls as the outcome. This study design
cannot determine a causal association or cause–effect
relationships between MS and falls in this community. Self-report
of falls might be subject to recall bias. Therefore, it may result in
an underestimation of the actual occurrence of falls. The second
included studies, mainly two studies,18,20 that enrolled community-
dwelling older adults, and the results cannot be appropriately
applicable and generalized to other elderly populations across
various settings. Finally, this narrative review lacks the rigorous
search methodology, quality assessment and independent
duplicate data abstraction of a systematic review. However, a
systematic review was not feasible due to the small number of
studies examining MS as a predictor of fall outcomes.

One of the issues that emerge from these findings is MS is
also a risk factor for falls among the elderly, along with intrinsic
and extrinsic risk factors that were reported in the previous
review.17 The evidence from this review might help clinicians
assess MS as a risk factor for falls in community-dwelling older
adults. This finding has important implications for developing
strategies to reduce the risk of falls in this community by
including MS among multifactorial assessments. Although
falls among the elderly are common due to ageing, they have
been associated with many risk factors. Some of these cannot
be altered such as age and gender. However, many other risk
factors in the earlier review17 are preventable in this community,
including MS and its components.33–36 Appropriate assessment
of MS and its components and other risk factors for falls can
help identify elders with an increased risk of falls. As a result,
it reduces the negative impact of falls and associated costs in
this population.

More than 63% of urban participants aged 65–74 years in the
Indian setting had MS, which affected about one in two older
persons, with urban instances being substantially more than
rural.37 In view of the most recent statistics for MS in India, a call
to action for urgent public health measures is needed to ensure
screening and early diagnosis of MS and its components. This
can prevent many medical events, including the risk of falling,
by starting the right interventions, including lifestyle changes,
especially in India’s ageing population. Increased physical
activity (at least 30 minutes of daily walking)33 and a healthy,
calorie-reduced diet34 are important initiatives to implement.

Numerous studies back up the importance of leading a
healthy lifestyle. The International Obesity Taskforce claims
that population-level sociopolitical changes are required to
reduce the incidence of MS.38 Another study found that
consuming an imperial pint of milk or other dairy products daily
could reduce the chance of having MS.35 People who followed
a paleolithic eating pattern and had at least one of five measurable
components of MS had improvements in three of the five
components over time, according to a comprehensive evaluation
of four randomized controlled trials.36

TABLE III. Summary of outcomes of included studies
Authors Criteria used to define MS Measure of fall The definition used for fall Outcome

Teoh et al.18 The modified Adult Treat- Self-reported question: Have Unintentionally coming to MS and each MS component
ment Panel III criteria for you fallen in the past 12 rest on the ground, floor, or was statistically significantly
Asians months? with answers: No lower level. associated with falls in urban

and Yes dwellers aged >55 years, with
31% increased odds of falls.

Laudisio et al.19 The National Cholesterol Self-reported question: Have A sudden loss of balance MS was independently
Education Program’s you experienced any falls causes contact of any part of associated with a reduced
ATP-III criteria during the previous 12 the body with the floor. probability of falling over one

months, and if so, how many year among older patients
falls occurred? with Parkinson disease.

Liao et al.20 The modified Adult Treat- Self-reported history of falls An event in which a person MS was significantly associated
ment Panel III criteria for was asked retrospectively. comes to rest unintentionally with a 2.5-fold higher risk of
Asians on the ground or at another falls in community-dwelling

lower level, not due to any older adults.
intentional movement, a
major intrinsic event (e.g.
stroke), or extrinsic force
(e.g. forcefully pushed down
or knocked down by a car).

MS metabolic syndrome
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CONCLUSION
Our main goal was to provide a qualitative overview of research
that explicitly looked at the connection between MS and falls
in older adults. Even after correction of numerous variables, the
results suggest that a cluster of MS and its independent
components were strongly linked with falls among the elderly.

ACKNOWLEDGEMENTS
We thank the College of Applied Medical Sciences Research Center and
the Dean of Scientific Research at King Saud University for their support.

Conflicts of interest. None declared

REFERENCES
1 Alshammary AF, Alharbi KK, Alshehri NJ, Vennu V, Ali Khan I. Metabolic

syndrome and coronary artery disease risk: A meta-analysis of observational
studies. Int J Environ Res Public Health 2021;18:1773.

2 Saklayen MG. The global epidemic of the metabolic syndrome. Curr Hypertens
Rep 2018;20:12.

3 World Health Organization. Definition, diagnosis and classification of diabetes
mellitus and its complications: Report of a WHO consultation. Part 1, Diagnosis
and classification of diabetes mellitus. Geneva:WHO; 1999:1–66.

4 Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol
in Adults. Executive Summary of The Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment
of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA
2001;285:2486–97.

5 Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: An American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement.
Circulation 2005;112:2735–52.

6 Alberti KGM, Zimmet P, Shaw J. The metabolic syndrome—a new worldwide
definition. Lancet 2005;366:1059–62.

7 Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: A joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association
for the Study of Obesity. Circulation 2009;120:1640–5.

8 Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res Pract 2014;
2014:943162.

9 Denys K, Cankurtaran M, Janssens W, Petrovic M. Metabolic syndrome in the
elderly: An overview of the evidence. Acta Clin Belg 2009;64:23–34.

10 United Nations. World Population Ageing 2019: Highlights (ST/ESA/SER. A/
430). Department of Economic and Social Affairs, Population Division 2019.

11 Bechtold M, Palmer J, Valtos J, Iasiello C, Sowers J. Metabolic syndrome in the
elderly. Curr Diab Rep 2006;6:64–71.

12 Mozumdar A, Liguori G. Persistent increase of prevalence of metabolic syndrome
among U.S. adults: NHANES III to NHANES 1999–2006. Diabetes Care 2011;
34:216–19.

13 Falkner B, Cossrow ND. Prevalence of metabolic syndrome and obesity-associated
hypertension in the racial ethnic minorities of the United States. Curr Hypertens
Rep 2014;16:449.

14 Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J Med
2003;348:42–9.

15 Peel NM. Epidemiology of falls in older age. Can J Aging 2011;30:7–19.
16 Lusardi MM, Fritz S, Middleton A, Allison L, Wingood M, Phillips E, et al.

Determining risk of falls in community dwelling older adults: A systematic review
and meta-analysis using posttest probability. J Geriatr Phys Ther 2017;40:1–36.

17 Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults: A
review of the literature. Maturitas 2013;75:51–61.

18 Teoh RJJ, Mat S, Khor HM, Kamaruzzaman SB, Tan MP. Falls, frailty, and metabolic
syndrome in urban dwellers aged 55 years and over in the Malaysian elders
longitudinal research (MELoR) study—a cross-sectional study. Postgrad Med
2021;133:351–6.

19 Laudisio A, Lo Monaco MR, Vetrano DL, Pisciotta MS, Bentivoglio AR, Bernabei
R, et al. Association of metabolic syndrome with falls in patients with Parkinson’s
disease. Clin Nutr 2017;36:559–63.

20 Liao KC, Pu SJ, Lin CH, Chang HJ, Chen YJ, Liu MS. Association between the
metabolic syndrome and its components with falls in community-dwelling older
adults. Metab Syndr Relat Disord 2012;10:447–51.

21 Okoro CA, Zhong Y, Ford ES, Balluz LS, Strine TW, Mokdad AH. Association
between the metabolic syndrome and its components and gait speed among U.S.
adults aged 50 years and older: A cross-sectional analysis. BMC Public Health
2006;6:282.

22 Everson-Rose SA, Paudel M, Taylor BC, Dam T, Cawthon PM, Leblanc E, et al.
Metabolic syndrome and physical performance in elderly men: The osteoporotic
fractures in men study. J Am Geriatr Soc 2011;59:1376–84.

23 Morita M, Takamura N, Kusano Y, Abe Y, Moji K, Takemoto T, et al. Relationship
between falls and physical performance measures among community-dwelling
elderly women in Japan. Aging Clin Exp Res 2005;17:211–16.

24 Gangavati A, Hajjar I, Quach L, Jones RN, Kiely DK, Gagnon P, et al. Hypertension,
orthostatic hypotension, and the risk of falls in a community-dwelling elderly
population: The maintenance of balance, independent living, intellect, and zest in
the elderly of Boston study. J Am Geriatr Soc 2011;59:383–9.

25 Agrawal Y, Carey JP, Della Santina CC, Schubert MC, Minor LB. Diabetes,
vestibular dysfunction, and falls: Analyses from the National Health and Nutrition
Examination Survey. Otol Neurotol 2010;31:1445–50.

26 Rasmussen NH, Dal J. Falls and fractures in diabetes––more than bone fragility.
Curr Osteoporos Rep 2019;17:147–56.

27 Kwan MM, Close JC, Wong AK, Lord SR. Falls incidence, risk factors, and
consequences in Chinese older people: A systematic review. J Am Geriatr Soc
2011;59:536–43.

28 Witham MD, Avenell A. Interventions to achieve long-term weight loss in obese
older people: A systematic review and meta-analysis. Age Ageing 2010;39:
176–84.

29 Guideline for the prevention of falls in older persons. American Geriatrics Society,
British Geriatrics Society, and American Academy of Orthopaedic Surgeons Panel
on Falls Prevention. J Am Geriatr Soc 2001;49:664–72.

30 AbouRjaili G, Shtaynberg N, Wetz R, Costantino T, Abela GS. Current concepts
in triglyceride metabolism, pathophysiology, and treatment. Metabolism 2010;
59:1210–20.

31 Lavie CJ, Milani RV, O’Keefe JH. Dyslipidemia intervention in metabolic syndrome:
Emphasis on improving lipids and clinical event reduction. Am J Med Sci
2011;341:388–93.

32 Cheng HS, Tan WR, Low ZS, Marvalim C, Lee JYH, Tan NS. Exploration and
development of PPAR modulators in health and disease: An update of clinical
evidence. Int J Mol Sci 2019;20:5055.

33 Lakka TA, Laaksonen DE. Physical activity in prevention and treatment of the
metabolic syndrome. Appl Physiol Nutr Metab 2007;32:76–88.

34 Feldeisen SE, Tucker KL. Nutritional strategies in the prevention and treatment of
metabolic syndrome. Appl Physiol Nutr Metab 2007;32:46–60.

35 Elwood PC, Pickering JE, Fehily AM. Milk and dairy consumption, diabetes and
the metabolic syndrome: The Caerphilly prospective study. J Epidemiol
Community Health 2007;61:695–8.

36 Manheimer EW, van Zuuren EJ, Fedorowicz Z, Pijl H. Paleolithic nutrition for
metabolic syndrome: Systematic review and meta-analysis. Am J Clin Nutr 2015;
102:922–32.

37 Sundarakumar JS, Stezin A, Menesgere AL, Ravindranath V, SANSCOG, TLSA
Collaborators. Rural–urban and gender differences in metabolic syndrome in the
aging population from southern India: Two parallel, prospective cohort studies.
EClinMed 2022;47:101395.

38 James PT, Rigby N, Leach R, International Obesity Task Force. The obesity
epidemic, metabolic syndrome and future prevention strategies. Eur J Cardiovasc
Prev Rehabil 2004;11:3–8.


