
      

      
                                                                                                 http://dx.doi.org/10.14336/AD.2016.0819     

 

*Correspondence should be addressed to: Dr. Alberto Lana. Department of Preventive Medicine and Public Health. School of Medicine. 

Universidad Autónoma de Madrid. Avda. Arzobispo Morcillo nº 4. CP: 28029. Madrid. Spain. E-mail: lanaalberto@uniovi.es 
 

Copyright: © 2016.  This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 
 

ISSN: 2152-5250                                                                                                                                                                                       240 
                  

 

  

Original Article 

 

Serum Leptin Concentration is Associated with Incident 

Frailty in Older Adults 

Alberto Lana1,2, Ana Valdés-Bécares1, Antonio Buño3, Fernando Rodríguez-Artalejo2, Esther 

Lopez-Garcia2 

1Department of Medicine, Preventive Medicine and Public Health Area, School of Medicine and Health 

Sciences, Universidad de Oviedo, Oviedo, Spain 
2Department of Preventive Medicine and Public Health, School of Medicine, Universidad Autónoma de Madrid, 

IdiPaz (Instituto de Investigación Sanitaria Hospital Universitario La Paz), and CIBERESP (CIBER of 

Epidemiology and Public Health), Madrid, Spain 
3Department of Laboratory Medicine, Hospital University La Paz, Madrid, Spain 

 
  [Received July 10, 2016; Revised August 13, 2016; Accepted August 19, 2016] 

 
ABSTRACT: Obesity has been associated with higher risk of frailty in older adults, but the pathophysiological 

mechanisms are unclear. No previous study has examined the association between leptin, an adipokine, and the 

risk of frailty in older adults, and whether this association could be explained by insulin resistance or chronic 

inflammation. Data were taken from 1,573 individuals without diabetes mellitus, aged ≥60 years, from the 

Seniors-ENRICA cohort. In 2008-2010, leptin, the homeostasis model assessment of insulin resistance (HOMA-

IR) and C-reactive protein (CRP) were measured. Study participants were followed-up through 2012 to assess 

incident frailty, defined as at least two of the following Fried criteria: exhaustion, weakness, low physical 

activity, and slow walking speed. Analyses were performed with logistic regression and adjusted for the main 

confounders. Over a median follow-up of 3.5 years, 280 cases of incident frailty were identified. Compared to 

individuals in the lowest tertile of serum leptin, those in the highest tertile showed an increased risk of frailty 

(odds ratio [OR]: 2.12; 95% confidence interval [CI]: 1.47-3.06; p-trend <0.001). Further adjustment for the 

percentage of body fat led to an OR of 1.69 (95% CI: 1.11-2.61; p-trend=0.01). After additional adjustment for 

HOMA-IR and CRP, the OR for frailty was 1.59 (95% CI: 1.01-2.52; p-trend=0.04). Results did not vary 

according to sex, abdominal obesity or the percentage of body fat. Being in the highest versus lowest tertile of 

leptin was associated with increased risk of exhaustion (OR: 2.16; 95% CI: 1.32-3.55; p-trend=0.001) and 

muscle weakness (OR: 1.77; 95% CI: 1.25-2.51; p-trend=0.001), in the analyses adjusted for potential 

confounders and body fat. Higher leptin concentration was associated with greater risk of frailty in older adults. 

This association was only modestly explained by insulin resistance and chronic inflammation, as measured by 

CRP. 

 

Key words: older adults, leptin, biological markers; obesity, insulin resistance 

 

 

Frailty is a common geriatric medical syndrome whose 

frequency is expected to increase over the next decades 

due to the progressive ageing of the population. The 

frailty syndrome is characterized by an augmented risk of 

falls, hospitalization, disability and death after exposure 

to even minor stressors, such as a mild infection or a new 

drug treatment (1-2). Frailty results from a decline in 

multiple physiological systems, including the endocrine 

system. Specifically, general and abdominal obesity are 

known risk factors for frailty (3-6). Also, obesity-related 
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biomarkers of altered glucose metabolism and chronic 

inflammation have been linked to frailty. For instance, 

higher insulin resistance (IR) and C-reactive protein 

(CRP) have been prospectively associated with greater 

risk of frailty among adults aged 69 to 74 years 

participating in the Cardiovascular Heart Study (CHS) 

(7).  

Adipokines (proteins secreted by the adipose tissue) 

are considered to be a link, at least partially, between 

obesity and its related morbidity and mortality (8). Leptin, 

the first adipokine discovered, is secreted mainly by white 

adipocyte tissue, and its serum levels are positively 

correlated with fat mass; therefore, serum leptin reflects 

primarily the amount of energy stored in adipose tissue 

(9,10). It is known that leptin contributes to the regulation 

of energy balance by acting on multiple central (brain) and 

peripheral tissues, but its role in health and disease is still 

incompletely understood. Among healthy individuals, 

higher serum leptin leads to increased satiation and 

reduced food intake as well as higher energy expenditure 

(9,10). However, serum leptin is usually elevated in obese 

individuals, which suggests that there might be a state of 

leptin resistance, whereby leptin is not able to control 

obesity by appropriately reducing food consumption (11). 

Also there is some evidence that leptin upregulates 

proinflammatory cytokines such as tumor necrosis factor-

alpha and interleukin-6, and that these are associated with 

IR (9,10). However, to our knowledge, no previous study 

has investigated the association between leptin and frailty, 

together with the role of IR and chronic inflammation.   

Accordingly, in a cohort of community-dwelling 

older adults we examined the association between serum 

leptin concentrations and the risk of frailty, and whether 

it could be explained by IR and chronic inflammation. 

Moreover, we assessed whether the study association was 

modified   by fat mass.   

MATERIALS AND METHODS 

Study design and participants 

We used data from the Seniors-ENRICA cohort, whose 

methods have been reported elsewhere (6,12). Briefly, 

this population-based cohort was established in 2008-

2010 with 2,614 individuals aged ≥60 years in Spain. 

Baseline information was collected using two procedures. 

The first was a phone interview on health status, lifestyle, 

morbidity, and health services use. This interview was 

followed by two consecutive home visits to collect 12-h 

fasting blood and urine samples, perform a physical exam, 

and obtain a diet history. In 2012, a second wave of data 

collection was performed using the same procedures for 

data collection. During follow-up, 95 individuals died and 

115 were lost, so information was obtained for only 2,404 

persons in 2012. The socio-demographic, lifestyle and 

clinical characteristics at baseline were similar in those 

who provided updated information on frailty at 2012 and 

those who did not (13).  

The Clinical Research Ethics Committee of the ‘La 

Paz’ University Hospital approved the study protocol. All 

study participants gave written informed consent. 

Study variables 

Frailty 

We used a modification of the operational definition 

proposed by Fried et al. in the CHS (1). Specifically, 

frailty was defined as having at least two of the following 

four criteria: a) exhaustion, based on reporting “at least 3 

to 4 days a week” for any of two statements from the 

Depression Scale of the Center for Epidemiological 

Studies: “I felt that anything I did was a big effort” or “I 

felt that I could not keep on doing things”; b) weakness, 

defined as the lowest quintile in the CHS of maximum 

strength on the dominant hand adjusted for sex and body 

mass index. We selected the highest value of grip strength 

in two consecutive measures using a Jamar hand held 

dynamometer; c) low physical activity, defined as 

walking ≤2.5 h/week in men and ≤2 h/week in women; 

and d) slow walking speed, defined as the highest quintile 

in our study sample for the three-meter walking speed test, 

stratified for sex and BMI. As in previous studies on the 

association between diet and risk of frailty (14,15), in the 

main analyses we excluded the “weight loss” criterion 

from the definition of frailty because overfeeding is a 

main cause of both leptin elevation and weight gain (9), 

and thus may confound a potential association between 

leptin and weight loss. However, in sensitivity analyses 

we also included the “weight loss” criterion, so that frailty 

was defined as the presence of at least three of the five 

Fried criteria, including a weight loss ≥4.5 kg in the 

preceding year.   

Leptin and other biomarkers 

Baseline serum leptin concentration (ng/mL) was 

determined by enzyme-linked immunoassay (Diagnosis 

Biochem Canada) using a BEST2000 robot. The 

sensitivity of this test was 0.5 ng/dL and the coefficients 

of variation intra- and inter-assay were 7.5 and 9.6%, 

respectively. Fasting glucose (mg/dL) was measured by 

the glucose oxidase method, and fasting insulin (µU/mL) 

by immunoradiometric assay. The homeostatic model 

assessment for IR index (HOMA-IR) was calculated by 
multiplying fasting glucose by fasting insulin and 

dividing by 405 (16). Finally, high-sensitivity CRP 

(mg/L) was determined by latex-enhanced nephelometry. 
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The coefficients of variation intra- and inter-assay were 

<4% and <4% for glucose, 5.2 and 6.9% for insulin and 

3.2 and 5.9% for CRP. 

Other variables 

We also collected baseline data on some potential 

confounders of the association between leptin and frailty. 

Specifically, we asked study participants about socio-

demographic factors and lifestyle behaviors, such as sex, 

age, education, tobacco and alcohol consumption, leisure-

time physical activity (17), and time spent watching TV. 

Food consumption was ascertained with a validated diet 

history, developed from that used in the EPIC-cohort in 

Spain (18). From this, we calculated the total energy 

intake and the Trichopoulou index (19); a higher score in 

this index indicates better adherence to the Mediterranean 

diet. We also collected health status variables. First, waist 

circumference, weight and height were measured by 

trained staff under standardized conditions (12). 

Abdominal obesity was defined as waist circumference 

>102 cm in men and >88 cm in women. Body mass index 

(BMI) was calculated as weight in kg divided by squared 

height in m. The CUN-BAE equation was used to estimate 

the percentage (%) of body fat, based on sex, age and BMI 

in each study participant (20). Second, participants also 

reported if they suffered from any of the following 

physician-diagnosed diseases: cardiovascular disease 

(myocardial infarction, stroke or heart failure), 

hypertension, cancer at any site, chronic lung disease 

(asthma or chronic bronchitis), osteomuscular disease 

(osteo-arthritis, arthritis, hip fracture), or depression 

requiring drug treatment. Third, the Lawton-Brody index 

was used to ascertain limitations in instrumental activities 

of daily living (IADL), with the questions on subjects’ 

ability to prepare meals, do household chores, and take 

care of personal laundry being excluded in men (21). And 

fourth, individuals reported their self-rated health, which 

was classified as optimal (excellent, very good, or good) 

or suboptimal (fair or poor).   

Statistical analysis 

Among the 2,404 study participants, we excluded 5 

subjects with BMI <18.5 kg/m2 and 374 with diabetes 

mellitus (fasting serum glucose >126 mg/dL or treatment 

with oral anti-diabetic drugs or insulin), because cachexia, 

diabetes or its treatment are strongly associated both with 

leptin and frailty status (22,23). We additionally excluded 

419 who were frail at baseline or lacked data on frailty at 

baseline or at the end of follow-up. Finally, we excluded 

25 individuals without blood determinations and 8 with 

missing data on potential confounders. Therefore, the 

analyses were conducted with 1,573 nondiabetic 

individuals.  

The association between leptin concentration and 

the risk of frailty was estimated by odds ratios (OR) and 

their 95% confidence interval (CI), obtained from logistic 

regressions. Given that serum leptin did not follow a 

normal distribution, we used the log-transformed values. 

Then, participants were classified into sex-specific 

tertiles, because leptin levels were much higher in women 

than men; the lowest tertile of leptin was used as reference 

in the analyses. We built four logistic models. The first 

one adjusted only for age (years) and sex. The second 

model additionally adjusted for educational level 

(primary, secondary or university), smoking (never, 

former or current), alcohol consumption (never, former, 

moderate, or heavy drinker, with the threshold between 

moderate and heavy drinking established as 20 g/d in men 

and 10 g/d in women the threshold between moderate and 

heavy drinking), leisure physical activity (quartiles of 

METs-h/week), energy intake (quartiles of kcal/day), 

Mediterranean diet score, hypertension, cardiovascular 

disease, cancer, chronic obstructive lung disease, 

osteomuscular disease, and depression. A third model was 

additionally adjusted for percentage of body fat (sex-

specific quartiles), as a proxy for the concentration of 

adipokines other than leptin. Finally, a fourth model 

further adjusted for HOMA-IR and CRP (mg/dl), to assess 

if they could explain the association between leptin and 

frailty. To investigate the linear dose-response 

relationship, we modeled leptin tertiles as a continuous 

variable, and the p for linear trend was estimated.  

Several sensitivity analyses were run to assess the 

robustness of results. First, we repeated the analyses using 

the weight loss criterion of frailty, so that this syndrome 

was defined as having three or more of the five Fried 

criteria. Second, we replicated the analyses using the 

lowest quintile of grip strength in our sample to define 

weakness. Thus, in this sensitivity analysis, frailty was 

defined using our own cut-off points for all criteria. Third, 

given the strong association between frailty, disability and 

poor health, analyses were also repeated among 

individuals with better health status (no limitations in 

IADL, optimal self-rated health or without diagnosed 

chronic disease). Lastly, to rule out the possibility that 

sedentary behavior and poor diet lead to both higher leptin 

level and frailty, the analyses were replicated among those 

who watched less TV than the sample median (2 h/day) or 

had a Trichopoulou index higher than the sample median 

(5 points).   

Because the physiology of leptin in the non-obese 

status may differ from that in obesity, where a resistance 
to the effect of leptin has been suggested, we conducted 

analyses stratified by abdominal obesity and the sex-

specific median of body fat percentage. To assess if the 
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study association varied across the strata we built 

interaction terms as the product of leptin tertiles by the 

stratification variable, and then used likelihood ratio tests 

to compare models with and without interaction terms. 

Lastly, we used the same type of analyses to assess the 

association between leptin level and each frailty criterion.   

We tested if the main results varied with sex by using 

interaction terms. Since the results were similar in each 

sex and the interactions did not reach statistical 

significance, the results are reported for the total study 

sample. A 2-tailed p value <0.05 was considered as 

statistically significant. Statistical analyses were 

performed with Stata, version 12.0 (Stata Corp., College 

Station).  

 

 

Table 1. Characteristics of study participants according to sex-specific tertilesa of serum leptin 

concentration. (N=1,573) 

 

 Leptin concentration  

 
Tertile 1 

(lowest) 
Tertile 2 

Tertile 3 

(highest) 

p-trend 

Participants, n  528 531 514  

Age, y 68.4 (6.6) 68.0 (6.0) 68.9 (6.3) 0.17 

Men, % 46.6 46.3 46.9 0.93 

University education, % 25.2 21.1 19.5 0.03 

Current smoker, % 13.1 12.1 9.0 0.04 

Moderate drinker, % 56.3 59.7 59.1 0.34 

Leisure-time physical activity, MET-

h/wk 

24.2 (15.8) 22.6 (14.9) 19.3 (14.3) <0.001 

TV watching, h/d 2.2 (1.3) 2.5 (1.4) 2.8 (1.7) <0.001 

Energy, kcal/d 2,040 (556) 2,051 (561) 2,014 (567) 0.46 

Trichopoulou index score 4.7 (1.5) 4.5 (1.5) 4.4 (1.6) 0.02 

Waist circumference, cm 89.2 (10.5) 95.8 (9.1) 104.2 (10.6) <0.001 

Body fat, % 33.9 (6.5) 36.8 (6.5) 40.5 (7.2) <0.001 

Morbidity, %     

 Cardiovascular disease 4.4 4.9 4.5 0.92 

 Hypertension 54.0 60.6 73.0 <0.001 

 Chronic lung disease 4.7 7.9 9.5 0.003 

 Cancer 1.5 2.3 1.8 0.77 

 Osteomuscular disease 40.7 49.2 52.3 <0.001 

 Depression 6.4 7.0 9.5 0.06 

Independent in IADL, % 91.3 90.2 88.3 0.02 

Optimal self-rated health, % 78.8 71.0 62.8 <0.001 

HOMA-IR 1.4 (1.0) 2.0 (1.1) 3.0 (2.0) <0.001 

CRP, mg/L 0.25 (0.4) 0.39 (0.9) 0.43 (0.7) <0.001 
 

For continuous variables mean and standard deviation (SD) are reported. 

MET-Metabolic equivalent; TV: Television; IADL: Instrumental activities of daily living; HOMA-IR: Homeostasis model 
assessment of insulin resistance; CRP: C-reactive protein. 
aSex-specific tertile cut-points for leptin were 6.5 and 13.6 ng/mL in men and 22.5 and 37.0 ng/mL in women 

 

RESULTS  

Among the study participants, the mean (±standard 

deviation) serum leptin concentration was 23.3 (±19.8) 

ng/mL, and it was significantly higher in women 

(33.1±21.2) than in men (12.1±9.7). Table 1 shows the 

socio-demographic, behavioral and health status 

characteristics of the participants according to the sex-
specific leptin tertiles. Compared to those in the lowest 

tertile, those with higher leptin concentrations had lower 

education, were less frequently current smokers, 

performed less recreational physical activity, spent longer 

time watching TV, and presented lower adherence to the 

Mediterranean diet, with higher waist circumference and 

higher body fat percentage. Moreover, they showed a 

higher frequency of hypertension, chronic lung disease or 

osteomuscular diseases as well as lower frequency of 

IADL-independence and optimal self-rated health. 

Finally, higher leptin levels were positively associated 

with HOMA-IR and CRP concentration.  
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Table 2. Odds ratios (95% confidence interval) for the association between serum concentration of leptin and risk of 

frailty, in the total study sample and according to characteristics of study participants. (N=1,573) 
 

   Leptin concentration  

                 
Tertile 1 

(lowest) 
Tertile 2 

Tertile 3 

(highest) 

p-trend 

Overall      

 Participants, n 528 531 514  

 Frailty cases 65 82 133  

 Model 1a 1.00 1.38 (0.96-1.99) 2.57 (1.83-3.60) <0.001 
 Model 2b 1.00 1.27 (0.87-1.87) 2.12 (1.47-3.06) <0.001 
 Model 3c 1.00 1.19 (0.79-1.78) 1.69 (1.11-2.61) 0.01 
 Model 4d 1.00 1.14 (0.75-1.72) 1.59 (1.01-2.52) 0.04 

Sensitivity analyses     

Frailty including weight loss     

 Participants, n 528 531 514  

 Frailty cases 14  23  58   

 Model 1a 1.00 1.89 (0.94-3.80) 5.26 (2.83-9.80) <0.001 
 Model 2b 1.00 1.66 (0.80-3.46) 4.25 (2.18-8.29) <0.001 
 Model 3c 1.00 1.64 (0.76-3.52) 4.09 (1.90-8.79) <0.001 
 Model 4d 1.00 1.41 (0.65-3.08) 2.95 (1.29-6.72) 0.005 

Defining weakness as lowest quintile of grip 

strength in our sample 

    

 Participants, n 528 531 514  

 Frailty cases 55 60 102  

 Model 1a 1.00 1.15 (0.77-1.72) 2.25 (1.55-3.26) <0.001 

 Model 2b 1.00 1.04 (0.67-1.59) 1.78 (1.19-1.66) 0.003 

 Model 3c 1.00 1.09 (0.69-1.72) 1.78 (1.10-2.88) 0.01 

 Model 4d 1.00 1.05 (0.66-1.68) 1.67 (1.01-2.80) 0.04 

Participants independent in IADL     

 Participants, n 478 474 448  

 Frailty cases 52 61 104  

 Model 1a 1.00 1.35 (0.90-2.02) 2.60 (1.79-3.77) <0.001 

 Model 2b 1.00 1.22 (0.80-1.88) 2.13 (1.43-3.19) <0.001 

 Model 3c 1.00 1.06 (0.68-1.65) 1.58 (0.99-2.52) 0.04 

 Model 4d 1.00 1.03 (0.65-1.62) 1.50 (0.91-2.49) 0.09 

Participants with optimal self-rated health     

 Participants, n 44 43 57  

 Frailty cases 413 372 320  

 Model 1a 1.00 1.20 (0.76-1.90) 1.86 (1.20-2.89) 0.006 

 Model 2b 1.00 1.15 (0.71-1.88) 1.66 (1.04-2.65) 0.03 

 Model 3c 1.00 1.03 (0.62-1.71) 1.32 (0.76-2.28) 0.32 

 Model 4d 1.00 1.03 (0.61-1.73) 1.33 (0.73-2.41) 0.35 

Participants without diagnosed chronic 

disease 

    

 Participants, n 284 229 203  

 Frailty cases 23 19 31  

 Model 1a 1.00 1.12 (0.58-2.15) 2.20 (1.22-3.98) 0.009 

 Model 2b 1.00 1.21 (0.61-2.40) 2.17 (1.15-4.12) 0.02 

 Model 3c 1.00 1.05 (0.52-2.12) 1.53 (0.73-3.21) 0.26 

 Model 4d 1.00 1.04(0.51-2.15) 1.51 (0.68-3.35) 0.32 

Participants who spent < 2 h/d watching TV     

 Participants, n 318 219 235  

 Frailty cases 35 31 49  

 Model 1a 1.00 1.43 (0.87-2.35) 2.23 (1.37-3.63) 0.001 

 Model 2b 1.00 1.30 (0.76-2.24) 1.96 (1.14-3.37) 0.01 

 Model 3c 1.00 1.11 (0.62-1.97) 1.45 (0.77-2.75) 0.24 

 Model 4d 1.00 1.05 (0.58-1.91) 1.33 (0.66-2.66) 0.40 

Participants whose diet had a Trichopoulou 

index ≥ 5 

    

 Participants, n 297 277 245  

 Frailty cases 36 44 63  



 Lana A., et al                                                                                                                    Leptin and frailty in older adults 

Aging and Disease • Volume 8, Number 2, April 2017                                                                               245 

 

 Model 1a 1.00 1.57 (0.96-2.58) 2.61 (1.63-4.20) <0.001 

 Model 2b 1.00 1.54 (0.90-2.65) 2.36 (1.40-3.98) 0.001 

 Model 3c 1.00 1.27 (0.72-2.26) 1.73 (0.93-3.19) 0.08 

 Model 4d 1.00 1.18 (0.65-2.12) 1.57 (0.81-3.05) 0.18 
 

IADL: Instrumental activities of daily living; TV: Television 

aModel 1: logistic regression model adjusted for sex and age (years). 
bModel 2: model 1 additionally adjusted for educational level (≤primary, secondary, university), smoking (never, former, current), leisure-time 

physical activity (quartiles of MET-h/wk), energy intake (quartiles of Kcal/d), alcohol consumption (never, former, moderate drinker, heavy 

drinker), Trichopoulou index score, hypertension, cardiovascular disease, cancer, chronic lung disease, osteomuscular disease, and depression. 
cModel 3: model 2 additionally adjusted for body fat (quartiles of %). 
dModel 4: model 3 additionally adjusted for HOMA-IR and CRP (mg/L).  
 

Over a median follow-up of 3.5 years, we identified 

280 (17.8%) persons with incident frailty. Using the five-

criterion definition of frailty (i.e. including weight loss), 

there was 95 (6.0%) incident cases. After adjustment for 

potential confounders except for body fat percentage 

(model 2), and compared to individuals in the lowest 

tertile of leptin concentration, the OR (95% CI) for frailty 

was 1.27 (0.87-1.87) in the second tertile, and 2.12 (2.12-

3.06) in the highest tertile (p-trend <0.001).  After 

additional adjustment for body fat percentage, the 

corresponding results were 1.19 (0.79-1.78) and 1.69 

(1.11-2.61; p-trend=0.01). Finally, with further 

adjustment for HOMA-IR and CRP the results were 1.14 

(0.75-1.72) and 1.59 (1.01-2.52; p-trend=0.04) (Table 2). 

Results were in the same direction when the weight loss 

criterion was included in the definition of frailty and when 

sample-specific cut-offs for grip strength were used, as 

well as among individuals with better health status, and in 

those with non-sedentary behavior or better adherence to 

the Mediterranean diet (Table 2). 

 

 

 

Table 3. Odds ratios (95% confidence interval) for the association between serum concentration of leptin and risk 

of frailty, by abdominal obesity and body fat (N=1,573). 
 

            Leptin concentration   

                 Tertile 1 

(lowest) 
Tertile 2 

Tertile 3 

(highest) 

p-trend p-interaction† 

Abdominal obesity      

 Participants, n 287 288 285   

 Frailty cases  46 62 90   

 Model 1a 1.00 1.15 (0.71-1.86) 1.94 (1.15-3.26) 0.006  

 Model 2b 1.00 1.09 (0.64-1.85) 1.56 (0.88-2.77) 0.09  

No abdominal obesity      

 Participants, n 238 238 237  

 Frailty cases 25 19 38   

 Model 1a 1.00 0.73 (0.38-1.43) 1.74 (0.85-3.56) 0.12 0.12 

 Model 2b 1.00 0.69 (0.33-1.41) 1.72 (0.79-3.72) 0.15 0.16 

Body fat % ≥ median in 

study sample  

     

 Participants, n 262 263 262   

 Frailty cases 42 58 86   

 Model 1a 1.00 1.17 (0.64-2.13) 1.88 (1.08-3.25) 0.001  

 Model 2b 1.00 1.12 (0.59-2.13) 1.69 (0.93-3.06) 0.02  

Body fat % < median in 

study sample  

     

 Participants, n 265 260 261  

 Frailty cases 25 29 36   

 Model 1a 1.00 1.37 (0.83-2.28) 2.14 (1.09-4.20) 0.02 0.47 

 Model 2b 1.00 1.38 (0.79-2.40) 2.03 (0.96-4.29) 0.05 0.56 
 

†Comparing the same model in the complementary stratum. 

Abdominal obesity: waist circumference >102 cm in men and >88 cm in women 

Median of body fat % in study sample: 30.6% in men and 42.1% in women. 
aModel 1: logistic regression model adjusted for sex and age (years). 
bModel 2: model 1 additionally adjusted for educational level (≤primary, secondary, university), smoking (never, former, current), leisure-time 

physical activity (quartiles of MET-h/wk), energy intake (quartiles of Kcal/d), alcohol consumption (never, former, moderate drinker, heavy 
drinker), Trichopoulou index score, hypertension, cardiovascular disease, cancer, chronic lung disease, osteomuscular disease, and depression. 
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Table 4. Odds ratios (95% confidence interval) for the association between plasma concentration of leptin 

and risk of each frailty criterion. (N=1,573) 

 
 Leptin concentration  

 
Tertile 1 

(lowest) 
Tertile 2 

Tertile 3 

(highest) 

p-trend 

Participants, n 528 531 514  

Exhaustion     

 Criterion present 49 55  96   

 Model 1a 1.00 1.16 (0.77-1.76) 2.29 (1.57-3.34) <0.001 

 Model 2b 1.00 1.06 (0.68-1.65) 2.05 (1.36-3.10) <0.001 

 Model 3c 1.00 1.12 (0.70-1.79) 2.16 (1.32-3.55) 0.001 

 Model 4d 1.00 1.14 (0.71-1.84) 2.24 (1.32-3.80) 0.002 

Low physical activity     

 Criterion present 67 71  105  

 Model 1a 1.00 1.06 (0.74-1.52) 1.77 (1.26-2.47) 0.001 

 Model 2b 1.00 0.97 (0.64-1.42) 1.40 (0.97-2.01) 0.06 

 Model 3c 1.00 0.94 (0.63-1.40) 1.18 (0.77-1.81) 0.42 

 Model 4d 1.00 0.91 (0.60-1.37) 1.11 (0.70-1.77) 0.61 

Slow walking speed     

 Criterion present 64 68  85   

 Model 1a 1.00 1.10 (0.76-1.15) 1.41 (0.99-2.01) 0.06 
 Model 2b 1.00 1.08 (0.74-1.57) 1.30 (0.90-1.89) 0.16 

 Model 3c 1.00 1.14 (0.77-1.69) 1.48 (0.96-2.29) 0.08 

 Model 4d 1.00 1.01 (0.67-1.52) 1.19 (0.74-1.92) 0.46 

Muscle weakness     

 Criterion present 132 149  230   

 Model 1a 1.00 1.26 (0.94-1.69) 2.61 (1.97-3.46) <0.001 
 Model 2b 1.00 1.17 (0.86-1.58) 2.35 (1.75-3.17) <0.001 

 Model 3c 1.00 1.05 (0.76-1.43) 1.77 (1.25-2.51) 0.001 

 Model 4d 1.00 1.01 (0.73-1.40) 1.68 (1.15-2.44) 0.005 

Weight loss     

 Criterion present 31 32 43  

 Model 1a 1.00 1.04 (0.62-1.73) 1.45 (0.90-2.35) 0.12 

 Model 2b 1.00 1.02 (0.61-1-73) 1.40 (0.84-2.33) 0.18 

 Model 3c 1.00 0.98 (0.57-1.69) 1.34 (0.74-2.42) 0.32 

 Model 4d 1.00 0.97 (0.55-1.67) 1.25 (0.66-2.35) 0.49 
 

aModel 1: logistic regression model adjusted for sex and age (years). 
bModel 2: model 1 additionally adjusted for educational level (≤primary, secondary, university), smoking (never, former, current), 
leisure-time physical activity (quartiles of MET-h/wk), energy intake (quartiles of Kcal/d), alcohol consumption (never, former, 

moderate drinker, heavy drinker), Trichopoulou index score, hypertension, cardiovascular disease, cancer, chronic lung disease, 

osteomuscular disease, and depression. 
cModel 3: model 2 additionally adjusted for body fat (quartiles of %). 
dModel 4: model 3 additionally adjusted for HOMA-IR and CRP (mg/L).  
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In stratified analyses, the association between leptin 

and risk of frailty was similar in those with or without 

abdominal obesity, and in those with body fat percentage 

above or below the sample median (Table 3). 

Table 4 presents the association between leptin 

concentrations and each frailty criterion.  Compared to 

individuals in the lowest tertile of leptin, those in the 

highest tertile showed a tendency to increased risk of all 

criteria, though statistical significance was only achieved 

for exhaustion (model 3, OR: 2.16; 95% CI: 1.32-3.55; p-

trend=0.001) and muscle weakness (model 3, OR: 1.77; 

95% CI: 1.25-2.51; p-trend=0.001).  

 

DISCUSSION  
 

In this study among community-dwelling older adults, 

higher leptin serum concentrations were associated with 

incident frailty. This association was observed regardless 

of abdominal obesity or body fat percentage, and was only 

modestly explained by insulin resistance or chronic 

inflammation, as represented by CRP levels. 

To our knowledge, this is the first longitudinal study 

to examine the risk of frailty associated with leptin 

concentrations. However, one investigation has found 

indirect evidence for this association, which is consistent 

with our results. Specifically, Aguirre et al. have recently 

reported that the association between high body fat mass 

and low bone density, which is a predictor of frailty, is 

mediated by leptin in older adults (24).  

In healthy individuals, leptin reduces food intake and 

increases energy expenditure, so it contributes to energy 

balance (9,10). However, there are at least two situations 

that could alter the physiology of leptin and could be 

related to some deleterious health effects. First, several 

diseases and severe disability can alter the effect of leptin 

on the hypothalamus, which is the main target of leptin 

(9). For instance, low leptin concentrations in patients 

with cancer are not associated with greater appetite, 

suggesting a disturbance in the hypothalamic response to 

leptin (25). Also, another study found low leptin levels in 

a small sample of institutionalized frail older adults, 

which was accompanied by increased levels of CRP and 

interleukin-6 (26). It is possible that, in these cases, low 

leptin levels simply reflect malnutrition status, which is 

also related to frailty. To rule out the role of baseline 

malnutrition in the study association, we excluded from 

the analyses one individual with BMI <18.5 kg/m2. 

Moreover, the association between leptin and frailty was 

observed even in those free of IADL limitations, with no 

diagnosed chronic diseases or with optimal reported 

health. 
Second, given that leptin levels reflect overall adipose 

mass (9,10), obese people have elevated leptin 

concentrations, which nevertheless are not able to control 

obesity by reducing food consumption; in fact, 

administration of leptin to obese individuals does not lead 

to weight loss (11). These findings have been interpreted 

as representing a state of leptin resistance (11). The 

ageing-associated loss of muscle mass is often 

accompanied by gains in fat mass, even in the absence of 

obvious signs of obesity (27). This increase in adipose 

tissue is mostly located in the abdomen and infiltrating the 

skeletal muscle. Therefore, the state of hyperleptinemia 

and leptin resistance that concurs in obese people may 

similarly affect older individuals, a fact which has already 

been demonstrated in animals (28). Also, given that both 

ageing and obesity are risk factors for frailty, an 

association between higher leptin and increased risk of 

frailty was to be expected. This is consistent with the 

association between leptin and muscle weakness observed 

in our study.  

Sarcopenia (reduced skeletal muscle mass and 

strength) plays a key role in the pathogenesis of frailty, 

leading to reduced physical activity, lower gait speed and 

greater fatigue (1,2,29). Among the potential mechanisms 

is the obesity-derived intracellular lipotoxicity (i.e., 

elevated intramuscular levels of lipids and their 

derivatives), which induces apoptosis by means of an 

elevated oxidative stress (30). Also in obesity, muscle 

progenitor cells could differentiate to an adipocyte-like 

phenotype as a result of paracrine signals from adipo-

cytokines leading to a reduced muscular renewal capacity 

(30). Interestingly, there is evidence that leptin 

concentrations are elevated in sarcopenic obesity (31), 

which in turn is an important risk factor for frailty 

(1,2,32). Lastly, in a recent study of 139,691 subjects from 

17 countries, reduced grip strength has been prospectively 

linked to higher risk of cardiovascular and all-cause death 

(33). Therefore, our results are of particular importance 

because they showed an association of leptin with both 

frailty and muscle weakness, each of them being a 

clinically relevant outcome. 

It is known that higher leptin may lead to higher 

production of proinflammatory cytokines, which are 

related to IR (9,10). In fact, in our cohort, being in a higher 

leptin tertile was associated with higher HOMA-IR and 

CRP. Thus, we hypothesized that the leptin-frailty 

association could be mediated, at least partially, by IR and 

inflammation. However, the adjusted OR of frailty for the 

highest versus lowest tertile of leptin was 1.69 and it was 

reduced to only 1.59 after additional adjustment for 

HOMA-IR and CRP. This suggests that the study 

association was only modestly explained by HOMA-IR 

and CRP. However, the role of other biomarkers of 

inflammation or oxidative stress, such as interleukin-6, 
tumor necrosis factor-alpha or reactive oxygen 

metabolites, cannot be entirely ruled out because they 

were not measured in this study.  
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Lastly, we found no evidence that abdominal obesity 

or body fat percentage modified the association between 

leptin and frailty. However, stratified analyses lead to 

smaller sample sizes and may limit the power to find 

statistical interactions. Moreover, body fat percentage was 

estimated with the CUN-BAE equation rather than 

directly measured. Therefore, our results should be 

confirmed in future studies with a larger sample size and 

direct measures of fat mass.  

Our study had several strengths and limitations. 

Among the first, is that most variables, including leptin 

and frailty, were measured with standardized and valid 

methods. Also the analyses adjusted for a good number of 

potential confounders, and the main results held after 

many sensitivity analyses. The main limitation was the 

lack of measurement of the soluble receptor of leptin, 

which has shown a stronger relation than leptin with some 

health outcomes (34). Neither did we measure other 

adipokines, particularly adiponectin; it seems that the 

joint assessment of leptin and adiponectin may be more 

biologically relevant than of leptin alone (10,35). 

However, we have attempted to partially account for this 

limitation by adjusting the analyses for body fat 

percentage, as a proxy for adipokines secretion. 

 

Conclusion 

 

In conclusion, in this prospective study of older adults, 

serum leptin concentrations were positively associated 

with incident frailty. Future research should confirm this 

finding. Future studies should also establish whether this 

association could be better characterized by the soluble 

receptor of leptin, and whether it is independent of the role 

of other adipokines. Moreover, the mechanisms of this 

association need to be elucidated.  

 

Acknowledgements 

 

This work was supported by grants from the State 

Secretary for R+D of Spain and FEDER/FSE (FIS 

12/1166 and 13/0288), CIBERESP and the European 

Union (FP7-HEALTH-2012-Proposal No: 305483-2, 

FRAILOMIC Initiative). The study funders had no role in 

the study design or in the collection, analysis, and 

interpretation of data. The authors have sole responsibility 

for the manuscript content and declare no conflict of 

interest. 

 

References 

 
[1] Fried LP, Tangen CM, Walston J, Newman AB, Hirsch 

C, Gottdiener J, et al (2001). Frailty in older adults: 

evidence for a phenotype. J Gerontol A Biol Sci Med Sci, 

56: M146-56. 

[2] Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, 

Bernabei R, et al. (2013). Frailty consensus: a call to 

action. J Am Med Dir Assoc, 14:392-97. 

[3] Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP 

(2005). The association between obesity and the frailty 

syndrome in older women: The Women’s Health and 

Aging Studies. J Am Geriatr Soc, 53:927-34. 

[4] Woods NF, LaCroix AZ, Gray SL, Aragaki A, Cochrane 

BB, Brunner RL, et al. (2005). Frailty: Emergence and 

consequences in women aged 65 and older in the 

Women’s Health Initiative Observational Study. J Am 

Geriatr Soc, 53:1321-330. 

[5] Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K 

(2010). Frailty, body mass index, and abdominal obesity 

in older people. J Gerontol A Biol Sci Med Sci, 65:377-

81. 

[6] García-Esquinas E, José García-García F, León-Muñoz 

LM, Carnicero JA, Guallar-Castillón P, Gonzalez-

Colaço Harmand M, et al. (2015). Obesity, fat 

distribution, and risk of frailty in two population-based 

cohorts of older adults in Spain. Obesity (Silver Spring), 

23:847-55. 

[7] Barzilay JI, Blaum C, Moore T, Xue QL, Hirsch CH, 

Walston JD, et al. (2007). Insulin resistance and 

inflammation as precursors of frailty: the Cardiovascular 

Health Study. Arch Intern Med, 167:635-41. 

[8] Polyzos SA, Mantzoros CS (2015). Leptin in health and 

disease: facts and expectations at its twentieth 

anniversary. Metabolism, 64:5-12. 

[9] Park HK, Ahima RS (2015). Physiology of leptin: energy 

homeostasis, neuroendocrine function and metabolism. 

Metabolism, 64:24-34. 

[10] López-Jaramillo P, Gómez-Arbeláez D, López-López J, 

López-López C, Martínez-Ortega J, Gómez-Rodríguez 

A, Triana-Cubillos S (2014). The role of 

leptin/adiponectin ratio in metabolic syndrome and 

diabetes. Horm Mol Biol Clin Investig, 18:37-45. 

[11] Sáinz N, Barrenetxe J, Moreno-Aliaga MJ, Martínez JA 

(2015). Leptin resistance and diet-induced obesity: 

central and peripheral actions of leptin. Metabolism, 

64:35-46. 

[12] Rodríguez-Artalejo F, Graciani A, Guallar-Castillón P, 

León-Muñoz LM, Zuluaga MC, López-García E, et al 

(2011). Rationale and methods of the study on nutrition 

and cardiovascular risk in Spain (ENRICA). Rev Esp 

Cardiol, 64:876-82. 

[13] Lana A, Rodriguez-Artalejo F, Lopez-Garcia E (2015). 

Dairy Consumption and Risk of Frailty in Older Adults: 

A Prospective Cohort Study. J Am Geriatr Soc, 63:1852-

60. 

[14] Bartali B, Frongillo EA, Bandinelli S, Lauretani F, 

Semba RD, Fried LP, et al. (2006). Low nutrient intake 



 Lana A., et al                                                                                                                    Leptin and frailty in older adults 

Aging and Disease • Volume 8, Number 2, April 2017                                                                               249 

 

is an essential component of frailty in older persons. J 

Gerontol A Biol Sci Med Sci, 61:589-593. 

[15] Talegawkar SA, Bandinelli S, Bandeen-Roche K, Chen 

P, Milaneschi Y, Tanaka T, et al. (2012). A higher 

adherence to a Mediterranean-style diet is inversely 

associated with the development of frailty in community-

dwelling elderly men and women. J Nutr, 142:2161-66. 

[16] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, 

Treacher DF, Turner RC (1985). Homeostasis model 

assessment: insulin resistance and beta-cell function 

from fasting plasma glucose and insulin concentrations 

in man. Diabetologia, 28:412-9. 

[17] Pols MA, Peeters PH, Ocké MC, Slimani N, Bueno-de-

Mesquita HB, Collette HJ (1997). Estimation of 

reproducibility and relative validity of the questions 

included in the EPIC Physical Activity Questionnaire. 

Int J Epidemiol, 26: Suppl1:S181-9. 

[18] Guallar-Castillón P, Sagardui-Villamor J, Balboa-

Castillo T, Sala-Vila A, Ariza Astolfi MJ, Sarrión Pelous 

MD, et al. (2014). Validity and reproducibility of a 

Spanish dietary history. PLoS One, 9:e86074. 

[19] Trichopoulou A, Costacou T, Bamia C, Trichopoulos D 

(2003). Adherence to a Mediterranean diet and survival 

in a Greek population. N Engl J Med, 348:2599-608. 

[20] Gómez-Ambrosi J, Silva C, Catalán V, Rodríguez A, 

Galofré JC, Escalada J, et al. (2012). Clinical usefulness 

of a new equation for estimating body fat. Diabetes 

Care., 35:383-8. 

[21] Lawton MP, Brody EM (1969). Assessment of older 

people: self-maintaining and instrumental activities of 

daily living. Gerontologist, 9: 179-86. 

[22] Chen GC, Qin LQ, Ye JK (2014). Leptin levels and risk 

of type 2 diabetes: gender-specific meta-analysis. Obes 

Rev, 15: 134-42. 

[23] Morley JE, Malmstrom TK, Rodriguez-Mañas L, 

Sinclair AJ (2014). Frailty, sarcopenia and diabetes. J 

Am Med Dir Assoc, 15:853-9. 

[24] Aguirre L, Napoli N, Waters D, Qualls C, Villareal DT, 

Armamento-Villareal R (2014). Increasing adiposity is 

associated with higher adipokine levels and lower bone 

mineral density in obese older adults. J Clin Endocrinol 

Metab, 99: 3290-7. 

[25] Mantovani G, Macciò A, Mura L, Massa E, Mudu MC, 

Mulas C, et al (2000). Serum levels of leptin and 

proinflammatory cytokines in patients with advanced-

stage cancer at different sites. J Mol Med (Berl), 78:554-

61. 

[26] Hubbard RE, O'Mahony MS, Calver BL, Woodhouse 

KW (2008). Nutrition, inflammation, and leptin levels in 

aging and frailty. J Am Geriatr Soc, 56:279-84. 

[27] Stenholm S, Harris TB, Rantanen T, Visser M, 

Kritchevsky SB, Ferrucci L (2008). Sarcopenic obesity: 

definition, cause and consequences. Curr Opin Clin Nutr 

Metab Care, 11:693-700. 

[28] Fernández-Galaz C, Fernández-Agulló T, Pérez C, 

Peralta S, Arribas C, Andrés A, et al (2002). Long-term 

food restriction prevents ageing-associated central leptin 

resistance in wistar rats. Diabetologia, 45:997-1003.  

[29] Hida T, Harada A, Imagama S, Ishiguro N (2013). 

Managing sarcopenia and its related-fractures to improve 

quality of life in geriatric populations. Aging Dis, 5:226-

37. 

[30] Kob R, Bollheimer LC, Bertsch T, Fellner C, Djukic M, 

Sieber CC, Fischer BE (2015). Sarcopenic obesity: 

molecular clues to a better understanding of its 

pathogenesis? Biogerontology, 16:15-29 

[31] Kohara K, Ochi M, Tabara Y, Nagai T, Igase M, Miki T 

(2011). Leptin in sarcopenic visceral obesity: possible 

link between adipocytes and myocytes. PLoS One, 6(9): 

e24633. 

[32] Roubenoff R (2004). Sarcopenic obesity: the confluence 

of two epidemics. Obes Res, 12:887-8. 

[33] Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, 

Avezum A Jr, Orlandini A, et al. (2015). Prognostic 

value of grip strength: findings from the Prospective 

Urban Rural Epidemiology (PURE) study. Lancet, 386: 

266-73. 

[34] Sun Q, van Dam RM, Meigs JB, Franco OH, Mantzoros 

CS, Hu FB (2010). Leptin and soluble leptin receptor 

levels in plasma and risk of type 2 diabetes in U.S. 

women: a prospective study. Diabetes, 59:611-8. 

[35] Yu D, Yu Z, Sun Q, Sun L, Li H, Song J, et al. (2011). 

Effects of body fat on the associations of high-

molecular-weight adiponectin, leptin and soluble leptin 

recepter with metabolic syndrome in Chinese. PLoS 

One, 6: e16818. 

 
 

 

http://www.ncbi.nlm.nih.gov/pubmed/21931785
http://www.ncbi.nlm.nih.gov/pubmed/21931785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21347230

