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Abstract
Objectives—Involuntary weight loss affects 20% of community dwelling older adults. The
underlying mechanism for this disorder is unknown. Objective is to determine if failure of older
persons to regain weight is associated with elevated pro-inflammatory cytokine and leptin levels.

Design—Prospective diet intervention study.

Setting—University of Washington Medical Center from 2001–2005.

Participants—Twenty-one younger (18–35 years old) and nineteen older (≥ 70 years old) men and
women.

Intervention—Each subject was placed for two weeks on a weight-maintaining diet, followed in
sequence by 2 weeks of 30% caloric restriction, then 4 weeks of ad libitum food intake.

Measurements—Plasma leptin levels, fasting serum pro-inflammatory cytokine levels, and
peripheral blood mononuclear cell cytokine levels were measured.

Results—Leptin levels in the two cohorts decreased after caloric restriction and increased after ad-
libitum food consumption resumed. Plasma TNF α levels were higher in older subjects compared to
younger adults. However, there was no association between changes in TNF α levels and changes in
AUC leptin.

Conclusion—Leptin levels in healthy older individuals responded appropriately in a compensatory
manner to changes in body weight. These data do not support a cytokine dependent elevation in leptin
levels as being responsible for the failure of older adults to regain weight.

Keywords
Weight loss; leptin; pro-inflammatory cytokines; aging

Introduction
Involuntary weight loss is a common problem associated with adverse outcomes such as poor
wound healing and infections among community dwelling older adults (1,2). Weight loss is a
component of the frailty syndrome (3), and previous studies have shown increased mortality
rates in older persons with involuntary weight loss (1,2). Body weight regulation is a complex
interaction between appetite-driven food intake and both resting and non-resting energy
expenditure. Previous studies have demonstrated abnormalities of body weight regulation in
healthy older adults, but not younger persons, after a brief period of reduced food intake (4,
5). We have previously studied the effect of aging on ghrelin response to acute weight loss and
shown that ghrelin levels respond in a compensatory manner to changes in body weight (6).
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However, the influence of aging on leptin response to acute weight loss is unknown.
Understanding the physiology of body weight regulation in healthy older individuals is
necessary to distinguish between normal aging and pathological change in weight regulation
due to underlying diseases.

Leptin, a product of adipocytes (7–8), serves as an endocrine marker of fat mass. It is thought
to reduce food intake and to increase energy expenditure and fat oxidation by acting on
receptors both in the hypothalamus and periphery (9). Plasma leptin concentrations have been
extensively investigated in medical conditions associated with cachexia (10–13). In all of these
studies, except for one study of hemodialysis patients (11), leptin levels were measured only
after patients had lost significant amounts of weight. Leptin levels were found to be lower after
weight loss, as expected, due to the decrease in fat mass (14). It would be more informative to
compare leptin levels before and after weight loss to assess the appropriateness of the decline
in leptin levels. The importance of measuring integrated 24-hour plasma leptin levels (AUC
leptin) in the regulation of body composition has been appreciated (15), although most studies
fail to report this data.

Levels of pro-inflammatory cytokines, specifically interleukin-6 (IL-6) and tumor necrosis
factor α (TNF α), increase with age (16–18). Their levels are elevated in conditions
characterized by anorexia, cachexia, and, in the elderly, weight loss and disability (19–23).
Interleukin-1 (IL-1) and TNF α stimulate leptin synthesis in adipose tissue (24–25). Thus, it is
plausible that increased levels of pro-inflammatory cytokines contribute to involuntary weight
loss in older persons through both leptin-dependent and leptin-independent mechanisms.

We measured serum levels and mitogen-stimulated, peripheral blood mononuclear cell
(PBMC) production of proinflammatory cytokines before and after weight loss in older subjects
and young controls. Although PBMC stimulation experiments reflect the production and
release of cytokines in vivo better than measurement of serum levels of cytokines (26–27),
serum cytokine levels were also obtained to assess production by adipocytes and other non-
lymphoid cells (28). AUC leptin was measured as a possible mediator of any cytokine-induced
increase in satiety. We hypothesized that older but not younger individuals would fail to regain
weight after acute weight loss due to high pro-inflammatory cytokine levels leading to
increased AUC leptin.

Methods
Subjects

Advertisements were placed in both local and University of Washington campus newspapers
to recruit healthy younger (18–35 years old) and older (≥ 70 years old) men and women from
the community between years 2001 and 2005. Specific inclusion and exclusion criteria of the
subjects have been previously published (6). Briefly, all subjects had a stable body mass index
(BMI) between 22 and 30 kg/m2 for at least one year. They could not exercise more than 30
minutes three times per week or express interest in losing weight. Potential participants were
excluded if they had diseases known to be associated with weight loss or anorexia (6). The
study protocol was approved by the Human Subjects Division of the University of Washington.
Each subject provided a written informed consent prior to enrollment into the study. The
General Clinical Research Center (GCRC) of the University of Washington was the main site
to conduct the study procedure.

Dietary Protocol
A detailed description of the dietary protocol has been previously published (6). Briefly, each
subject was placed on two weeks of a weight-maintaining diet provided by the Nutrition
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Research Kitchen of the General Clinical Research Center (GCRC). Subjects were admitted
to the GCRC (study visit “CRC1”) for evaluation on day 14 of the diet. This evaluation
consisted of 24 hours of hourly blood sampling for leptin and pro-inflammatory cytokine levels.
At 0800h on the morning following admission, body composition data was obtained by a dual
x-ray absorptiometry scan (Lunar Prodigy scanner, Madison WI). In addition, resting energy
expenditure (REE) was determined using a metabolic cart and ventilated hood system
(SensorMedics, Deltatrac MBM-100, Yorba Linda, CA and Parvo Medics Metabolic Cart,
Sandy UT). Following this GCRC admission, subjects were placed on a caloric-restriction diet
(30% decreases in calorie intake from their baseline total calorie intake per day) for two weeks.
On Day 14 of the caloric-restriction diet, they were re-admitted to the GCRC (study visit
“CRC2”) to undergo the same study procedures as the previous visit. Afterwards subjects were
placed on 4 weeks of an ad-libitum diet, and they could eat as much or as little food provided
by the GCRC as they wished. Their energy intake and body weights were monitored biweekly.
At the end of the ad-libitum diet, each subject was re-admitted to the GCRC to undergo the
study protocol one final time (study visit “CRC3”).

Peripheral blood mononuclear cell (PBMC) culture
PBMC were isolated from 20 ml of heparinized blood drawn from subjects after an overnight
fast. Blood samples diluted with an equal volume of RPMI 1640 medium were centrifuged
over Ficoll-Paque (Pharmacia NJ), and the interphase cells were washed twice in RPMI 1640
supplemented with 2 mmol/L L-glutamine, 50 U/ml penicillin, 50 mg/ml streptomycin and
10% fetal calf serum (Life Technologies, Grand Island NY). Cells were plated at 1.25×106 per
well in flat-bottom tissue culture-treated 48-well cell culture clusters (Costar, Cambridge MA).

PBMCs were stimulated with Phytohemagglutinin (PHA) at final concentrations of 10 µg/mL
(Difco, Detroit MI) and with Lipopolysaccarides (LPS) extracted from Escherichia coli
055:B5, at 1000 pg/mL final concentration (Sigma Chemical Co, St Louis MO). PBMC were
cultured for 24 hours at 37°C in a water-saturated atmosphere with 5% CO2. Culture
supernatants from three replicate wells were pooled and frozen at −70°C for determinations of
IL-1β, IL-6 and TNF α levels.

Assays
Leptin—Plasma leptin levels were measured using an active human leptin enzyme-linked
immunosorbent assay (ELISA) kit. (Diagnostic Systems laboratories, Inc. Webster, TX) The
lower and upper limits of detection were 0.0 and 50.0 ng/ml respectively. Samples with initial
leptin values ≥ 50 ng/ml were re-assayed after dilution. The intra-assay coefficient of variation
(CV) was 6.2% and the inter-assay CV was 5.3%. All samples from a single individual were
run in duplicate in the same assay. AUC leptin was determined by using the trapezoidal rule
for calculating the area under the curve.

Pro-inflammatory cytokines—Pro-inflammatory cytokine (TNFRp55, TNFRp75, TNF
α, IL-1β and IL-6) analyses were performed using an ELISA [29]. The intra-assay CV for TNF
α, TNFRp55, TNFRp75, IL-1β and IL-6 were 5.4%, 1.2%, 5.1%, 2.0% and 1.8% respectively.
The inter-assay CV for TNF α, TNFRp55, TNFRp75, IL-1β and IL-6 were 5.1%, 7.0%, 10.9%,
2.9% and 10.3% respectively.

Statistical analysis
The effect of the three different diets on leptin and proinflammatory cytokine levels within
younger and older subjects was examined with paired t-tests. Due to the skewed data for serum
and PBMC pro-inflammatory cytokine levels, all values were log transformed prior to analysis.
Partial correlation analyses were performed to evaluate the association between changes in
AUC leptin and pro-inflammatory cytokine levels. The Bonferroni correction was applied to
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adjust for multiple comparisons made for different cytokines (30). The criterion for statistical
significance was P ≤0.05, and two-sided tests were used for all analyses. The SPSS version 14
(SPSS Inc., Chicago, IL) was used to analyze data.

Results
Body composition, REE, and calorie consumption

The detailed results of body composition, REE and calorie consumption have been previously
reported (6). Briefly, both younger (mean age = 25 ± 5 years old) and older (mean age = 75 ±
4 years old) subjects lost weight after the caloric restriction diet and both groups failed to regain
their weight back to their baseline after the 4-weeks of ad-libitum diet (6). There were no
significant differences in the magnitude of changes in weight, REE, fat mass or lean mass after
caloric restriction or after ad-libitum diet when younger and older subjects were compared with
one another (6).

AUC leptin and fasting morning leptin levels
Neither unadjusted AUC leptin levels nor AUC leptin levels adjusted for fat mass at baseline
(CRC 1) were significantly different between the two age groups (unadjusted AUC leptin for
younger and older subjects were 556 ± 139 and 726 ± 151 ng/ml respectively; P = 0.41.
Adjusted AUC leptin for younger and older subjects were 23.8 ± 4.7 and 25.6 ± 4.7 ng/ml
respectively; P = 0.79). Younger and older women had significantly higher AUC leptin per fat
mass at baseline compared to younger and older men (Adjusted AUC leptin for younger women
and men were 36.3 ± 6.4 vs. 10.1 ± 3.7 ng/ml respectively; P = 0.003. Adjusted AUC leptin
for older women and men were 35.4 ± 5.4 vs. 12.2 ± 5.6 ng/ml respectively; P = 0.009).

In both age groups, AUC leptin levels decreased appropriately after caloric restriction (CRC2)
and returned to baseline after the ad-libitum diet (CRC3) (Figure 1). There was a trend towards
a greater decrease in AUC leptin levels induced by caloric restriction among younger versus
older subjects (−38.7% ±3.9 vs. −28.9% ±3.0 respectively; P = 0.06). The increase in AUC
leptin values after the ad-libitum diet was instituted did not differ between the two cohorts
(30.9% ± 6.5 for younger and 36.5% ± 6.7 for older, P = 0.55). There was a significant
correlation between the overnight fasting leptin levels and AUC leptin values for both younger
and older subjects (r =0.978, P = 0.001, and r =0.982, P = 0.001, respectively).

Serum pro-inflammatory cytokine levels
Older subjects had higher TNFRp55 levels than younger subjects at CRC 1, 2 and 3 (Figure
2). IL-6 levels were elevated in healthy older individuals compared to younger subjects only
after caloric restriction (CRC 2) (Figure 2). There were no statistically significant differences
in TNFRp55, TNFRp75, IL 1β or IL6 before or after the caloric restriction period for either
age group (data not shown).

PBMC pro-inflammatory cytokine levels
The pro-inflammatory cytokine levels produced by unstimulated PBMC or PBMC stimulated
with LPS or PHA at CRC 1, 2 or 3 did not differ significantly by age group (data not shown).
There were no statistically significant differences in PBMC production of TNF α, IL-1β or IL6
before or after caloric restriction for either age group (data not shown).

AUC leptin and pro-inflammatory cytokine levels
After correcting for multiple comparisons, the change in AUC leptin with caloric restriction
(CRC 1 to CRC 2) did not correlate significantly with changes in pro-inflammatory cytokine
production by unstimulated PBMC or PBMC stimulated with LPS or PHA for both age groups
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(Table 1). Similarly, there were no significant correlations between changes in AUC leptin
after ad-libitum diet phases (CRC 2–3) and change in pro-inflammatory cytokine levels in
either cohort (Table 1).

Discussion
This study demonstrates that caloric restriction induced similar decreases in AUC leptin levels
in healthy older and younger adults, and the two groups did not differ in the degree to which
their leptin levels recovered following 4 weeks of ad libitum refeeding. The fasting leptin levels
and AUC leptin values were highly correlated in both subject groups. Therefore, in future
studies, fasting blood samples may be used as a surrogate for diurnal blood sampling.
Surprisingly, only one of the pro-inflammatory cytokines, TNF α, was higher in older subjects
compared to younger adults during all three diet phases. Previous studies have shown that IL-6
and TNF α increase with age [16–18], however, the older subjects in this study probably had
better overall health than those enrolled in previous studies. Although serum TNF α levels were
higher in older subjects, there was no significant correlation between change in TNF α and
change in AUC leptin. Our data do not support the hypothesis that elevation of serum
proinflammatory cytokine levels prevents a decline in leptin levels with weight loss, thereby
impairing body weight recovery in older individuals.

Two limitations of this study deserve comment. First, since neither age group regained their
weight completely after 4 weeks of the ad libitum diet (6), the AUC leptin levels measured
during CRC3 may not have accurately reflected a state of energy balance. Nevertheless, our
data provide absolutely no indication for a difference in diurnal leptin profiles between younger
and older subjects at any point during the study. The second potential limitation is that this
study was powered to detect a significant difference in calorie intake between younger and
older adults during recovery from induced weight loss rather than differences in pro-
inflammatory cytokine levels. However, the significant differences we observed between
groups for 2 out of the 3 cytokines, or cytokine receptors measured in serum, is reassuring that
our methodology was sufficiently sensitive to detect major diet and age related changes. The
absence of diet or age effects on cytokine production by stimulated PBMC in vitro further
supports a lack of cytokine modulation of leptin levels during recovery from weight loss.

In conclusion, leptin levels in healthy older individuals responded appropriately to acute weight
loss, and serum IL-1β and IL-6 levels were not significantly higher in older subjects compared
to younger controls. There was no association between changes in pro-inflammatory cytokine
levels and changes in AUC leptin levels for either younger or older adults. Our results establish
that the homeostatic system acting to stabilize body composition is intact in older individuals
who are free of medical illness. It is uncertain how older individuals with co-morbid illnesses
will respond to acute weight loss; this is an important area for future investigation.
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Figure 1. 24 hour leptin levels
All values are mean. CRC1 = Clinical Research Center visit after weight maintenance phase,
CRC2 = Clinical Research Center visit after 30 % caloric restriction phase, CRC3 = Clinical
Research Center visit after ad-libitum phase.
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Figure 2. Log transformed serum cytokine levels
All values are mean ± SEM. * P ≤ 0.05 values for differences between younger and older
subjects, two-tailed independent t-test. CRC1 = Clinical Research Center visit after weight
maintenance phase, CRC2 = Clinical Research Center visit after 30 % caloric restriction phase,
CRC3 = Clinical Research Center visit after ad-libitum phase.
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