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Abstract

Background: neopterin is a monocyte/macrophage-derived immune activation marker and its levels increase with age.
Frailty is an important clinical syndrome of old age. Previous studies have shown significant association between elevated
interleukin-6 (IL-6) levels and frailty. The objective of this study was to evaluate IL-6-independent association of serum
neopterin levels with prevalent frailty.
Methods: this is a cross-sectional study in community-dwelling older adults recruited from residential and retirement com-
munities in Baltimore, MD, USA. Frailty was determined using validated screening criteria. Serum neopterin and IL-6 levels
were measured using standard enzyme-linked immunosorbent assay. Pearson correlation and multivariate linear regression
analysis was performed to assess the relationship between log(neopterin) and log(IL-6). Odds ratios (ORs) for frailty were
calculated using log(neopterin) and log(IL-6) as continuous measures and across tertiles of neopterin and IL-6 levels, adjust-
ing for age, race, sex, education and body mass index.
Results: one hundred and thirty-three individuals with a mean age of 84 years (range 72–97) completed the study.
Neopterin levels were significantly higher in frail older adults than those in non-frail controls [median: 8.94 versus
8.35 nM, respectively, P < 0.001 t-test on log(neopterin)]. Log(neopterin) was significantly associated with prevalent
frailty, adjusting for log(IL-6). Participants in the top tertile of neopterin had OR of 3.80 [95% confidence interval
(CI) = 1.36–10.6, P < 0.01] for frailty. As expected, participants in the top tertile of IL-6 had OR of 3.29 (95% CI =
1.21–7.86, P < 0.05) for frailty. Log(neopterin) correlated with log(IL-6) (correlation coefficient = 0.19, P < 0.05).
Moreover, OR for participants in the top neopterin tertile remained significant after adjusting for IL-6 (OR = 3.97,
95% CI = 1.15–13.72, P < 0.05).
Conclusion: elevated neopterin levels had IL-6-independent association with prevalent frailty, suggesting potential
monocyte/macrophage-mediated immune activation in the frail elderly.
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Introduction

Frailty, increasingly recognised as an important and
common geriatric syndrome, is identifiable by a validated
set of criteria consisting of three or more of the following
five measurable characteristics: slowed motor performance
(by walking speed), poor endurance and energy (self-report
of exhaustion), weakness (by grip strength), unintentional
weight loss and low physical activity [1]. It has been
suggested that frailty is a clinical syndrome resulting from
dysregulation in multiple physiologic systems, manifested by
maladaptive responses to stressors, leading to hospitalis-
ation, mortality and other serious adverse health outcomes
[1–4]. Studies have shown that systemic inflammation, as
marked by elevated interleukin-6 (IL-6) levels and white
blood cell counts, is potentially a key pathophysiological
factor for frailty and its associated multisystem dysregula-
tion [5–7]. In addition, we have recently reported that frailty
is associated with elevated monocyte counts [8]. Ex vivo
studies of purified monocytes with or without lipopolysac-
charide (LPS) stimulation have shown that frail older adults
have upregulated monocytic expression of stress-responsive
inflammatory pathway genes compared with age-, race- and
sex-matched non-frail controls [9, 10]. However, potential
immune activation and in vivo monocyte/macrophage
activity in the syndrome of frailty have not been adequately
investigated.

Neopterin, a guanosine triphosphate metabolite, is pri-
marily produced by human monocytes/macrophages and is
considered a marker of immune activation and monocyte/
macrophage activity [11, 12]. Ageing is associated with
increased production and serum concentration of neopterin
[11, 13–15] and elevated neopterin level is associated with
decreased survival in older adults [14, 16–18]. Elevated
neopterin levels have also been documented in conditions
with significant immune activation, such as viral infections
[19] and autoimmune disease [20], as well as in patients
with malignancies [21], acute coronary syndrome and sleep
and lung disorders [22–24].

The objective of this study was to investigate the
relationship between serum neopterin and frailty. We
hypothesised that elevated neopterin levels would have a
significant association with prevalent frailty, independent of
IL-6. Addressing these hypotheses will provide initial evi-
dence for the involvement of monocyte/macrophage-
mediated immune activation in the geriatric syndrome of
frailty. To test these hypotheses, we conducted a case-
control study in community-dwelling older men and
women, evaluating serum neopterin and IL-6 levels and
their relationships with prevalent frailty.

Methods

Human subjects

Community-dwelling older adults aged 70 years and older
were recruited from outpatient medical clinics, senior

centres and residential retirement communities in
Baltimore, MD. Potential candidates were identified by
physicians and nursing staff, or responded to ads posted in
local newspapers. These individuals were screened by
trained clinical research coordinators. Study eligibility cri-
teria included the validated frailty screening tool (see below)
and exclusion criteria. Exclusion criteria included
Parkinson’s disease, stroke with residual hemiparesis, symp-
tomatic congestive heart failure, uncompensated endocrine
disorders, active malignancy, rheumatoid arthritis or any
other inflammatory conditions, or use of immune-
modulating drugs including oral corticosteroids. These
exclusion criteria were intended to minimise the impact of
one single disease in mimicking or initiating the presence of
the clinical phenotype of frailty or potential effects on
monocyte/macrophage activities from inflammatory/auto-
immune diseases or immune-modulating medications.
Persons with significant cognitive deficit (Folstein mini-
mental status exam score <18/30) were also excluded
because this study was focused on physical frailty (based on
the frailty criteria described below) rather than cognitive
dysfunction. In addition, most individuals who were
excluded by mini-mental status exam scores had difficulties
in providing informed consent. Those who qualified came
to the Clinical Research Unit at Johns Hopkins Institute for
Clinical and Translational Research on Johns Hopkins
Bayview Medical Center campus for a medical history and
physical examination by a physician member of the research
team to ensure that they met the eligibility criteria and did
not have an acute illness. The Johns Hopkins Institutional
Review Board approved the study protocol. Written
informed consent was obtained from all participants.

Determination of the syndrome of frailty

Validated and widely utilised frailty screening criteria were
employed for the determination of the syndrome of frailty
[1]. These criteria are based on the presence or absence of
five measurable characteristics: slowed motor performance
(walking speed), poor endurance and energy (self-report of
exhaustion), weakness (grip strength), shrinking (uninten-
tional weight loss) and low level of physical activity.
Individuals with a critical mass of three or more of the five
components were defined as frail, those with one or two
components as prefrail and those with none of the com-
ponents as non-frail.

Measurements of serum neopterin and IL-6 levels

Peripheral venous blood samples were collected into serum
separation tubes (Becton Dickinson, Mountain View, CA,
USA). Sera were obtained after a 20-min centrifugation, ali-
quoted and stored at −80°C until analysis. Serum neopterin
was measured using a commercially available competitive
enzyme-linked immunosorbent assay (ELISA) (ALPCO
Diagnostics; Salem, NH, USA). This immunoassay has a
sensitivity of 0.8 nM and an interassay coefficient of
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variance of 5.29%. Serum IL-6 was measured using an
ultra-sensitive sandwich-based ELISA human cytokine kit
(Meso Scale Discovery, Gaithersburg, MD, USA), which
has a sensitivity of 0.05 pg/l and an interassay coefficient
of variance of 3.92% for serum IL-6 measurement.

Data analyses

Summary statistics of demographic characteristics and
serum neopterin and IL-6 levels were constructed for all
study participants and distributions of these characteristics
and study variables were summarised according to the
frailty status. Log-transformed values of neopterin and IL-6
levels were used in our statistical analyses (except for
models using tertiles, see below). Frailty was modelled as a
three-level outcome (frail versus prefrail versus non-frail)
and analysis of variance (ANOVA) was employed to assess
the relationship between frailty and log(neopterin).
Pearson’s correlation and multivariate linear regression
analysis were used to evaluate the relationship between log
(IL-6) and log(neopterin). Multinomial logistic regression
models were used to assess effects of serum neopterin and
IL-6 levels on the risk of being frail or prefrail versus
non-frail. Log(neopterin) and log(IL-6) were initially ana-
lysed as continuous covariates for maximal efficiency; the
estimated effects were expressed as odds ratios (ORs) of
being frail versus non-frail or prefrail versus non-frail for
every one standard deviation (SD) unit increase of log
(neopterin) or log(IL-6) such that the relative contributions
of neopterin and IL-6 levels could be readily compared.
Because of the wide 95% confidence intervals (CIs) from
these analyses as well as potential non-linear associations

between frailty and neopterin and IL-6 levels suggested by
our exploratory analyses, neopterin and IL-6 levels were
then modelled as tertiles in association with frailty for the
ease of interpretation. Models I and II assessed the individ-
ual effects of neopterin or IL-6, respectively, while model
III evaluated the independent effect of neopterin and IL-6
on frailty. All analyses were adjusted for age, race, sex, edu-
cation and body mass index (BMI). Intercooled Stata soft-
ware, version 9 was used for model estimation and
diagnostics (Stata Corporation, College Station, TX, USA).

Results

Characteristics of the study participants

Approximately 300 community-dwelling men and women
aged 70 years and older were screened. Approximately one-
quarter of those met the entry criteria. One hundred and
thirty-three participants with complete data on frailty
measurements and serum neopterin and IL-6 levels were
included in the study. As shown in Table 1, participants
had a mean age of 84 years with a range of 72–97. The
majority of them were female and Caucasians. According to
the frailty criteria described above, 50 participants were
frail, 32 were prefrail and 51 were non-frail. There were sig-
nificant differences in race, sex, education or BMI across
the frailty categories, whereas the difference in age
approached statistical significance (P = 0.07) (Table 1).
Overall, participants had an average of three medical diag-
noses including the following common diseases: hyperten-
sion, osteoarthritis, hypercholesterolemia, osteoporosis,
diabetes mellitus, etc. On average, they took three

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Demographic characteristics and serum neopterin and IL-6 levels in all study participants and across frailty
categories

Variables All subjects (n= 133) Non-frail (n= 51) Prefrail (n= 32) Frail (n= 50) P value

Age, mean ± SD (year) 84.0 ± 4.7 82.7 ± 5.2 85.4 ± 4.1 84.4 ± 4.1 0.07
Race, white (%) 95.7 98 93.8 93.6 0.31
Sex, female (%) 80 84.3 68.7 84.3 0.34
Education (high school or above) (%) 91.0 94.1 90.6 88.0 0.21
BMI, mean ± SD (kg/m2) 25.5 ± 5.6 25.0 ± 4.1 25.0 ± 3.7 26.2 ± 7.8 0.62
Neopterin levels (nM)
Mean ± SD 9.66 ± 4.21 8.56 ± 1.80 10.08 ± 4.37 10.53 ± 5.49 <0.001a

Median 8.65 8.35 8.89 8.94
(Range) (5.25–36.12) (5.25–13.43) (5.53–28.16) (6.09–36.12)

Tertiles (%) <0.05
Bottom (<7.89) 44.4 28.1 23.4
Middle (7.89–9.64) 35.2 31.3 34.0
Top (>9.64) 20.4 40.6 42.6

IL-6 levels (pg/l)
Mean ± SD 2.15 ± 1.72 1.78 ± 1.86 1.99 ± 1.54 2.60 ± 1.63 <.01a

Median 1.56 1.22 1.49 2.17
(Range) (0.38–9.19) (0.39–7.72) (0.44–8.49) (0.64–9.19)

Tertiles (%) <0.05
Bottom (<1.12) 36.0 46.9 18.6
Middle (1.12–2.25) 46.9 36.0 25.0 34.9
Top (>2.25) 25.0 28.0 28.1 46.5

aDetermined using ANOVA test on log-transformed values across the frailty categories.
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medications including antihypertensive medications (thia-
zide diuretics, beta-blockers, calcium-channel blockers,
angiotensin-converting enzyme inhibitors or angiotensin II
receptor blockers, etc). No significant difference in clinical
diagnosis or medication use was observed across the frailty
categories (data not shown). None of the participants was a
current smoker, or reported illicit drug use or heavy
alcohol consumption.

Association between neopterin and frailty

As shown in Table 1, the mean and median of serum
neopterin levels in this study population were 9.66 and
8.65 nM, respectively. Among the frailty categories, mean,
median and percentages of participants in top tertiles of
neopterin levels had stepwise increase from the non-frail to
prefrail and frail groups. Figure 1 shows log(neopterin)
values across the frailty groups with the median value in
each group illustrated by a horizontal bar and mean value
by a ‘+’, further demonstrating higher neopterin in frail and
prefrail participants than that in non-frail ones (P < 0.05,
ANOVA trend test). In multinomial logistic regression ana-
lyses, higher log(neopterin) was associated with significantly
increased OR of being frail (OR = 94.9, 95% CI = 1.7–
5,312, P < 0.01), adjusting for age, race, sex, education and
BMI (Table 2, Model 1). With neopterin levels being mod-
elled in tertiles, OR of being frail compared with non-frail
was 3.8 times greater (95% CI = 1.36–10.6, P < 0.01) in the
top tertile of neopterin levels compared with the bottom
tertile, adjusting for age, race, sex, education and BMI
(Table 2, Model I).

Association of neopterin with frailty: independent

of IL-6

To gain initial insight into the question of whether the
observed association between elevated neopterin levels and
frailty is dependent on elevated IL-6, a pro-inflammatory
cytokine that is known to be associated with frailty, we first
evaluated the relationship between neopterin and IL-6
levels in the study population. There was a significant corre-
lation between log(neopterin) and log(IL-6) with Pearson’s
correlation coefficient of 0.19 (P < 0.05). As expected,
serum IL-6 levels had significant association with prevalent
frailty when analysed as a continuous variable [log(IL-6):
OR = 5.01, 95% CI = 1.05–24.75, P < 0.05) or in tertiles
(top tertile versus bottom tertile: OR = 3.8, 95% CI =
1.36–10.6, P < 0.05), both after adjusting for age, race, sex,
education and BMI (Table 2, Model II). Neopterin and
IL-6 levels were entered in the same model and the OR for
association between neopterin and frailty was 70.9 (95%
CI = 1.08–4662, P < 0.05) when log(neopterin) was mod-
elled as a continuous variable, and 3.97 (95% CI = 1.15–
13.72) when serum neopterin levels were modelled in ter-
tiles; both after adjusting for IL-6. Of interest, the associ-
ation between IL-6 and frailty was no longer statistically
significant after adjusting for neopterin (Table 2, Model
III).

Discussion

In this study, we have observed, for the first time, a signifi-
cant association of elevated serum neopterin levels with
prevalent frailty in community-dwelling older adults, adjust-
ing for age, race, sex, education and BMI. Moreover, the
observed association is independent of IL-6 levels, a
pro-inflammatory cytokine that is known for its association
with frailty.

Neopterin is a marker of monocyte/macrophage-
mediated immune activation in humans. We have recently
shown that neopterin level increases with age [13]. An
Austrian study in a large cohort of healthy blood donors
has suggested the mean value ± standard deviation (SD) of
serum neopterin levels of 9.7 ± 5.0 nM in persons aged 75
years and above [12]. Consistent with these reports, older
adults included in the present study had a mean ± SD of
9.66 ± 4.21 nM. The currently observed results—that frail
participants had significantly higher neopterin levels than
non-frail controls after adjusting for age and other potential
confounding factors—indicate further elevation of neop-
terin levels in the syndrome of frailty above and beyond
age-related changes. The observed elevation in neopterin
levels suggests immune activation and increased monocyte/
macrophage activities in frailty. Such monocyte–
macrophage-mediated immune activation is supported, at
least in part, by our previous findings that compared with
their age-, race- and sex-matched non-frail controls; frail
older adults had high monocyte counts and upregulated ex
vivo expression of pro-inflammatory chemokine CXCL10

Figure 1. Log(neopterin) across frailty groups. Study partici-
pants were segregated into non-frail, prefrail and frail groups.
The horizontal bar represents the median value and ‘+’ sign
represents the mean value for each group.
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by unstimulated monocytes and several additional stress-
responsive genes after brief ex vivo stimulation with LPS [8–
10]. The neopterin levels observed in the frail elderly in this
study appeared to be not as markedly elevated as those
reported in acute viral infections, such as acute cytomegalo-
virus infection (>13 nM) [25] and human immunodefi-
ciency virus infection (>16 nM) [26] or in active systemic
lupus erythematosus (>15 nM) [27]. Additional studies are
needed to further investigate the mechanism and regulation
of neopterin production and monocyte/macrophage-
mediated immune regulation in frailty.

A number of studies have observed significant associ-
ation of elevated IL-6 levels with frailty in older adults [5–
7, 28, 29]. Results from the present study were consistent
with this observation (Table 2, Model II). IL-6 is a well-
known pro-inflammatory that is produced by the immune
system cells including monocytes and macrophages and a
variety of other cell types [29]. Significant correlation
between neoperin and IL-6 levels identified in this study,
coupled with age-related increase in neopterin or IL-6
levels observed in other studies [13, 29], may suggest mono-
cyte/macrophage activation leading to increased production
of both neopterin and IL-6 in older adults. The results that
the association of neopterin with frailty remained significant
after adjusting for IL-6 (Table 2, Model III) indicates that
such association is independent of IL-6. On the other
hand, the data that the association between IL-6 and frailty
was no longer statistically significant after adjusting for
neopterin may suggest monocyte/macrophage-mediated
immune activation marked by elevated neopterin levels as a
potentially important mechanism that mediates
IL-6-marked inflammation and its contribution to frailty.

The following limitations should be considered. First,
the relatively small sample size may limit the study power.
For example, that the ORs of being frail had large 95% CIs
when log(neopterin) and log(IL-6) modelled as continuous

variables is likely due to a limited sample size and data
variability. This was partly addressed by modelling neop-
terin and IL-6 levels in tertiles. In addition, that the OR of
being prefrail for top tertile of neopterin was marginally sig-
nificant is also likely due to the limited sample size.
Secondly, except for the pre-established exclusion criteria,
other medical conditions that are common in older adult
population were not excluded and they were not included
in the statistical models. However, as this study was
designed to evaluate associations of immune activation and
inflammation with frailty, it was not intended to adjust for
common comorbid conditions, because they may have sig-
nificant contributions to immune activation and inflam-
mation in frail older adults. Lastly, the directionality of the
observed associations between elevated neopterin and
frailty could not be determined in this cross-sectional study.
Despite these limitations, results from this study support
the original hypothesis and suggest significant monocyte/
macrophage-mediated immune activation in frail elderly
living in the community, independent of IL-6 levels. These
findings provide a basis for further mechanistic and longi-
tudinal investigations into the underlying immune mechan-
isms that contribute to frailty, based on which potential
interventional strategies can be developed for the preven-
tion and treatment of this important and common geriatric
syndrome in the future.

Conclusion

In the study sample of community-dwelling older adults,
serum neopterin levels had stepwise increase across the
spectrum of the frailty syndrome, from non-frail to prefrail
and frail. Multivariate regression analyses demonstrated that
elevated neopterin levels conferred significantly higher ORs
for prevalent frailty, independent of IL-6 levels. These

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Odds (95% CIs) of being frail versus non-frail or prefrail versus non-frail using continuous measures of
log-transformed neopterin and IL-6 values or comparing top and middle tertiles with bottom tertile of serum neopterin
and IL-6 levels in community-dwelling older adults

Analysis Model Ia Model IIa Model IIIa

Prefrail Frail Prefrail Frail Prefrail Frail

Using continuous measures
Log(neopterin) 27.8 (0.99–2,311) 94.9 (1.7–5,312)** 27.8 (0.99–2,309) 70.9 (1.08–4,662)*
Log (IL-6) 0.4 (0.1–1.9) 5.1 (1.05–24.75)* 0.3 (0.1–1.81) 3.7 (0.74–18.62)

Using tertiles
Neopterin tertiles
Middle 1.5 (0.5–4.5) 1.97 (0.73–5.3) 1.33 (0.39–4.53) 3.11 (0.99–9.78)
Top 3.02 (0.99–9.19) 3.8 (1.36–10.6)** 3.85 (1.23–11.95)* 3.97 (1.15–13.72)*

IL-6 tertiles
Middle 0.53 (0.18–1.57) 1.88 (0.64–5.51) 0.37 (0.11–1.3) 1.57 (0.46–5.37)
Top 0.83 (0.28–2.48) 3.29 (1.21–7.86)* 0.45 (0.13–1.53) 3.14 (0.96–10.23)

aModels I and II were multinomial logistic regression analysis including indicator variables neopterin or IL-6 alone as continuous measures (log-transformed
values) or for middle and top tertiles (using bottom tertile as the reference group) of serum neopterin or IL-6 levels, respectively. Model III was multiple logistic
regression analysis including both neopterin and IL-6 as continuous measures or for middle and top tertiles. All models were adjusted for age, race, sex, education
and BMI.
P value *<0.05 or **<0.01.
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findings provide initial evidence supportive of potential
monocyte/macrophage-mediated immune activation in this
clinical syndrome of old age.

Key points

• This study demonstrates significant cross-sectional associ-
ation between elevated neopterin levels and prevalent
frailty in a sample of community-dwelling older adults.

• The association between neopterin and frailty is indepen-
dent of IL-6 levels.

• Neopterin is a marker of monocyte/macrophage-
mediated immune activation and its elevation may suggest
such immune activation in the geriatric syndrome of
frailty.
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Abstract

Background: it is uncertain as to which measures of gait best predict those who are likely to fall. Our aim was to investi-
gate the associations of gait and gait variability measures with incident falls risk.
Methods: individuals aged 60–86 years (n = 412) were randomly selected from the Tasmanian electoral roll. Average gait
and gait variability measures were collected on a computerised walkway. Falls were recorded prospectively over 12 months.
Log multinomial regression was used to estimate the relative risk of single and multiple falls associated with gait measures.
Covariates included age, sex, sensorimotor and cognitive measures, mood and medications.
Results: in this population-based study greater intra-individual variability in step length and double-support phase were lin-
early associated with increased risk of multiple falls (P= 0.04). Non-linear associations with multiple falls were found for
gait speed P = 0.002, cadence P = 0.004 and step time variability P = 0.03. None of the gait measures predicted risk of
single falls.
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