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Abstract

Background. Disability is a crucial health problem in aging. Identifying a biological contributory factor would be useful. Serum insulin-like
growth factor-1 (IGF-1) plays an important role in the endocrine system and is associated with frailty. However, there is no consensus about
the relationship between IGF-1 and disability. This study aimed to examine whether IGF-1 related to incident disability among older adults.
Methods. The study included 4,133 older adults (mean age, 71.8 = 5.4 years) who were participants in the “Obu Study of Health Promotion
for the Elderly” cohort study. We collected information on demographic variables, measured gait speed, Mini Mental State Examination score,
and serum IGF-1 at baseline. During follow-up, incident disability was monitored by Long-Term Care Insurance certification.

Results. Disability was observed in 212 participants during a mean follow-up duration period of 29.2 months. A log rank test indicated
that lower levels of serum IGF-1 were related to incident disability (p = .004). A Cox hazard regression showed a lower quartile in IGF-1
related to disability compared with the highest quartile (Q4), even when adjusting for covariates including gait speed and Mini Mental State
Examination score (Q1: hazard ratio = 1.72, 95% confidence intervals: 1.06-2.81; Q2: hazard ratio = 1.64, 95% confidence intervals: 0.99-
2.71; Q3: hazard ratio = 1.31, 95% confidence intervals: 0.76-2.25). In the analysis, stratified by sex, there was also significant relationship
between IGF-1 and disability among women, but not men.

Conclusions. Lower serum IGF-1 was independently related to disability among older adults.

Keywords: IGF-1—Disability—Long-term care—Frailty

Disability is the one of the crucial adverse health problems among
older adults. With the rising number of older adults, the number
of disabled older adults is also increasing, and this will impact
on health care costs (1). The absolute number of older people is
increasing globally. The highest proportion of older people has been
observed in Japan; the number of adults aged 65 years and older has
almost doubled in the past two decades, reaching 23% of the popu-
lation in 2010. Forty percent of Japan’s population will be older than
65 years of age in 2050 (2). The development of a strategy to detect
a higher risk of disability and provide adequate intervention for the
purposes of preventing or delaying the onset of disability in older
adults is required (3).

Identification of biological factors related to disability will con-
tribute to a better understanding of the mechanism of advanced
aging. Among such measurable biomarkers, insulin-like growth fac-
tor-1 (IGF-1) is an important mediator of growth hormones. It has
protective effects on neurobiological processes involving potent neu-
rotrophic and neuroprotective actions (4,5) and contributes to pro-
motion of skeletal muscle (6,7). Decreased serum IGF-1 is associated
with various adverse health outcomes such as frailty (8), sarcopenia
(9), and cognitive impairment (10,11), although most of these find-
ings are from cross-sectional studies. A deficiency in IGF-1 is thought
to be represented by biological changes, particularly in the endocrine
system, that are caused by cumulative molecular and cellular damage
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and leads to frailty in older adults (12,13). However, there is a lack
of evidence for an association between IGF-1 and disability among
older adults. A better understanding of the associations of IGF-1
and disability would aid our understanding of the mechanism for
preventing or delaying age-related disability because levels of serum
IGF-1 are related to cognitive function (10,11), muscle mass, and
strength (14,15).

The aim of this study was to examine whether serum IGF-1 is
related to incident disability. Most of the biomarkers studies have
used a cross-sectional design rather than longitudinal, and models
based on cross-sectional designs do not accurately reflect biology
(10). Thus, we designed a longitudinal study and hypothesized that
lower levels of serum IGF-1 are related to a higher risk of incident
disability.

Methods

Participants

Participants eligible for this study were participants in the popula-
tion-based cohort of the Obu Study of Health Promotion for the
Elderly. Recruitment was conducted via a letter sent to 14,313 indi-
viduals; 5,104 of these individuals participated in the Obu Study of
Health Promotion for the Elderly in 2011-2012. A detailed protocol
has been reported elsewhere (16). In the current study, we included
participants who were independent of basic activities of daily living
at baseline. This was confirmed by interview or not certified by Long-
Term Care Insurance (LTCI) at any level. Participants were excluded
based on a history of cerebrovascular disease, Parkinson’s disease,
dementia, cancer, or cerebral vascular disorder. Participants who had
missing values for these outcomes were also excluded. Finally, 4,133
participants were judged to be eligible for the study and completed
assessments, including blood tests, at baseline. The Ethics Committee
of the National Center for Geriatrics and Gerontology approved this
study. Participants provided informed consent in accordance with
the ethical policy.

Assessment of Disability

During the follow-up period, we monitored certification of LTCI
for all participants. LTCI assists those in need of long-term care
“to maintain dignity and an independent daily life routine accord-
ing to each person’s own level of abilities” (17). The LTCI certifies
a person as “Support Level 1 or 2” if he or she needs support for
daily activities or “Care Level 1, 2, 3, 4, or 5” if he or she needs
continuous care (18). Beneficiaries of the LTCI can use multiple
services for which they are eligible, according to their care plan
up to the maximum amount. They can use more services than
covered as long as they pay all the costs for the services beyond
the maximum level. The process of certification in LTCI has been
described elsewhere (18,19). In summary, a trained local govern-
ment official visits the home to evaluate nursing care needs using
a questionnaire on current physical and mental status (73 items)
and use of medical procedures (12 items). The results are entered
into a computer to calculate the applicant’s standardized scores
for the seven dimensions of physical and mental status, estimate
time of care, and assign a care-needs level based on the total esti-
mated care minutes. The Nursing Care Needs Certification Board,
consisting of physicians, nurses, and other experts in health and
social services appointed by a mayor, determines whether the initial
assessment is appropriate, considering the applicant’s primary care

physician’s statement and notes written by the assessor during the
home visit. The board then makes a final decision about certifica-
tion in LTCL In this study, the outcome of disability was defined
as a new requirement of LTCI service certified as any level. In the
event that the follow-up could not be performed to assess for inci-
dent disability, this was treated as censored data, that is, moving
out of the other city and death. We monitored this information
that was updated monthly. We defined the follow-up period from
the time we conducted the examination at baseline to 2014 (mean
follow-up duration period: 29.2 months).

IGF-1

A blood assay was conducted at baseline; a detailed protocol for this
has been described elsewhere (11). IGF-1 was quantitatively deter-
mined using an IGF-1 immunoradiometric assay “Daiichi” (TFB,
Tokyo, Japan). Measurements were performed in duplicate and
averaged to give a value in nanogram per milliliter. The assay was
performed by SRL (Tokyo, Japan).

Covariates

Participants were interviewed and their physical and cognitive func-
tion was assessed at baseline. Demographic data were collected for
age, sex, body mass index (weight/height?), educational history, and
medication use in a face-to-face interview. Information about life-
style, including sleep duration, and smoking and alcohol drinking
status were obtained. Physical exercise habit was also assessed using
the question “Do you engage in moderate levels of physical exer-
cise or sports aimed at health?” rated on a five-point scale ranging
from “no,” “less than 1 time/week,” “2-4 times/week,” “5-6 times/
week,” to “every day.” Depressive symptoms were evaluated using
the 15-item Geriatric Depression Scale (20). Gait speed was meas-
ured as an indicator of motor function. Participants were asked to
walk on a straight walkway of 6.6 m in length on a flat floor with
their usual gait speed. Gait time was measured over a 2.4-m dis-
tance between marks at 2.1 and 4.5 m from the start of the walk-
way, and the mean gait speed (meter/second) was calculated. Mini
Mental State Examination score provided a measure of cognitive
function (21).

Statistical Analysis

To examine the association of IGF-1 with subject characteristics,
gait speed, and cognitive function, the participants were divided into
quartiles based on levels of IGF-1 (Q1-Q4). Comparisons among
these groups were conducted using analysis of variance or the y? test.
Incidence rate were calculated in each groups (Q1-Q4). To examine
the association of the level of IGF-1 with disability, Kaplan—-Meier
survival risk assessments were used to plot cumulative survival func-
tion, and the results for each group were compared using log rank
tests. The objective variable was incident disability, and the explana-
tory variable was the level of IGF-1. Cox proportional hazards
regression models were used to determine the hazard ratio (HR) of
incident disability associated with IGF-1 level. Model 1 was the crude
model. Model 2 added the following covariates: age, sex, body mass
index, educational history, number of chronic diseases (hypertension,
hyperlipidemia, and diabetes), number of medications used, habit of
drinking, smoking, physical exercise, and Geriatric Depression Scale.
Model 3 added Mini Mental State Examination score and gait speed
to the variables in Model 2. In addition, the calculation of incidence
rate and the Cox proportional hazards regression analysis were
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stratified by sex owing to potential differences (22,23). Each model
in Cox proportional hazards regression analysis calculated the HR
and 95% confidence intervals (CI) referring to the highest level of
IGF-1 (Q4). Statistical analyses were performed using SPSS ver. 20
(IBM Corp., Armonk, NY). Statistical significance was set at p < .05
in all analyses.

Results

Participants were classified into quartiles based on IGF-1 levels
(Q1: <82ng/mL, # = 1,052; Q2: 83-100ng/mL, # = 1,044; Q3:
101-119ng/mL, n = 1,008; Q4: >120ng/mL, » = 1,029). A com-
parison of characteristics between these groups is summarized in
Table 1. The level of serum IGF-1 was significantly associated with
demographic variables including age, sex, body mass index, medica-
tions used, educational history, Geriatric Depression Scale, and habit
of drinking and smoking (all p < .05), but not with sleep duration
(p = .068). Mini Mental State Examination and gait speed were also
significantly associated with serum IGF-1 (p < .001).

During the follow-up period, 212 participants were certified
as having disability according to the LTCI (Q1: # = 99, 39.4 per
1,000 person-years; Q2: n = 55, 21.6 per 1,000 person-years; Q3:
n =36, 14.6 per 1,000 person-years; Q4: n = 22, 8.7 per 1,000 per-
son-years), while participants with censoring was observed in each
group (Ql: 7 = 24; Q2: n = 16; Q3: n = 18; Q4: n = 11). Mean
follow-up duration in each group was as follows: (Q1: 28.7 months,
Q2: 29.3 months, Q3: 29.4 months, Q4: 29.5 months). The results
from a log rank test indicated that the level of serum IGF-1 related
to disability (p = .004). Results of the Cox hazard regression analyses
including all the participants are shown in Table 2. Model 1 (crude
model) showed that the IGF-1 level in quartiles Q1 and Q2 was
significantly related to incident disability relative to the Q4 quartile
(Q1: HR =4.40,95% CI: 2.77-7.00; Q2: HR =2.44,95% CI: 1.49-
4.01; Q3: HR = 1.59, 95% CI: 0.93-2.72). A multivariate model
adjusting for demographic data (Model 2) also showed a relation-
ship with disability compared with the Q4 quartile (Q1: HR = 1.91,
95% CI: 1.18-3.10; Q2: HR = 1.73, 95% CIL: 1.05-2.86; Q3:
HR =1.42,95% CI: 0.83-2.43). In addition, the final model, further
adjusting for Mini Mental State Examination score and gait speed

(Model 3), showed similar results as Model 2 (Q1: HR = 1.70, 95%
CI: 1.06-2.81; Q2: HR = 1.64,95% CI: 0.99-2.71; Q3: HR = 1.31,
95% CI: 0.76-2.25). The adjusted cumulative incidence (Model
3) in each group is shown in Figure 1.

In the analysis stratified by sex, certified participants as having
disability according to the LTCI were 75 in men (Q1: n = 26, 28.7
per 1,000 person-years; Q2: n = 20, 18.1 per 1,000 person-years;
Q3: 1 =18, 14.0 per 1,000 person-years; Q4: n = 11, 7.4 per 1,000
person-years) and 137 in women (Q1: 7 = 73, 45.4 per 1,000 per-
son-years; Q2: n = 35,24.2 per 1,000 person-years; Q3: 7 =18,15.3
per 1,000 person-years; Q4: n = 11, 10.7 per 1,000 person-years).
The Cox hazard regression analyses were also conducted in each
group stratified by sex (Table 3). Among women, the results were
similar to results among the total samples showing that levels of
IGF-1 were related with disability in all models. Among men, levels
of IGF-1 were significantly associated with disability in the crude
model (Model 1), but there were no significant associations in the
adjusted models (Models 2 and 3).

Discussion

This prospective study revealed that serum IGF-1 levels are related
to incident disability. Older adults with lower levels of IGF-1 had a
significantly greater risk of disability. Although participants’ char-
acteristics were different among groups divided according to serum
IGF-1 levels, the relationship between serum IGF-1 levels and dis-
ability remained significant after adjusting for several covariates,
including physical and cognitive function.

Our results suggest that IGF-1 is a marker of disability; this is in
accordance with other limited evidence. Cappola and cowokers (23)
showed that lower serum IGF-1 was related with a high risk for pro-
gressive disability in older women. Our results demonstrated sex dif-
ferences; a significant association between IGF-1 and disability was
observed among women even after adjusting for covariates, but this
was not found in men. There are, however, discrepant results among
studies. For example, a cross-sectional study revealed that IGF-1
among oldest old individuals (aged 80 years and older) was not
associated with disability (24). The latter study further showed that
functional impairments including physical and cognitive impairment

Table 1. Characteristics of Participants in Quartiles Based on IGF-1 Levels

Level of IGF-1 (ng/mL)

Variables All Q1,<82 Q2, 83-100 Q3,101-119 Q4,2120 p Value
Age,y 71.8+5.4 74.2+6.1 71.8+5.3 71.0+4.8 70.2+4.5 <.001
Sex, % (women) 52 64 56 48 41 <.001
BMI, kg/m? 23.4+3.1 22.8+3.3 23.4=+3.1 23.5+2.9 24.1+2.9 <.001
Chronic diseases,” number 1.0+0.8 0.9+0.8 1.0+0.8 1.0+0.8 1.1+0.8 <.001
Medications used, number 1.9£2.0 2.0+2.1 1.9+2.0 1.8+1.9 1.9+1.9 .018
Education, y 11.4=2.5 10.8=2.5 11.3=2.5 11.5+2.4 11.8+2.6 <.001
Smoking, % (current) 10 8 9 13 11 <.001
Drinking alcohol, % (current) 46 38 45 50 52 <.001
Habit of physical exercise, % (no) 63 67 63 60 61 .029
Sleep duration, h 7.7+1.3 7.8+1.4 7.7+1.2 7.7+1.2 7.8+1.2 .068
GDS, score 2.8+2.6 3.1+2.6 2.7+2.6 2.7+2.6 2.6+2.4 <.001
MMSE, score 26.3x2.7 259+2.9 26.3+2.7 26.3x2.7 26.5+2.5 <.001
Gait speed 1.3+0.2 1.2+0.2 1.3+0.2 1.3+0.2 1.3+0.2 <.001

Notes: BMI = body mass index; GDS = Geriatric Depression Scale; IGF-1 = insulin-like growth factor-1; MMSE = Mini Mental State Examination. Data are
shown as mean = SD or %. Variables were compared among IGF-1 levels (Q1-Q4).

*Chronic diseases included hypertension, hyperlipidemia, and diabetes.
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Table 2. Cox Proportional Hazards Regression Models Analyses of the Relationship Between Disability and IGF-1 Levels

Model 1 Model 2 Model 3
IGF-1 Level HR (95% CI) P HR (95% CI) p HR (95% CI) P
Q1 (lowest) 4.40 (2.77-7.00) <.001 1.91 (1.18-3.10) .009 1.72 (1.06-2.81) .028
Q2 2.44 (1.49-4.01) <.001 1.73 (1.05-2.86) .032 1.64 (0.99-2.71) .054
Q3 1.59 (0.93-2.72) .091 1.42 (0.83-2.43) .200 1.31 (0.76-2.25) 328
Q4 (highest) Reference Reference Reference

Notes: BMI = body mass index; CI: confidence intervals; GDS = Geriatric Depression Scale; HR: hazard ratio; IGF-1 = insulin-like growth factor-1; MMSE = Mini
Mental State Examination. Model 1: crude model; Model 2: adjusted for age, sex, BMI, number of chronic diseases (hypertension, hyperlipidemia, and diabetes),

number of medications used, years of education, sleep duration, habit of alcohol drinking and smoking, habit of physical exercise, and GDS; Model 3: MMSE

score and gait speed added to Model 2.
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Figure 1. Adjusted cumulative incident disability among groups (Q1-Q4).The
cumulative incident was adjusted for age, sex, body mass index, educational
history, number of chronic diseases, number of medications used, habit of
drinking, smoking, physical exercise, Geriatric Depression Scale, Mini Mental
State Examination, and gait speed in the Cox regression analysis (Model 3).

were also not associated with IGF-1. However, these studies focused
on a specific sample with different characteristics from the partic-
ipants in our sample, such as sex and age. Our population study
included a sufficient sample size, and the significant results remained
after adjusting for covariates including demographic data, physical
function, and cognitive function. Thus, our findings have expanded
other results and provided further insight into understanding serum
IGF-1 for age-related functional decline. In addition, the relation-
ship between levels of IGF-1 and disability may differ by sex. Other
studies have also reported sex differences in the role of IGF-1 for
disability (22,23). Al-Delaimy and coworkers (22) suggested that
sex differences in this regard might depend on the function of tes-
tosterone and/or estrogen. For example, testosterone administration
elevated serum IGF-1 levels in men (25). However, there was no clear
evidence for whether serum IGF-1 played a specific role among men
or women. Further study would be required to clarify the sex differ-
ences for the effect of IGF-1 on disability.

Disability among older adults is thought to be one of the conse-
quences of frailty (26-28). Decreased IGF-1 is considered to be caused
by cumulative molecular and cellular damage and leads to frailty in
older adults (12,13). Furthermore, lower serum IGF-1 is associated
with and predictive of frailty among older adults (8,15,29,30). This
can be explained by the effects of IGF-1 on age-related functional
decline. Functional decline has been related to frailty and disability
(12,31), but the cumulative evidence suggests that serum IGF-1 is
associated with physical and cognitive function. Low IGF-1 levels
have been associated with poor knee extensor muscle strength and
slow walking gait speed (32). High IGF-1 levels have been associated
with better physical function including gait speed among older adults
with obesity, but not in non-obese individuals (33). On the contrary,
lower levels of IGF-1 are predictive of cognitive decline (34,35),
decreased IGF-1 levels over time are related to a decline in cognition
(10), and lower levels of serum IGF-1 are a risk factor for Alzheimer’s
disease and dementia (36,37). In addition, physical function has been
shown to have an interrelationship with cognitive function (11,38).
This relationship may partly depend on the role of IGF-1. Because
blood-borne IGF-1 has major target organs such as muscle and the
brain (39) and contributes to promotion of neuronal plasticity (4,5)
and skeletal muscle (6,7), IGF-1 is thought to contribute to mediating
the relationship between exercise and cognition (11,40). Maintaining
IGF-1 levels may contribute to robust and healthy cognitive function
among older adults. Thus, the association of IGF-1 with physical and
cognitive function may contribute to incident disability.

Our study has several strengths; it had a sufficient sample size
and used a prospective design. Other studies examining the relation-
ship between IGF-1 and disability included smaller samples or used
a cross-sectional design. Additionally, disability as a main outcome
in this study was prospectively surveyed through data from a public
insurance system. Most studies regarding disability have been per-
formed using self-reported information or based on subjective judg-
ment. Certification in LTCI was based on systematic assessment and
required conference consensus for certification (18). Thus, the identi-
fication of disability in our study would be more objective and valid
than that based on subjective judgment. On the contrary, our study
had several limitations. First, our study did not include other bio-
markers, for example, interleukin. There are other biomarkers that
also have the potential to be associated with advanced aging. Also,
IGFBP-3 is an important factor to consider because IGF-1 is regu-
lated by the Insulin-like growth factor-binding protein-3 concentra-
tion (41). However, these measurements were not included in our
study. Thus, further studies require a comparison between biomark-
ers. Additionally, other end point outcomes should be added in further
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