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Abstract: As life expectancy and obesity increase in low and middle-income countries, the
relationship of weight status to functional outcomes in older adults in these settings requires
attention. We examined how overweight (BMI > 25 kg/m2), obesity (BMI > 30 kg/m2), and high
waist circumference (WC > 80 cm) related to grip strength, timed up-and-go, and development of
limitations in mobility, activities of daily living (ADL), and instrumental activities of daily living
(IADL) among Filipino women. We analyzed data from seven rounds of the Cebu Longitudinal
Health and Nutrition Survey (1994, n = 2279 to 2015, n = 1568, age 49–78 years) to examine how
women’s reports of functional limitations related to their prior WC, and how their grip strength
and timed up-and-go related to concurrently measured overweight and obesity, adjusted for age,
socioeconomic status, and urbanicity. High WC was associated with higher odds of subsequent
mobility and IADL limitations. Chronic disease morbidity (sum of self-reported arthritis, high blood
pressure, heart disease, diabetes, and cancer) fully mediated the association of high WC with ADL
and IADL limitations, but not physical/mobility limitations. Longer up-and-go times, and higher grip
strength were related to overweight and obesity. Results emphasize the need for obesity prevention
to reduce chronic diseases and maintain good functional status as women age.

Keywords: obesity; functional limitations; activities of daily living; instrumental activities of daily
living; mobility limitations; grip strength; timed up-and-go; Philippines

1. Introduction

Obesity has rapidly increased, particularly among lower socioeconomic status (SES) groups in
many low and middle-income countries [1]. While a substantial amount of literature relates obesity to
cardiometabolic disease risk in low and middle-income countries, relatively little attention has been
paid to how obesity relates to functional outcomes and well-being in these settings. For example,
in several systematic reviews that identified numerous prospective studies relating obesity to physical
disability, all but one of the cited studies were from high income countries [2,3].

Longitudinal studies in high income settings among older adults have found that overweight and
obesity are associated with increased odds of developing disabilities. For example, obesity and high
WC increased the odds of six-year disability incidence in Dutch adults aged 55 and older [4] and in the
US Atherosclerosis Risk in Communities Cohort, obesity at age 25 was associated with increased odds
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of functional limitations and ADL and IADL impairments later in life [5]. In the Health ABC study,
an 8-fold higher risk of incident mobility limitations after age 70 was reported among individuals
who were obese since age 25 [6]. In a systematic review, Vincent et al., it was reported that mobility
disability (walking, stair climbing, and chair rise ability) was more prevalent with obesity in adults 60
years old and above, and in particular, when BMI exceeded 35 kg/m2 [7]. Rejeski and colleagues in
their review [2] also noted non-linear effects of BMI, which emphasize the need for studies to examine
BMI or high WC categories.

There are several pathways through which obesity may affect physical functioning [2,3]. Excess
body weight may directly affect joints and increase risk of osteoarthritis, or alter movement dynamics,
postural control, and pain and thus influence mobility [3,6]. The combination of obesity and
muscle weakness also relates to functional limitations [8–11]. Obesity may also increase risk of
disability indirectly through its well-known association with chronic diseases, with well-documented
associations of diabetes with disability [10,12–15].

At the same time, physical/mobility limitations may contribute to a more sedentary lifestyle,
which, in turn, may lead to weight gain. The relationship of obesity to functional limitations is
therefore difficult to understand without using high quality longitudinal data to address the direction
of associations and pathways.

Since 1983, the Cebu Longitudinal Health and Nutrition Survey (CLHNS) has collected detailed
data from a community-based cohort of women and an index offspring [16]. The CLHNS includes
residents of cities and contiguous peri-urban and rural areas that comprise Metro Cebu, the second
largest metropolitan area of the Philippines. Metro Cebu exemplifies current demographic and health
trends in Asia, where populations are aggregating into rapidly expanding urban centers, levels of
economic growth are high, and cardiovascular and related diseases have become the leading cause of
mortality. According to 2016 data, heart disease, stroke, and diabetes were the top three conditions
responsible for death and disability in the Philippines [17]. Our past research in the CLHNS sample
documented a dramatic 7-fold increase in the prevalence of overweight and obesity (BMI > 25 kg/m2)
from 1986 to 2002 (from 6.5% to 42% of adult women), and a doubling of hypertension prevalence
(SBP ≥ 140 or DBP ≥ 90) from 19% to 38% between 1998 and 2007 [18].

Here, we aimed to investigate how overweight and obesity relate to physical capacity (grip
strength and timed up-and-go) and to the development of self-reported physical/mobility limitations,
activities of daily living (ADLs), and instrumental activities of daily living (IADLs) using data from
repeated surveys in the CLHNS cohort. Since the CLHNS includes women across a wide age range,
we also assess how these relationships differ by age and over time. We test whether self-reported
chronic disease morbidity (elevated blood pressure, diabetes, arthritis, cancer, and heart disease)
may mediate a hypothesized association of obesity with disabilities. Moreover, many studies of
functional status focus on the elderly and ignore the early development of functional limitations
among younger adults.

2. Materials and Methods

2.1. Sample

Sample women are participants in the ongoing CLHNS [7], which initially recruited all pregnant
women in 33 randomly selected urban and rural communities of Metro Cebu who gave birth between
1983 and 1984 (n = 3327). All subjects gave their informed consent prior to joining the study. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by
Institutional Review Boards at the University of North Carolina at Chapel Hill (IRB #05-1422 and
11-0064) and the University of San Carlos (no number). Here, we use data from full follow-up surveys
conducted in 1994 (mean age 38.5 ± 6.0 years, range 25–58), 1998, 2002, 2005, 2012, and 2015 (mean
age 58.7 ± 6.0 years, range 49–78). Table 1 shows the sample size and reasons for exclusion from
the possible analysis sample from 1994 to 2015, with reasons for loss to follow-up categorized as
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death, migration out of the Metro Cebu study area or failure to locate, and refusal. As expected
death increased over the years as the sample aged, while refusals increased owing to lack of time or
waning commitment to participation over a long period of follow-up. A full report of attrition and its
consequences for health outcomes is available elsewhere [19].

Table 1. CLHNS sample size and reasons for loss to follow-up across survey years. Analysis sample
for the current study spans 1994–2015.

Year In Survey Died Migrated or Not Contacted Refused Pregnant

1983–1984 3327 0 0 0
1994 2192 62 951 35 87
1998 1938 86 1200 52 51
2002 2072 110 1039 76 30
2005 2008 136 1087 86 10
2011 1814 251 1138 123 1
2015 1568 314 1242 203 0

Table 2 presents mean values of characteristics of women in 1994, among those subsequently lost
to follow-up versus those still in the sample in 2015. The retained sample had lower SES as indicated
by lower household hygiene, lower income, and less years of education; lived in less urbanized
communities; had slightly lower BMI; were less likely to have already reported a physical/mobility
limitation; and were less likely to have reported being in poor health.

Table 2. Baseline (1994) characteristics of women lost to follow-up versus retained in the 2015 survey.
p-values represent chi-square test of proportions for binary variables, and ANOVA for continuous
variables, comparing included versus excluded women.

Variable
Lost to Follow-Up (in 1994, not in 2015) Retained (in 1994 and 2015)

p-Value *
Mean SD Mean SD

Morbidity score (range 0–3) 0.24 0.54 0.17 0.44 0.002
Hygiene score (range 0–9) 5.41 1.93 5.15 1.88 0.003

Age (years) 38.71 6.35 38.39 5.95 0.250
Education (years) 7.28 3.49 6.75 3.21 <0.001

Log income 5.97 0.88 5.88 0.74 0.012
Urbanicity index (range 8–59) 37.34 12.48 35.10 13.51 <0.001

Height (cm) 150.52 4.96 150.41 5.00 0.622
BMI (kg/m2) 23.58 4.19 23.08 3.80 0.004

Reported ≥1 task with difficulty 0.28 0.22 0.001
Reported ≥1 task with severe

difficulty 0.06 0.03 <0.001

General health excellent 0.46 0.47 0.679
General health poor 0.02 0.04 <0.001

2.2. Measures and Variables

Physical capacity was measured using grip strength (maximum of three hand-held dynamometer
readings) in 2005, 2012, and 2015, and the timed up-and-go task [20] measured in 2012 and 2015.

Functional limitations were determined using questionnaires that asked women if they could
complete various tasks (a) independently, (b) independently but with difficulty, (c) with help, or (d)
not at all. Consistent with other studies, we define two levels of functional limitations: any difficulty or
inability to perform the task [21], and severe limitations as able to do tasks only with help or not at all.
Tasks were grouped into three categories: physical/mobility (walking 100 m, walking 1 km, standing
for 2 h, carrying a weight of 5 kg, climbing a hill or stairs, and doing household chores), activities of
daily living (ADLs include ability to lie down after standing, stand up after lying down, eat, bathe,
and dress independently), and instrumental activities of daily living (IADLs include ability to shop,
prepare food, care for children, use public transportation, and account for money. Physical/mobility
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limitations were assessed starting in 1994, while ADL and IADL limitations were assessed starting
in 1998.

Weight status was represented by BMI and waist circumference (WC). Weight, height, and WC
were measured by trained study staff. Overweight and obesity were defined using WHO-recommended
BMI cut-points of 25 and 30 kg/m2, respectively, and high WC (>80 cm) was used as an indicator of
central obesity [22]. Observations were excluded when a woman was pregnant (n = 87 in 1994, 51 in
1998, 30 in 2002, 10 in 2005, 1 in 2012).

For morbidity, women were asked whether they had any of the illnesses included in a list read
to them. We focused on self-reported high blood pressure (BP), heart disease, diabetes, arthritis,
and cancer, which were asked in all survey years. We created a summary index representing the
number of illnesses reported from this list, for a potential score of 0 to 5. We assessed the agreement
of self-reported high BP and diabetes with high BP measured in triplicate after a 10-min seated rest
using OMRON HEM-7211 devices and defined as systolic ≥ 140 mm Hg or diastolic ≥ 90 or taking an
antihypertensive medication; and diabetes represented as glycated hemoglobin (NycoCard Reader II)
>6.5% or taking medication to treat diabetes. Self-reports underestimated prevalence of hypertension
based on measured blood pressure (32.9% vs. 39.1% in 2012; 46.9% vs. 46.5% in 2015) and diabetes
based on HbA1c (9.6% vs. 13.2% in 2012, and 13.0% vs. 14.2% in 2015). Self-reports underestimated
prevalence of hypertension based on measured blood pressure (32.9% vs. 39.1% in 2012; 46.9% vs.
46.5% in 2015) and diabetes based on HbA1c (9.6% vs. 13.2% in 2012, and 13.0% vs. 14.2% in 2015).

For other covariates, we identified age categories according to age in the baseline year for each
analysis (e.g., 1994 for physical/mobility measures, but 2012 for timed up-and-go). The specific age
ranges for the groups in each analysis are shown in the results tables, but correspond to ages of 45–54,
55–59, 60–65, and >65 at the last follow-up survey. Socioeconomic status (SES) was represented by
the woman’s education (highest grade attained) and an assets score. The assets score was derived
from a tetrachoric factor analysis of binary variables representing the quality of housing materials and
ownership of household assets such as television, electric fan, air conditioner, tape recorder, refrigerator,
vehicles, phones, or livestock. The first factor had an eigenvalue >10 and high factor loadings on items
typically owned in wealthier households, such as appliances and vehicles. We used the coefficients
representing the factor structure in 2005 to calculate comparable time varying assets scores for all
survey years. Higher values represent greater wealth. The urbanicity index was constructed using
data from surveys answered by key informants in every community in which a study participant lived.
The index (possible range 0–70 points) is the sum of scores for seven components—population size,
population density, communications, transportation, educational facilities, health services, and markets.
Full details of how the index was calculated, and of scale metrics have been published [23]. History
of menstrual periods and presence of menopausal symptoms were queried at each survey and these
data were used to create a binary variable indicating, for each survey, whether the woman was
postmenopausal or not.

2.3. Analysis Methods

We calculated the prevalence of each type of functional limitation and morbidity, and mean grip
strength and timed up-and-go across all years. We estimated the likelihood of incident or recurrent
physical/mobility, ADL, or IADL disabilities; that is, cases where the woman reported a limitation
in the current survey but not in the prior survey, as a function of lagged anthropometric variables
and other covariates. We used random effects longitudinal logistic regression models to account for
the correlation of repeated measures in individuals (XTLOGIT in Stata 14) [24]. After preliminary
analyses to examine age interactions, appropriate functional forms and contribution of SES variables,
the disability models included main effects and interactions of age group with lagged weight status,
and lagged menopausal status, urbanicity of residence, education, assets, and dummy variables for
each survey year. We compared model fit using Bayesian information criteria for models specified
alternately with high WC or overweight and obesity, and found that across all incident disability
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outcomes, high WC models had better fit, so we focus on WC as a measure of central obesity.
Preliminary analysis showed no relationship of menopausal status to functional limitations, likely
reflecting its collinearity with age, so this variable was dropped from final models.

We assessed the potential mediating role of prior morbidity in the development of disabilities
using structural equation models (GSME in Stata 14) [24], accounting for the covariates listed above,
and specified with age, but without age interaction terms. The mediation models explored the
associations across all survey years, clustered by woman ID to account for the correlation of repeated
measures in individuals.

Since physical performance is likely to be more strongly affected by current versus prior weight
status, we explored the contemporaneous association of overweight and obesity with grip strength
and timed up-and-go using longitudinal linear regression models (XTREG in Stata 14) [24]. For these
continuous outcomes, model fit was best with BMI categories that also accounted for non-linear
associations (different relationships with overweight vs. obesity). As with functional limitations,
menopausal status was unrelated to timed up-and-go and therefore dropped.

To test whether attrition may bias results, we estimated the probability of being in the sample
in each year in probit models, with a large set of 1983 baseline socioeconomic and demographic
variables as predictors. We then calculated the inverse probability of participation (IPP) for each year,
and included this variable as a confounder in all of our models [25]. IPP was not a significant predictor
of any outcomes (all p-values > 0.10), and the inclusion of IPP in the model did not change other beta
coefficients in the model by more than 0.01 units.

3. Results

At the last survey (2015), age ranged from 46–79 years, 37% of participants were 60 or older,
and 91% were postmenopausal. The CLHNS sample is predominantly low SES: 32% of women did not
complete primary school, and 22% had a high school education or more. Mean height is 150 ± 5 cm.
Asset and urbanicity scores increased from 1994 to 2015 and more than 90% of participants were
postmenopausal at the last survey.

The prevalence of overweight or obesity increased significantly across survey years in all age
groups (p < 0.01). The prevalence of high WC increased over time in all age groups (Figure 1).
The largest increases in prevalence were among women in the youngest age groups. By 2015, more
than 60% of women who were <40 years of age in 1994 had a high WC, while 43% of women in the
oldest age group had a high WC (p < 0.01).
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Figure 1. Age and time trends in overweight and obesity (OWOB = BMI > 25 kg/m2) and high waist
circumference (high WC = WC > 80 cm) among middle to older age Filipino women.

3.1. Occurrence of Functional Limitations

Limitations in ability to perform each type of task and of incidence and prevalence of any
limitation and any severe functional limitations increased over time (Table 3). Physical/mobility
limitations were more prevalent than ADL or IADL limitations, and by 2015, about one-third of women
reported at least one physical limitation. Any difficulty climbing stairs or a hill and standing for 2 h
were the most commonly reported physical/mobility limitations, reported by about 20% of women in
2015. Severe limitations in ADLs were infrequent across all years. The most common ADL limitation
was standing after lying down. Among the IADLs, limitations in ability to care for children, shop, and
use public transportation became the most frequent types of IADLs in the later years.
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Table 3. Prevalence of any limitations in specific tasks comprising IADLs, ADLs, and physical/mobility
limitations, and incidence of any and severe limitations among middle to older age Filipino women
across survey years.

IADLs

Year Handle
Accounts Shop Prepare

Food

Use
Public
Transit

Child Care Any IADL
Limitation

Any Severe
IADL

Limitation

Any
Incident

IADL

Any Incident
Severe IADL

1998 0.7% 6.3% 1.6% 1.1% 0.5% 6.8% 2.6%
2002 0.6% 4.9% 1.5% 1.3% 1.2% 5.4% 2.8% 3.2% 1.8%
2005 1.4% 5.2% 1.9% 1.9% 1.0% 6.1% 3.1% 4.7% 2.4%
2012 1.9% 4.4% 1.8% 3.0% 11.8% 5.8% 3.4% 4.3% 2.8%
2015 2.0% 6.5% 2.7% 5.3% 6.0% 8.6% 5.3% 5.8% 3.8%

ADLs

Year
Stand
After

Sitting

Lie
Down Shower Eat Dress Use the

Toilet
Any ADL
Limitation

Any Severe
ADL

Limitation

Any
Incident

ADL

Any Incident
Severe ADL

1998 5.1% 2.1% 0.3% 0.2% 0.2% 0.4% 5.6% 0.3%
2002 5.3% 2.2% 0.5% 0.2% 0.4% 0.3% 5.8% 0.4% 4.1% 0.3%
2005 4.7% 2.1% 0.7% 0.4% 0.6% 0.5% 5.4% 0.6% 3.8% 0.5%
2012 3.4% 1.5% 0.9% 0.3% 0.7% 0.8% 3.9% 0.9% 3.0% 0.9%
2015 6.0% 2.7% 1.6% 0.5% 1.5% 1.6% 7.2% 1.3% 5.7% 1.0%

Physical/Mobility Limitations

Year Walk
100 m

Walk 1
km

Carry
5 kg

Weight
Chores Climb

Stairs Stand 2 h
Any

Physical
Limitation

Any Severe
Physical

Limitation

Any
Incident
Physical

Limitation

Any Incident
Severe

Physical
Limitation

1994 2.9% 5.7% 5.4% 2.7% 13.4% 12.5% 23.6% 4.0%
1998 2.4% 8.0% 7.3% 6.0% 17.5% 10.2% 24.1% 3.2% 14.6% 2.5%
2002 4.2% 8.2% 5.0% 3.5% 13.3% 10.5% 19.6% 4.0% 10.5% 3.1%
2005 5.6% 8.3% 5.5% 4.6% 10.6% 11.0% 19.1% 6.3% 10.6% 5.2%
2012 6.7% 9.0% 6.3% 4.8% 15.2% 13.7% 22.1% 6.4% 13.9% 5.0%
2015 8.5% 13.0% 7.8% 7.1% 19.8% 20.1% 33.2% 14.8% 19.8% 11.8%

3.2. Morbidity

Self-reported morbidity increased over time (Figure 2), nearly in parallel across all age groups.
By 2015, only 29% of women reported having none of the five illnesses comprising the morbidity
index, nearly half of all women reported having arthritis or high blood pressure, and 13% reported
having diabetes.Geriatrics 2018, 3, x 7 of 14 
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Figure 2. Self-reported morbidity prevalence of Filipino women across all survey years.



Geriatrics 2018, 3, 63 8 of 14

3.3. Multivariable Models of Incident Functional Limitations

Odds ratios presented in Table 4 represent the likelihood of any or of any severe incident functional
limitation as a function of covariates. Owing to the very low incidence of severe ADL limitations,
reliable estimates are not obtainable, so that model is not presented.

Table 4. Association of lagged high waist circumference (WC > 80 cm) with incident functional
limitations in Filipino women.

Main Exposures and Covariates

Physical/Mobility IADL ADL

Any OR 95%
CI

Severe OR
95% CI

Any OR 95%
CI

Severe OR
95% CI

Any OR 95%
CI

Lagged high WC 1.26 0.79 1.07 0.88 1.43
1.00, 1.60 0.52, 1.20 0.66, 1.74 0.45, 1.70 0.85, 2.40

Base (1994) age <35 years REF REF REF REF REF

Age 35–40 years 1.14 1.10 1.40 1.45 1.36
0.91, 1.42 0.76, 1.59 0.89, 2.19 0.81, 2.58 0.82, 2.26

Age 40–45 years 1.49 *** 1.25 1.39 0.92 1.55
1.18, 1.88 0.83, 1.88 0.84, 2.30 0.44, 1.93 0.89, 2.70

Age 45–50 years 2.18 *** 2.56 *** 3.11 *** 3.72 *** 4.34 ***
1.73, 2.76 1.77, 3.71 1.99, 4.86 2.14, 6.48 2.69, 7.00

Lagged high WC × age 35–40 1.08 1.79 * 0.77 0.96 0.76
0.79, 1.49 1.04, 3.08 0.40, 1.48 0.40, 2.28 0.38, 1.54

Lagged high WC × age 40–45 1.07 2.71 *** 1.96 * 4.06 ** 1.83
0.76, 1.50 1.54, 4.79 1.00, 3.83 1.57, 10.46 0.90, 3.72

Lagged high WC × age >45 0.82 1.90 * 1.19 1.05 0.83
0.57, 1.18 1.09, 3.30 0.63, 2.26 0.45, 2.44 0.43, 1.63

>High school education 1.11 1.00 0.80 0.76 0.94
0.92, 1.33 0.75, 1.34 0.55, 1.16 0.46, 1.24 0.66, 1.35

Did not complete primary school 0.99 0.99 1.16 1.27 0.87
0.85, 1.14 0.79, 1.23 0.90, 1.51 0.91, 1.77 0.66, 1.16

Assets score
1.01 1.00 1.01 1.00 0.99

1.00, 1.03 0.98, 1.02 0.98, 1.03 0.97, 1.03 0.97, 1.02

Urbanicity 1.01 *** 1.02 *** 1.03 *** 1.03 *** 1.03 ***
1.01, 1.02 1.01, 1.03 1.02, 1.04 1.01, 1.04 1.01, 1.04

1998 REF REF

2002
0.63 *** 1.19 REF REF REF

0.52, 0.76 0.82, 1.75

2005
0.63 *** 2.04 *** 1.47 * 1.34 0.92

0.52, 0.77 1.44, 2.90 1.06, 2.02 0.87, 2.06 0.67, 1.27

2012
0.80 * 1.78 ** 1.23 1.44 0.65 *

0.66, 0.97 1.24, 2.56 0.88, 1.72 0.94, 2.21 0.45, 0.92

2015
1.23 * 4.63 *** 1.68 ** 1.95 ** 1.27

1.02, 1.48 3.32, 6.46 1.21, 2.34 1.28, 2.98 0.93, 1.74

N 9379 9379 7396 7396 7396

* p < 0.05, ** p < 01, *** p < 001.

The association of lagged high WC with incident severe physical/mobility, any and severe IADLs
and any ADLs was modified by age group, as indicated by significant interaction terms. In Table 4,
the main effect of lagged high WC (first row of results) represents the odds of experiencing the outcome
among women with high WC in the youngest age group. The rows for each interaction term represent
the additional effect of lagged high WC in each of the older age groups. For example, using estimates
from Table 2, the predicted incidence of a severe physical/mobility limitation in 2015 when this age
group was 60–65 years old was two times greater among those with high WC versus those with
WC < 80 cm (18.3% vs. 9.4%). Similarly, the predicted incidence of having a severe IADL in that age
group was more than three times higher for those with high WC versus those with WC < 80 cm (6.8%
vs. 2.0%). Urbanicity was consistently positively associated with all incident functional limitations,
but household assets and education were not related to any incident functional limitations.
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3.4. Mediation Models

Path models represent the potential mediating role of morbidity (Figure 3). Numbers on the paths
represent beta coefficients from the mediation models. Lagged waist circumference was strongly related
to lagged morbidity. Women with high WC, had a mean morbidity score 0.69 units (about 0.8 SD) higher
than women with WC < 80 cm. Exponentiating the beta coefficients shown on the paths to incident
disability, the observed direct effects represent a 50% increase in the odds of incident IADL and ADL
limitations for each one unit increase in the morbidity score (OR = 1.50, 95% CI = 1.32, 1.71 for IADL,
and OR = 1.49, 95% CI = 1.31–1.70 for ADL disability). Lagged morbidity was not significantly related to
incident physical/mobility disability in the mediation model. The significant direct effect of lagged high
WC on physical/mobility limitations translates to an odds ratio of 1.24, 95% CI = 1.10, 1.40.
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3.5. Grip Strength

Grip strength was higher in younger than older women but declined in all age groups over time
(Table 5). The random effects longitudinal regression model showed that grip strength was higher
in overweight (2.18 kg (95% CI = 1.27, 3.08)) and obese (4.31 kg (95% CI = 2.91, 5,73)). There were
no significant interactions of weight status with age. Other attributes associated with higher grip
strength included taller stature, and currently working for pay. Low education and living in a less
urban environment were associated with lower grip strength (Table 6).
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Table 5. Maximum of three measures of grip strength of dominant hand (kg), stratified by age group
and overweight/obesity status (BMI > 25 kg/m2) among middle to older age Filipino women.

Age Group
2005 2012 2015

Mean SD Mean SD Mean SD

<45
NW 51.7 16.7 46.9 12.4 42.5 10.5

OWOB 55.6 17.1 50.5 a 12.0 46.1 a 11.4

45–50
NW 50.7 17.3 43.7 12.7 40.9 10.4

OWOB 50.9 18.3 48.6 a 12.5 44.6 a 10.3

50–55
NW 48.0 17.7 42.9 13.2 38.5 10.5

OWOB 52.9 17.9 47.6 a 11.8 40.5 10.7

>55
NW 44.6 16.9 40.2 12.7 36.2 9.9

OWOB 47.2 18.7 43.2 11.7 38.5 10.7
a OWOB>NW within year and age group, ANOVA with Bonferroni correction, all p-values < 0.012.

Table 6. Association of overweight and obesity with maximum of three measures of grip strength in the
dominant hand among middle to older age Filipino women. Results from random effects longitudinal
linear regression models.

Main Exposures and Covariates Coefficient 95% CI p-Value

Normal weight REF
Overweight 2.46 1.53 3.39 0.00

Obese 4.99 3.54 6.44 0.00
2005 age <45 years REF

45–50 years −2.33 −3.56 −1.11 0.000
50–55 years −3.87 −5.27 −2.48 0.000
>55 years −7.05 −8.63 −5.48 0.000

Assets score 0.04 −0.05 0.12 0.402
>high school education −0.09 −1.71 1.53 0.918

<primary education −1.40 −2.56 −0.25 0.017
Urbanicity index −0.09 −0.13 −0.05 0.000

Currently working for pay 1.04 0.18 1.90 0.017

2005 REF
2012 −4.21 −4.98 −3.44 0.000
2015 −8.62 −9.43 −7.82 0.000

3.6. Timed Up-and-Go

Random effects longitudinal regression models of timed up-and-go in 2012 and 2015 showed
longer times in women who were older or overweight or obese (Table 7). Interactions of BMI categories
(overweight, obese) with age groups showed that timed up-and-go in women over 60 years of age
and with obesity was 4 s (>1 SD) longer than that of normal weight women under 50 years of age.
The model also reveals longer times in urban women, those with less education and those not working
for pay.
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Table 7. Associations of overweight and obesity with timed up-and-go among middle to older age
Filipino women. Results from random effects longitudinal linear regression models.

Main Exposures and Covariates Coefficient 95% CI p-Value

Normal weight
Overweight (OW) 0.16 0.47 −0.28 0.47

Obese 0.52 0.11 −0.11 0.11

2012 age <50 years
5055 years 0.17 0.48 −0.29 0.48

55–60 years 0.51 0.04 0.03 0.04
60+ years 1.78 0.00 1.30 0.00

Interaction: age category with weight status

OW × 50–55 years −0.08 0.77 −0.65 0.77
OW × 50–55 years 0.28 0.35 −0.31 0.35
OW × 60+ years −0.23 0.46 −0.86 0.46

Obese × 50–55 years −0.02 0.97 −0.85 0.97
Obese × 50–55 years −0.09 0.84 −0.98 0.84
Obese × 60+ years 1.68 0.00 0.61 0.00

Assets score 0.00 0.85 −0.02 0.85
Education (years) −0.14 0.00 −0.18 0.00
Urbanicity index 0.01 0.05 0.00 0.05

Currently working for pay −0.27 0.00 −0.43 0.00

Year

2012 REF
2015 −0.17 0.00 −0.26 0.00

4. Discussion

Owing to their relatively young age in 1994, CLHNS participants had a low initial incidence and
prevalence of disabilities, but following them for more than 20 years, we were able to observe incident
functional limitations associated with age, time, urbanicity, and central obesity. Incident functional
limitations increased most sharply after age 60. Physical/mobility limitations were the most prevalent,
and among the ADL and IADL tasks, those that required some physical effort (standing, child care,
using public transportation) were more prevalent than those requiring less physical effort.

Our repeated measures design and focus on recurrent and incident functional limitations are a
key strength of our study. Since having a mobility limitation may decrease physical activity, which
in turn contributes to overweight and obesity, our use of lagged measures avoids the potential bias
associated with the use of concurrently measured exposures and outcomes.

We found that lagged WC was associated with increased likelihood of any incident
physical/mobility limitations across all age groups. Thus, central obesity is an important risk factor
for development of mild disability regardless of age. We defined incident disability as reporting a
disability at the current survey, but not in the prior one. This allows us to examine recurrent cases as
women gain weight and waist circumference over time.

Our mediation analysis showed a significant direct effect of central obesity on incident
physical/mobility limitations, even after accounting for the morbidity pathway. This suggests a direct
physical effect of excess body weight on ability to perform these types of tasks, even in younger women.

In contrast, lagged high WC was most strongly related to ADL and IADL limitations older women
(those >60 at our last survey year). The mediation analysis showed that the influence of central obesity
on these limitations is mostly indirect, operating through chronic disease morbidity. However, given
the complexity of the ADL and IADL tasks, there may be other pathways related to upper limb function
and dexterity not captured in our mediation models.

Central obesity is a well-known risk factor for cardiometabolic diseases [26,27] and our analysis
both confirms this and shows the role of such diseases in incident ADL and IADL limitations.
In addition, a study in China found waist circumference to be a better predictor than BMI among
elderly in Beijing [28]. Our observation that, without accounting for morbidity, central obesity relates
to increased likelihood of ADL, IADL, or physical/mobility limitations is consistent with other studies
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that have explored obesity [29]. In a cross sectional analysis of data from Guatemalan adults >50
years of age, Yount et al. [24] found that overweight was not significantly associated with gross motor
disability in women combined after adjustment for physician diagnosed illnesses.

We used two objective measures of physical function: timed up-and-go and grip strength. Women
with overweight and obesity, particularly those who were older, had longer timed up-and-go. A study
among Indian men and women in a similar age group found that timed up-and-go was not significantly
associated with weight (r = 0.009) or BMI (r = 0.058) based on simple correlations [30]. Among Cebu
women, the simple correlations (r = 0.019 for weight and r = 0.044 for BMI) were similar to those in the
India study [30], but our analysis focused on more extreme values of BMI represented as overweight
and obesity.

Among CLHNS participants, grip strength was strongly related to BMI, and women with
overweight and obesity having higher grip strength. Based on estimates from bioelectric impedance
analysis, the correlation of BMI with muscle mass in out CLHNS participants is 0.71. This may explain
the observed positive association. In contrast, a study in South Africa [31] found no association of grip
strength with weight status and an Australian study found an inverse association of grip strength with
BMI with grip strength in participants between 30 and 70 years of age [32].

Most CLHNS participants are of low SES, and about 75–80% live in highly urban environments.
Survey years covered a period of rapid economic change associated with the nutrition transition [33]
exemplified by rapid increases in overweight and obesity over the two decades covered in the current
analysis. We found that living in a more urban environment was associated with increased incidence
of all types of functional limitations. A higher level of urbanization in Cebu is associated with less
occupational physical activity, and higher fat, lower quality diets, and these factors contribute to
increased BMI and prevalence of overweight and obesity [18]. Women living more traditional lives in
rural areas appear to be more protected against these risks.

By 2015, about 60% of CLHNS participants across all ages had a WC > 80 cm, putting them at risk
for functional limitations as well as cardiometabolic diseases. Increases in overweight and obesity and
high WC were greatest among younger women, while rates leveled off over time in the oldest group.
This suggests that the current generation of women who were still 45–60 years of age in 2015 could
be facing rapidly increasing morbidity and functional limitations as they age. The lack of association
of education, household income, and assets with incident disability suggests that obesity prevention
efforts are needed across all SES groups.

Our study has several limitations. First, we used self-reported morbidity data. As this was not a
clinical study, we do not have verified diagnoses of arthritis, heart disease, and cancer. Our measured
blood pressure and HbA1c data suggest under-reporting of these conditions, likely because they
are undiagnosed because of lack of regular screening. Thus, our morbidity score may not have
fully captured true disease, and we may have underestimated the effects of morbidity on functional
limitations in our mediation analysis. Second, the incidence of severe ADL limitations was quite
low, particularly among groups representing high WC and age. Thus, we were not able to estimate
that model. Third, as with any long-running cohort study, the CLHNS sample suffered considerable
attrition over time. We noted that the retained sample generally had lower SES but lower morbidity
and fewer functional limitations than women lost to follow-up. However, our use of inverse probability
weighting suggested no attrition bias, meaning that the relationship of overweight, obesity, and high
WC to functional limitations was not different in the retained sample and those lost to follow-up.

5. Conclusions

In conclusion, in our middle to older aged population in Cebu, we found that central obesity
directly affects subsequent physical/mobility, and indirectly affects ADL and IADL limitations through
chronic disease morbidity. The trend in increasing central obesity and chronic disease in this population
portents a high future burden of disability and emphasize the need for early life prevention of
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overweight and obesity as a means of minimizing later morbidity and risk of impaired physical
functioning or physical/mobility limitations which contribute to poor quality of life.

Author Contributions: Conceptualization, L.S.A. and J.B.B.; Methodology, L.S.A., P.D., and J.B.B.; Formal
Analysis, L.S.A.; Resources, L.S.A. and J.B.B.; Writing—Original Draft Preparation, L.S.A.; Writing—Review
& Editing, L.S.A., P.D., and J.B.B.; Funding Acquisition, L.S.A.

Funding: This works was supported by The US National Institutes of Health (NIH) grant #R01 AG39143; NIH
grant #R01-HL085144; a pilot grant from the Demography and Economics of Aging in the Lifecourse (DEAR)
project, NIH P30-AG024376; and The Carolina Populations Center NIH P2C HD050924.

Acknowledgments: Thanks to the staff of the Office of Population Studies Foundation, Inc. and to the participants
of the Cebu Longitudinal Health and Nutrition Survey for their continued participation across all of our
survey years.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Mendez, M.A.; Monteiro, C.A.; Popkin, B.M. Overweight exceeds underweight among women in most
developing countries. Am. J. Clin. Nutr. 2005, 81, 714–721. [CrossRef] [PubMed]

2. Rejeski, W.J.; Marsh, A.P.; Chmelo, E.; Rejeski, J.J. Obesity, intentional weight loss and physical disability in
older adults. Obes. Rev. 2010, 11, 671–685. [CrossRef] [PubMed]

3. Anton, S.D.; Karabetian, C.; Naugle, K.; Buford, T.W. Obesity and diabetes as accelerators of functional
decline: Can lifestyle interventions maintain functional status in high risk older adults? Exp. Gerontol. 2013,
48, 888–897. [CrossRef] [PubMed]

4. Walter, S.; Kunst, A.; Mackenbach, J.; Hofman, A.; Tiemeier, H. Mortality and disability: The effect of
overweight and obesity. Int. J. Obes. 2009, 33, 1410–1418. [CrossRef] [PubMed]

5. Houston, D.K.; Stevens, J.; Cai, J. Abdominal fat distribution and functional limitations and disability in a
biracial cohort: The Atherosclerosis Risk in Communities Study. Int. J. Obes. 2005, 29, 1457–1463. [CrossRef]
[PubMed]

6. Houston, D.K.; Ding, J.; Nicklas, B.J.; Harris, T.B.; Lee, J.S.; Nevitt, M.C.; Rubin, S.M.; Tylavsky, F.;
Kritchevsky, S.B. Overweight and obesity over the adult life course and incident mobility limitation in
older adults: The health, aging and body composition study. Am. J. Epidemiol. 2009, 169, 927–936. [CrossRef]
[PubMed]

7. Vincent, H.K.; Vincent, K.R.; Lamb, K.M. Obesity and mobility disability in the older adult. Obes. Rev. 2012,
11, 568–579. [CrossRef] [PubMed]

8. Anandacoomarasamy, A.; Caterson, I.; Sambrook, P.; Fransen, M.; March, L. The impact of obesity on the
musculoskeletal system. Int. J. Obes. 2008, 32, 211–222. [CrossRef] [PubMed]

9. Visser, M. Obesity, sarcopenia and their functional consequences in old age. Proc. Nutr. Soc. 2011, 70, 114–118.
[CrossRef] [PubMed]

10. Kalyani, R.R.; Corriere, M.; Ferrucci, L. Age-related and disease-related muscle loss: The effect of diabetes,
obesity, and other diseases. Lancet Diabetes Endocrinol. 2014, 2, 819–829. [CrossRef]

11. Ferrucci, L.; Baroni, M.; Ranchelli, A.; Lauretani, F.; Maggio, M.; Macocci, P.; Ruggiero, C. Interaction
between bone and muscle in older persons with mobility limitations. Curr. Pharm. Des. 2014, 20, 3178–3197.
[CrossRef] [PubMed]

12. Rejeski, W.J.; Bray, G.A.; Chen, S.H.; Clark, J.M.; Evans, M.; Hill, J.O.; Jakicic, J.M.; Johnson, K.C.; Neiberg, R.;
Ip, E.H. Aging and physical function in type 2 diabetes: 8 years of an intensive lifestyle intervention.
J. Gerontol. A Biol. Sci. Med. Sci. 2015, 70, 345–353. [CrossRef] [PubMed]

13. Rejeski, W.J.; Ip, E.H.; Bertoni, A.G.; Bray, G.A.; Evans, G.; Gregg, E.W.; Zhang, Q. Lifestyle change and
mobility in obese adults with type 2 diabetes. N. Engl. J. Med. 2012, 366, 1209–1217. [CrossRef] [PubMed]

14. Bianchi, L.; Zuliani, G.; Volpato, S. Physical disability in the elderly with diabetes: Epidemiology and
mechanisms. Curr. Diab. Rep. 2013, 13, 824–830. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/ajcn/81.3.714
http://www.ncbi.nlm.nih.gov/pubmed/15755843
http://dx.doi.org/10.1111/j.1467-789X.2009.00679.x
http://www.ncbi.nlm.nih.gov/pubmed/19922431
http://dx.doi.org/10.1016/j.exger.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/23832077
http://dx.doi.org/10.1038/ijo.2009.176
http://www.ncbi.nlm.nih.gov/pubmed/19786964
http://dx.doi.org/10.1038/sj.ijo.0803043
http://www.ncbi.nlm.nih.gov/pubmed/16077713
http://dx.doi.org/10.1093/aje/kwp007
http://www.ncbi.nlm.nih.gov/pubmed/19270048
http://dx.doi.org/10.1111/j.1467-789X.2009.00703.x
http://www.ncbi.nlm.nih.gov/pubmed/20059707
http://dx.doi.org/10.1038/sj.ijo.0803715
http://www.ncbi.nlm.nih.gov/pubmed/17848940
http://dx.doi.org/10.1017/S0029665110003939
http://www.ncbi.nlm.nih.gov/pubmed/21092365
http://dx.doi.org/10.1016/S2213-8587(14)70034-8
http://dx.doi.org/10.2174/13816128113196660690
http://www.ncbi.nlm.nih.gov/pubmed/24050165
http://dx.doi.org/10.1093/gerona/glu083
http://www.ncbi.nlm.nih.gov/pubmed/24986062
http://dx.doi.org/10.1056/NEJMoa1110294
http://www.ncbi.nlm.nih.gov/pubmed/22455415
http://dx.doi.org/10.1007/s11892-013-0424-6
http://www.ncbi.nlm.nih.gov/pubmed/24026868


Geriatrics 2018, 3, 63 14 of 14

15. Kalyani, R.R.; Saudek, C.D.; Brancati, F.L.; Selvin, E. Association of diabetes, comorbidities, and A1C with
functional disability in older adults: Results from the National Health and Nutrition Examination Survey
(NHANES), 1999–2006. Diabetes Care 2010, 33, 1055–1060. [CrossRef] [PubMed]

16. Adair, L.S.; Popkin, B.M.; Akin, J.S.; Guilkey, D.K.; Gultiano, S.; Borja, J.; Perez, L.; Kuzawa, C.W.; McDade, T.;
Hindin, M.J. Cohort profile: The Cebu longitudinal health and nutrition survey. Int. J. Epidemiol. 2011, 40,
619–625. [CrossRef] [PubMed]

17. Institute of Health Metrics, Global Burden of Disease: Philippines. 2016. Available online: www.healthdata.
org/philippines (accessed on 8 Jaunary 2018).

18. Adair, L.S.; Gultiano, S.; Suchindran, C. 20-Year Trends in Filipino Women’s Weight Reflect Substantial
Secular and Age Effects. J. Nutr. 2011, 141, 667–673. [CrossRef] [PubMed]

19. Adair, L.S.; Borja, J.B.; Perez, L. The life history of a cohort study: Attrition in the Cebu Longitudinal Health
and Nutrition Survey. Philipp. Popul. J. 2018, in press.

20. Podsiadlo, D.; Richardson, S. The timed “Up & Go”: A test of basic functional mobility for frail elderly
persons. J. Am. Geriatr. Soc. 1991, 39, 142–148. [PubMed]

21. Keeler, E.; Guralnik, J.M.; Tian, H.; Wallace, R.B.; Reuben, D.B. The impact of functional status on life
expectancy in older persons. J. Gerontol. A Biol. Sci. Med. Sci. 2010, 65, 727–733. [CrossRef] [PubMed]

22. WHO Expert Consultation, Appropriate body-mass index for Asian populations and its implications for
policy and intervention strategies. Lancet 2004, 363, 157–163. [CrossRef]

23. Dahly, D.L.; Adair, L.S. Quantifying the urban environment: A scale measure of urbanicity outperforms the
urban-rural dichotomy. Soc. Sci. Med. 2007, 64, 1407–1419. [CrossRef] [PubMed]

24. StataCorp. Stata Statistical Software, Release 14; StataCorp LP: College Station, TX, USA, 2014.
25. Shelton, B.J.; Gilbert, G.H.; Lu, Z.; Bradshaw, P.; Chavers, L.S.; Howard, G. Comparing longitudinal binary

outcomes in an observational oral health study. Stat. Med. 2003, 22, 2057–2070. [CrossRef] [PubMed]
26. Wang, Y.; Rimm, E.B.; Stampfer, M.J.; Willett, W.C.; Hu, F.B. Comparison of abdominal adiposity and overall

obesity in predicting risk of type 2 diabetes among men. Am. J. Clin. Nutr. 2005, 81, 555–563. [CrossRef]
[PubMed]

27. Despres, J.P.; Lemieux, I. Abdominal obesity and metabolic syndrome. Nature 2006, 444, 881–887. [CrossRef]
[PubMed]

28. Liao, Q.; Zheng, Z.; Xiu, S.; Chan, P. Waist circumference is a better predictor of risk for frailty than BMI in
the community-dwelling elderly in Beijing. Aging Clin. Exp. Res. 2018. [CrossRef] [PubMed]

29. Jensen, G.L.; Hsiao, P.Y. Obesity in older adults: Relationship to functional limitation. Curr. Opin. Clin. Nutr.
Metab. Care 2009, 13, 46–51. [CrossRef] [PubMed]

30. Khant, N.; Dani, V.B.; Patel, P.; Rathod, R. Establishing the reference value for “timed up-and-go” test in
healthy adults of Gujarat, India. J. Educ. Health Promot. 2018, 7, 62. [PubMed]

31. Ramlagan, S.; Peltzer, K.; Phaswana-Mafuya, N. Hand grip strength and associated factors in
non-institutionalised men and women 50 years and older in South Africa. BMC Res. Notes 2014, 7, 8.
[CrossRef] [PubMed]

32. Massy-Westropp, N.M.; Gill, T.K.; Taylor, A.W.; Bohannon, R.W.; Hill, C.L. Hand Grip Strength: Age and
gender stratified normative data in a population-based study. BMC Res. Notes 2011, 4, 127. [CrossRef]
[PubMed]

33. Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing
countries. Nutr. Rev. 2012, 70, 3–21. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2337/dc09-1597
http://www.ncbi.nlm.nih.gov/pubmed/20185736
http://dx.doi.org/10.1093/ije/dyq085
http://www.ncbi.nlm.nih.gov/pubmed/20507864
www.healthdata.org/philippines
www.healthdata.org/philippines
http://dx.doi.org/10.3945/jn.110.134387
http://www.ncbi.nlm.nih.gov/pubmed/21325475
http://www.ncbi.nlm.nih.gov/pubmed/1991946
http://dx.doi.org/10.1093/gerona/glq029
http://www.ncbi.nlm.nih.gov/pubmed/20363833
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1016/j.socscimed.2006.11.019
http://www.ncbi.nlm.nih.gov/pubmed/17196724
http://dx.doi.org/10.1002/sim.1469
http://www.ncbi.nlm.nih.gov/pubmed/12802822
http://dx.doi.org/10.1093/ajcn/81.3.555
http://www.ncbi.nlm.nih.gov/pubmed/15755822
http://dx.doi.org/10.1038/nature05488
http://www.ncbi.nlm.nih.gov/pubmed/17167477
http://dx.doi.org/10.1007/s40520-018-0933-x
http://www.ncbi.nlm.nih.gov/pubmed/29589287
http://dx.doi.org/10.1097/MCO.0b013e32833309cf
http://www.ncbi.nlm.nih.gov/pubmed/19841579
http://www.ncbi.nlm.nih.gov/pubmed/29922691
http://dx.doi.org/10.1186/1756-0500-7-8
http://www.ncbi.nlm.nih.gov/pubmed/24393403
http://dx.doi.org/10.1186/1756-0500-4-127
http://www.ncbi.nlm.nih.gov/pubmed/21492469
http://dx.doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/22221213
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sample 
	Measures and Variables 
	Analysis Methods 

	Results 
	Occurrence of Functional Limitations 
	Morbidity 
	Multivariable Models of Incident Functional Limitations 
	Mediation Models 
	Grip Strength 
	Timed Up-and-Go 

	Discussion 
	Conclusions 
	References

