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Background. To examine the association between obesity history and hand grip strength, and whether the association
is partly explained by subclinical inflammation and insulin resistance.

Methods. Data are from 2,021 men and women aged 55 years and older participating in the representative population-
based Health 2000 Survey in Finland. Body mass and body height, maximal hand grip strength, C-reactive protein, and
insulin resistance based on homeostasis model assessment (HOMA-IR) were measured in a health examination. Recalled
weight at 20, 30, 40, and 50 years of age were recorded to obtain a hierarchical classification of obesity history. Obesity
was defined as body mass index > 30 kg/m?.

Results. Earlier onset of obesity was associated with lower hand grip strength (p < .001) after controlling for age,
sex, education, smoking, alcohol use, physical activity, several chronic diseases, and current body weight. Based on
adjusted logistic regression models, the odds (95% confidence interval) for very low relative hand grip strength were 2.76
(1.78-4.28) for currently obese, 5.57 (3.02—10.28) for obese since age of 50 years, 6.53 (2.98—14.30) for obese since age
of 40 years, and 10.36 (3.55-30.24) for obese since age of 30 years compared with never obese participants. The asso-
ciations remained highly significant even after adjusting for current C-reactive protein and HOMA-IR, but these variables
had only minor role in explaining the association between obesity history and hand grip strength.

Conclusions. Long-term exposure to obesity is associated with poor hand grip strength later in life. Maintaining
healthy body weight throughout the life span may help to maintain adequate muscle strength in old age. Prospective stud-
ies with information on prior muscle strength are needed to examine in detail the causal association between obesity

history and muscle strength.
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N age-related reduction of muscle mass and strength is

a major public health concern in older persons because
of its important role in the causal pathway leading to func-
tional limitations, increased risk of falls, disability, and
mortality (1,2). Beyond the traditional risk factors for
impaired muscle strength, such as low physical activity,
nutritional deficiencies, and chronic diseases, the interrela-
tionship between fat and muscle tissue has attracted in-
creased interest. It has been suggested that excessive
amount of fat tissue may contribute to accelerated loss of
muscle mass and strength with aging (3), but no previous
studies have examined longitudinally the association
between obesity and low muscle strength.

It is now evident that adipose tissue is not just passive
energy storage, but rather, an active metabolic tissue that
secretes hormones and proteins. For example, in adipose
tissue, either adipocytes directly or infiltrating macrophages
produce proinflammatory cytokines and adipokines, which
upregulate the inflammatory response (4,5). Increased in-
flammation in turn may lead to catabolism and contribute to
muscle mass and strength decline (6,7). Additionally,
excess adiposity is associated with insulin resistance and
depressed anabolic action of insulin (8). Studies have shown
that insulin resistance is an independent correlate of poor
muscle strength (9,10) and diabetes predicts accelerated
loss of leg muscle strength and quality (11).
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We hypothesize that longer exposure to obesity might ag-
gravate the unwanted consequences of obesity, such as in-
creased inflammation and insulin resistance, and lead to
lower muscle strength. Thus, the objective of this study was
to examine whether early onset of obesity (body mass index
[BMI] > 30 kg/m?) is associated with lower hand grip
strength using data from the Health 2000 Survey, a repre-
sentative population-based study from Finland. Addition-
ally, the mediating roles of inflammation and insulin
resistance on the association between obesity history and
hand grip strength were examined.

METHODS

Study Design and Participants

The study is based on the Health 2000 Survey, a compre-
hensive nationwide health interview and examination sur-
vey carried out in Finland 2000-2001 (12). The two-stage
stratified cluster sample comprised 8,028 adults 30 years or
older, living in mainland Finland either in the community or
in the institutions. Participants 80 years or older were overs-
ampled (2:1) in relation to their proportion in the popula-
tion. The sample for the present study was limited to
participants 55 years or older (N = 3,392), 2,055 women
and 1,337 men.

The data were collected in two phases. First, a structured
health interview was completed at the participant’s home by
a trained interviewer for 3,186 participants (94% of the
sample). A health examination was carried out for 2,572
participants (76% of the sample) by trained professionals in
a nearby study center. In addition, 306 participants (9% of
the sample) not able or willing to participate in the study
center examinations took part in an abbreviated health
examination at their place of living. Only those participants
were included in the study who had information on obesity
history and hand grip strength and their blood samples were
analyzed (N =2,155). All participants signed informed writ-
ten consent forms approved by the Ethics Committee for
Epidemiology and Public Health in the Hospital District of
Helsinki and Uusimaa in Finland.

Obesity History

Current weight was measured to the nearest 100 g and
standing height to the nearest 0.5 cm, with participants
wearing light clothing and no shoes. In the questionnaire,
participants were asked to recall their weight at the ages of
20, 30, 40, and 50 years. Current BMI was calculated as
weight (kilograms) divided by the square of height (me-
ters). BMI at ages 20, 30, 40, and 50 years was calculated
using recalled weight and current measured height.

Based on BMI at the given ages, participants were classi-
fied into nonobese (18.5-29.9 kg/m?) and obese (>30.0 kg/
m?) according to the criteria of the World Health Organiza-
tion (13). Participants were then categorized into six groups

to obtain a hierarchical classification of obesity history: (a)
never obese; (b) previously obese, but currently nonobese;
(c) currently obese, but nonobese at the ages of 20-50 years;
(d) obese since the age of 50 years; (e) obese since the age
of 40 years; and (f) obese since the age of 30 years. Those
who had been obese since the age of 20 years (n = 5) were
merged with the last category. Those 14 persons with a his-
tory of weight cycling (ie, obese at the age of 30 or 40 years,
nonobese at the age of 50 years, and currently obese) were
excluded from the analyses. In addition, participants were
asked whether they had gained or lost weight during the last
12 months and whether the weight change was intentional
or unintentional. To exclude participants potentially suffer-
ing from undernourishment or catabolic state, those who
were underweight (BMI < 18.5 kg/m?) or had unintention-
ally lost 5% or more during the past year (n = 133) and one
person with unreliable weight history data were not in-
cluded in the analyses. Thus, the final sample for this study
consisted of 2,021 participants (60% of the total sample).

Hand Grip Strength

Hand grip strength was used as a proxy for overall
strength (14,15). Hand grip strength was measured in
Newtons (N) using a handheld dynamometer based on strain
gauge sensors (Good Strength, IGS01, Metitur Oy, Jyvaskyld,
Finland). The measurement was taken with the dominant
hand with the participant seated, elbow flexed at a 110° an-
gle, wrist in a neutral position, and the interphalangeal joint
of the index finger at a 90° angle. The participant was
instructed to squeeze the handle with maximal effort for
3-5 seconds and standard encouragement for maximal per-
formance was given. The measurement was repeated after a
30-second pause for recovery. If the two results differed
more than 10%, a third attempt was made. The best result
was used in the analyses. The reliability of the hand grip
strength test, measured using the intraclass correlation coeffi-
cient, was excellent (intraclass correlation coefficient = 0.95,
n =265) (16).

Inflammation and Insulin Resistance

Fasting blood samples were drawn during the clinical ex-
amination. The samples were centrifuged at the examina-
tion site, stored in deep freezers at —20°C, and transferred
within 1 week to the National Public Health Institute to be
stored in deep freezers at —70°C until used for laboratory
analysis. In this study, inflammation was measured with
C-reactive protein (CRP). CRP was determined using an
ultrasensitive immunoturbidometric test (Orion Diagnos-
tica, Espoo, Finland) with Optima analyzer (Thermo Elec-
tron Corporation, Vantaa, Finland). The lowest detection
level was 0.20 mg/L. All values below the detection level
were coded as 0.10 mg/L. The interassay coefficient of var-
iation was 4.5%. Levels of fasting glucose and insulin were
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determined using the glucose dehydrogenase method (Di-
agnostica, Merck, Darmstadt, Germany) and radioimmuno-
analysis (Pharmacia, Uppsala, Sweden), respectively. The
interassay coefficient of variation was 2.0% for glucose and
5.2% for insulin. The degree of insulin resistance was cal-
culated using data on fasting glucose and insulin according
to the homeostasis model assessment (HOMA-IR). HOMA-
IR is a good index assessing insulin resistance across a wide
range of values and is well correlated with insulin-mediated
glucose uptake calculated by euglycemic glucose clamp
(17,18).

Covariates

The level of education was classified as basic education
(0-9 years), intermediate education (10-12 years), and
higher education (13 years or more). For smoking status,
participants were categorized into never-smokers (no smok-
ing more than 1 year during their lifetime), former smokers
(quit smoking at least 1 month before), and current smokers.
Alcohol use was measured with a questionnaire as average
weekly consumption (gram per week) based on the con-
sumption of different drink types during the past month and
classified as no alcohol use, moderate use, and heavy use.
The limit for heavy use was set 280 g/wk in men (eg, 5
alcohol units per day, 7 d/wk) and 140 g/wk in women (19).
Leisure time physical activity was determined based on a
Gothenburg scale (20) and participants were categorized as
inactive (eg, reading, watching television), moderate active
(eg, walking, biking, gardening, outdoor recreations at least
4 h/wk), and very active (eg, running, biking, gymnastics at
least 3 h/wk).

Waist circumference was measured on naked skin at the
end of a light expiration with the participant standing from
a half way between the iliac crest and the lowest rib. The
physician ascertained medical conditions by using struc-
tured uniform diagnostic criteria based on current clinical
practice and used medication. Chronic conditions used in
this study were type 2 diabetes, hypertension, coronary
heart disease (angina pectoris or myocardial infarction),
congestive heart disease, asthma, chronic obstructive pul-
monary disease, depression, and knee and hip osteoarthritis.

Statistics

The characteristics of study population are reported as
mean values and standard deviations for normally distributed
continuous variables: median values and interquartile ranges
for nonnormally distributed continuous variables and pro-
portions for categorical variables. Differences across obesity
history categories were examined with 7 test or nonparamet-
ric Kruskal-Wallis test statistics for continuous variables and
chi-square test for categorical variables. The interaction of
Sex x Obesity History on hand grip strength was tested with
generalized linear models. Because no significant interaction

was found (p =.10), the analyses were carried out combining
men and women into one group.

To compare hand grip strength across obesity history cat-
egories, analysis of covariance and generalized linear model
with Tukey post hoc test were used. In addition, the linear
trend across categories was examined by entering categori-
cal variables in the model as ordinal variables. Because
muscle strength is dependent on the body size, the analyses
were adjusted for current body weight in addition to age and
sex. Similar analyses were carried out to examine the asso-
ciations between obesity history and level of CRP, obesity
history and HOMA-IR, as well as the association between
CRP and hand grip strength and HOMA-IR and hand grip
strength.

To test the association between obesity history categories
and hand grip strength, a linear regression analysis was uti-
lized by using “never obese” group as a reference group.
Six models were fitted including CRP, HOMA-IR, and
covariates that were significantly associated with obesity
history. In addition, a percentage change in beta coefficients
was calculated to estimate the effects of covariates, CRP,
and HOMA-IR by using the following formula: (regression
coefficientyoge;; — regression coefficientyogerz/s/a)/regres-
sion coefficientyoger; X 100. Finally, logistic regression
analysis was used to examine the risk of having very low
muscle strength by obesity history categories. Because ab-
solute muscle strength is higher among heavier persons,
relative muscle strength was calculated as hand grip strength
divided by current body weight. Participants were divided
into sex-specific deciles and the lowest decile was chosen to
indicate very low relative muscle strength. Same six models
were fitted as in linear regression analysis. Similar analysis
was carried out for obese participants only.

Statistical analyses were completed using the SAS 9.1
Statistical Package (SAS Institute Inc., Cary, NC). The data
were weighted to reduce bias due to nonresponse and to
correct the oversampling in the age group of 80 years and
older in order to represent the Finnish population. The com-
plex sampling design was taken into account by using SAS
survey procedures.

RESULTS

The mean age of the study population was 67 years
(range 55-99), 57% were women and 43% men. The de-
scriptive characteristics of the study population by hierar-
chical classification of obesity history are presented in
Table 1.

In Figure 1, the mean level of hand grip strength is pre-
sented in different obesity history categories. The earlier the
obesity onset had been the lower the current hand grip
strength was (p for trend <.0001). Furthermore, linear re-
gression analyses showed a significant negative association
between CRP and hand grip strength (p < .0001) and
HOMA-IR and hand grip strength (p < .0001).
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Table 1. Characteristics of Study Population by Hierarchical Classification of Obesity History (n = 2,021)

Previously Obese,

but Currently Currently Obese Since Obese Since Obese Since
Never Obese Nonobese (a) Obese (b) 50 years (c) 40 years (d) 30 years (e) p*
n (% of sample) 1,288 (63.7) 116 (5.7) 410 (20.3) 124 (6.1) 58 (2.9) 25(1.2)
Women, % 51.9 47.6 63.7 56.1 63.9 454 a,b
Age (years), mean (SD) 65.87 (8.03) 68.05 (9.36) 67.08 (7.90) 62.63 (7.14) 63.85 (7.07) 64.05 (8.30) c
Current body mass 25.80 (2.54) 27.24 (1.99) 32.38 (2.32) 34.03 (3.23) 36.60 (4.63) 36.87 (6.12) a,b,c,d, e
index (kg/m?), mean (SD)
Current waist
circumference (cm),
mean (SD)
Men 96.03 (8.23) 99.97 (6.73) 110.84 (5.95) 114.42 (8.03) 121.89 (15.03) 115.15 (14.31) a,b,c,d, e
Women 86.75 (8.34) 93.06 (8.80) 102.80 (8.30) 106.92 (11.13) 112.31 (8.34) 111.59 (12.67) a,b,c,d,e
Current body height (cm),
mean (SD)
Men 173.33 (6.93) 171.89 (7.33) 172.55 (6.78) 174.15 (7.05) 175.91 (7.86) 172.68 (6.65)
‘Women 160.06 (5.84) 157.57 (6.00) 158.90 (5.86) 159.59 (6.01) 157.84 (6.58) 154.10 (6.71) a, e

CRP (mg/L), median (IQR)
HOMA-IR, median (IQR)
Education, %

0.84 (0.31-2.09)
1.68 (1.11-2.53)

1.01 (0.38-2.75)
1.99 (1.18-3.48)

Basic (0-9 years) 24.3 30.6 343
Intermediate (10-12 years) 49.7 55.2 50.5
Higher (>13 years) 259 14.2 152
Physical activity, %
Inactive 20.1 30.3 34.6
Moderate active 65.2 49.9 53.3
Very active 14.8 19.8 12.1
Smoking, %
Currently 15.4 20.1 12.1
Former 26.7 29.0 27.8
Never 58.0 50.9 60.2
Alcohol consumption, %
Heavy 5.6 6.7 4.2
Moderate 55.5 43.3 46.9
No alcohol 38.9 50.0 48.9
Type 2 diabetes, % 4.3 21.7 10.6
Depression, % 4.9 6.1 8.5
Asthma, % 7.8 7.4 9.3
Chronic obstructive 3.2 6.0 2.5
pulmonary disease, %
Congestive heart disease, % 2.5 8.0 6.1
Coronary heart disease, % 15.0 17.7 19.6
Hypertension, % 29.3 37.6 42.1
Hip osteoarthritis, % 3.4 11.2 6.9
Knee osteoarthritis, % 4.7 14.3 12.5

1.50 (0.76-3.24)
2.93 (1.96-4.76)

1.97 (0.89-4.24)
3.09 (2.06-5.97)

2.54 (1.20-5.50)
4.76 (2.80-8.53)

2.69 (0.58-8.59) b, c,d, e
4.61 (2.36-6.36) a,b,c,d, e

a,b,c,d
38.0 36.6 30.1
454 50.9 60.9
16.7 12.5 9.0
a,b,d, e
27.4 40.1 459
57.0 48.9 46.0
15.7 11.0 8.1
c
10.3 7.4 13.2
36.3 25.1 453
534 67.5 41.5
b,d
59 9.5 44
44.5 34.6 51.1
49.7 56.0 44.5
14.7 25.7 21.5 a,b,c,d, e
13.4 5.0 13.5 b, c
6.6 10.9 10.3
2.2 53 44
0.8 6.5 10.5 a,b,e
15.4 10.0 16.9 b, c
48.5 56.1 54.6 b,d, e
2.5 6.3 4.1 a, b
8.3 16.9 19.1 a,b,d, e

Notes: CRP = C-reactive protein; HOMA-IR = homeostasis model assessment indicating insulin resistance; IQR = interquartile range. Values are shown in mean
(SD) and medians (IQR) for continuous variables and percentages for categorical variables.
*Indicates significant (p < .05) difference between “never obese” and other groups in pairwise comparisons.

In Table 2, the regression coefficients for the association
between obesity history and hand grip strength are pro-
vided. After adjusting for education, lifestyle factors, and
prevalent chronic diseases (Model 2), regression coeffi-
cients decreased 18%—-23% among obese compared with
Model 1, but the between-group differences remained
statistically significant. In Model 2, age, sex, current body
weight, physical activity, smoking, alcohol consumption,
type 2 diabetes, and depression were independently associ-
ated with hand grip strength (p for all <.05). The mediating
role of inflammation in the association between obesity his-
tory and hand grip strength was examined by adjusting for

CRP (Model 3). All the differences in comparison to “never
obese” groups remained statistically significant except for
the “previously obese” and the regression coefficient
decreased 17%-32% among obese compared with Model 1.
CRP remained significant in the model (p < .0001). Simi-
larly, the mediating role of insulin resistance in the associa-
tion between obesity history and hand grip strength was
examined by adjusting for HOMA-IR (Model 4). There
were no major changes in group comparisons, the regres-
sion coefficient decreased 20%—-26% among obese com-
pared with Model 1 and HOMA-IR remained significant in
the model (p = .002).
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Figure 1. Mean hand grip strength (standard error) by hierarchical classifi-
cation of obesity history. Adjusted for age, sex, and current body weight. Letters
indicate a statistical significant difference (p < .05) between categories. a =
never obese; b = previously obese, but currently nonobese; ¢ = currently obese.

In Table 3, the odds ratios for very low relative muscle
strength, defined here as the lowest decile of relative hand
grip strength, are presented by obesity history categories. In
comparison to “never obese” group, the odds for very low
relative muscle strength increased the earlier the obesity
onset had been. After adjusting for education, lifestyle fac-
tors, and chronic diseases (Model 2), the odds (95% confi-
dence interval) were 2.76 (1.78—-4.28) for currently obese,
5.57 (3.02-10.28) for obese since age of 50 years, 6.53
(2.98-14.30) for obese since age of 40 years, and 10.36
(3.55-30.24) for obese since age of 30 years. Further
adjustments for CRP and HOMA-IR slightly decreased
odds ratios (Models 3 and 4). Separate analysis was carried
out among obese persons using “currently obese” as a refer-
ence group. Earlier onset of obesity was associated with 2.0
—3.9 times higher odds for very low relative muscle strength
compared with recently acquired obesity. Due to the small
number of participants, the confidence intervals of odds ra-
tios overlapped in comparison of participants who had been
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obese since age of 50, 40, and 30 years and no significant
group differences were observed.

DiscussION

Among persons aged 55 years and older, obesity history
was associated with current hand grip strength and this
influence went beyond the effects of current body weight,
lifestyle factors, and chronic conditions. The earlier the
obesity onset had been the lower was hand grip strength in
old age. A positive dose—response effect of obesity duration
on CRP and HOMA-IR was also observed. To our knowl-
edge, this is the first attempt to estimate the effect of obesity
duration on muscle strength. Our results contribute to un-
derstanding the variation in hand grip strength in older age.
Moreover, the results of this study confirm earlier findings
about obesity duration on physical performance (21) and
mobility disability (22,23).

There are several pathways through which an extended
exposure to obesity might influence muscle strength, inde-
pendent of the level of BMI achieved. In this study, the me-
diating roles of inflammation and insulin resistance were
examined. Earlier obesity onset correlated with higher lev-
els of CRP and HOMA-IR that, in turn, correlated with
lower hand grip strength. Nevertheless, higher levels of
CRP and HOMA-IR explained only a small proportion of
lower hand grip strength gradient with increasing obesity
duration.

However, when interpreting the findings, it must be em-
phasized that we had longitudinal information only on body
weight. The level of hand grip strength, inflammation, or
insulin resistance earlier in life is not known. Therefore, it is
also unknown whether obesity duration, per se, and its met-
abolic consequences caused poor hand grip strength or if
some persons had low strength already before becoming
obese, for example, due to sedentary lifestyle, which in turn
can facilitate weight gain. However, current literature sup-
ports our hypothesis because both subclinical inflammation

Table 2. Regression Coefficients (With SE) of Hand Grip Strength by Hierarchical Classification of Obesity History

Previously Obese, but

Currently Nonobese Currently Obese

Obese Since 50 years Obese Since 40 years Obese Since 30 years

Never Regression Regression Regression Regression Regression
Obese Coefficient (SE) P Coefficient (SE) P Coefficient (SE) P Coefficient (SE) P Coefficient (SE) P
Model 1 Reference -9.16 (7.51) 022 -33.25(5.15) <.0001  -37.90 (7.80) <0001  —-67.03 (11.18) <.0001 -68.83 (15.45) <.0001
Model 2 Reference 0.41 (7.49) 096 -27.17 (5.11) <.0001 —29.07 (7.74) 0.0002  -53.38 (11.11) <.0001 -56.30 (15.22) 0.0002
% Change* 105 18 23 20 18
Model 3 Reference 0.54 (7.83) 095 -24.58(5.14) <.0001 -25.74 (7.81) 0.0010  -47.99 (11.05) <.0001 -57.19 (15.39) 0.0002
% Change* 106 26 32 28 17
Model 4 Reference —-0.31 (7.46) 097 -25.86(5.11) <.0001 -28.19 (7.71) 0.0003  -51.80(11.08) <.0001 -55.10(15.17) 0.0003
% Change* 97 22 26 23 20

Notes: SE = standard error. Model 1: adjusted for age, sex, and current body weight; Model 2: Model 1 + adjusted for education, physical activity, smoking,
alcohol use, and diseases (diabetes, hypertension, depression, knee osteoarthritis); Model 3: Model 2 + adjusted for log C-reactive protein (CRP); Model 4: Model 2 +

adjusted for log homeostasis model assessment (HOMA-IR).

* Percentage change in regression coefficients from Model 1 is computed by (regression coefficientyogenr — regression coefficientyiodero/s/assie)/regression coeffi-

cientyjoderr X 100.
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Table 3. OR (95% CI) of Very Low Relative Muscle Strength* According to Hierarchical Classification of Obesity History

Never Previously Obese, but
Obese Currently Nonobese Currently Obese Obese Since 50 years Obese Since 40 years Obese Since 30 years
OR OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Model 1
All 1.00 0.95 0.36-2.55 3.45 2.27-5.24 6.97 3.86-12.60 9.55 4.50-20.28 15.53 5.73-42.11
Only obese 1.00 2.02 1.10-3.73 2.73 1.27-5.86 4.60 1.67-12.65
Model 2
All 1.00 0.69 0.25-1.90 2.76 1.78-4.28 5.57 3.02-10.28 6.53 2.98-14.30 10.36 3.55-30.24
Only obese 1.00 2.09 1.10-3.96 2.49 1.11-5.60 3.96 1.31-11.99
Model 3
All 1.00 0.46 0.14-1.49 2.50 1.60-3.91 4.74 2.54-8.84 5.11 2.31-11.29 9.19 3.03-27.89
Only obese 1.00 2.02 1.06-3.84 2.31 1.02-5.20 3.94 1.28-12.18
Model 4
All 1.00 0.68 0.24-1.90 2.42 1.53-3.84 4.83 2.57-9.08 5.41 2.41-12.13 8.87 3.01-26.17
Only obese 1.00 2.06 1.08-3.91 2.36 1.05-5.29 391 1.29-11.87

Notes: CI = confidence interval; OR = odds ratio. Model 1: adjusted for age and sex; Model 2: Model 1 + adjusted for education, physical activity, smoking, al-
cohol use, and diseases (diabetes, hypertension, depression, knee osteoarthritis); Model 3: Model 2 + adjusted for log C-reactive protein (CRP); Model 4: Model 2 +

adjusted for log homeostasis model assessment (HOMA-IR).

*Very low relative muscle strength is defined as the lowest decile of relative hand grip strength (hand grip strength/current body weight).

and insulin resistance are known consequences of obesity
and risk factors for low muscle strength (7,9,10,24). In ad-
dition, a number of studies have shown that the duration of
obesity is a risk factor for insulin resistance (25) and type 2
diabetes (26-29).

In the present study, obesity duration was defined based
on BMI values across the adult life span. BMI was used as
an indicator of overall obesity, but it does not reflect body
composition or body fat distribution. Unfortunately, we did
not have longitudinal data on any other obesity indicators,
such as waist circumference or waist-to-hip ratio. Abdomi-
nal obesity is particularly interesting because adipose tissue
in the visceral area is known to produce high amounts of
inflammatory cytokines and adipokines (5,30) and is also
closely related to insulin resistance (8). Also other features
of unfavorable body fat distribution such as increased mus-
cle fat infiltration can provide explanation for decreased
hand grip strength among persons with long obesity history
through decreased muscle quality, increased subclinical in-
flammation, and insulin resistance (31,32).

In the future, prospective longitudinal studies are needed
to examine more closely the biologic mechanisms that un-
derlie the association between obesity duration and de-
creased muscle strength. In addition to inflammation and
insulin resistance, especially the role of physical activity,
diabetes, and depression should be examined because they
showed independent association with hand grip strength
and were associated with obesity duration. For example,
early onset of overweight and obesity may lead to reduced
physical activity contributing to decreased muscle strength.
Unfortunately, we did not have information on physical ac-
tivity history; thus, the role of physical activity in younger
years on the association between obesity history and hand
grip strength could not be evaluated in this study. Recogniz-
ing these intermediate factors is important in terms of timely
interventions. If obesity or the obesity-related intermediate

consequences are not intervened, extended duration of obe-
sity may lead to other negative health consequences, such as
metabolic syndrome (33), knee osteoarthritis (34), func-
tional limitations (21-23), and hospitalization (35).

Because the prevalence of overweight and obesity have
increased also in the younger population, growing number
of people will be suffering from obesity for decades. The
results of this study suggest that a long-lasting obesity may
predispose to decreased muscle strength, thus potentially
endangering to an imbalance between fat and muscle mass
or strength. This condition has recently been termed as sar-
copenic obesity (3,36,37) or dynapenic obesity (38) and is
especially associated with poor physical functioning in
older adults (38,39).

Some limitations of the present study should be recog-
nized. First, weights at age of 20, 30, 40, and 50 years were
obtained retrospectively and may therefore reduce validity
of the findings. However, several studies have examined the
accuracy of recalled weight information and it has shown to
be good (40,41). Factors that might influence on the recall
accuracy, include current body weight, sex, race, and recall
period (40,41), were controlled in our analyses (except for
race). Second, we did not have information on body height
at age of 30, 40, and 50 years, therefore objectively mea-
sured current height was used to calculate BMI. Because
body height decreases with age, this might have caused
slight overestimation of BMI at earlier years. Third, be-
cause hand grip strength was used as a proxy for overall
muscle strength (14,15), future studies should examine
whether the results apply also when using lower extremity
strength, which is directly affected by body weight. Finally,
the only available measure of low-grade inflammation was
CRP and insulin resistance was not measured directly, but
was estimated based on the HOMA-IR. Our results should
be confirmed by using other measures of inflammation and
insulin resistance.
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In conclusion, long-term exposure to obesity is associ-
ated with poor hand grip strength later in life in a represen-
tative population-based sample of persons aged 55 years
and older. Given the increasing prevalence of overweight
and obesity at younger ages, the number of years that obese
older adults will live with obesity is also increasing. This
may lead to health risks associated with obesity as well as to
increase the number of sarcopenic obese persons among the
future generations of older adults. Thus, maintaining healthy
body weight throughout the life span may help to prevent or
delay muscle strength decline in old age. Further prospective
studies with information on physical activity history and prior
muscle strength are needed to examine in detail the causal
association between obesity history and muscle strength.
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