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Low haemoglobin levels contribute to low grip strength
independent of low-grade inflammation in Japanese

elderly women
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Muscle strength declines with age. However, factors that contribute to such declines are not well documented and
have not been extensively studied in elderly populations of Asian origin. Correlations of grip strength with a
broad range of factors associated with declines in muscle strength were examined in 202 community-living elder-
ly Japanese women. After adjustment for age, grip strength was positively correlated with body weight, height,
serum albumin, haemoglobin, high-density lipoprotein cholesterol (HDL-C) and serum iron and inversely with
serum copper, and log high-sensitivity C-reactive protein (hsCRP). Multiple linear regression analysis with grip
strength as a dependent variable showed that 47.0% of variability of grip strength could be accounted for by
height, age and haemoglobin in order of increasing R In conclusion, low haemoglobin may contribute to low
muscle strength independently of age, anthropometric, nutritional, and inflammatory markers in the elderly, and
may represent an important confounder of the association between grip strength and functional decline in com-

munity-living Japanese elderly women.
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INTRODUCTION

The rapid increase in the prevalence of older persons in
the general population has been accompanied by substan-
tial interest in identifying those biomarkers which are
able to predict functional decline and mortality in the el-
derly.! Among the biomarkers which predict functional
decline in the elderly population, C-reactive protein
(CRP), an inflammatory marker, and serum albumin, a
laboratory variable commonly used to assess nutritional
status, seem to play a major role.”> We have recently
shown that a modest increase in serum copper and subtle
decreases in serum iron and zinc are associated with in-
flammatory markers in community-living Japanese elder-
ly women.*”

Grip strength, an approximation of total body muscle
strength, has been found to be a robust predictor of func-
tional decline, frailty and mortality.*'* However, underly-
ing mechanisms of these associations are poorly under-
stood and have not been extensively studied in elderly
populations of Asian origin. Women as compared to men
and older people as compared to younger people are
known to have lower absolute and relative muscle
strength.'* Therefore, we examined relationships between
grip strength and a broad range of factors associated with
declines in muscle strength in community-living Japanese

elderly women.

PARTICIPANTS AND METHODS

We examined 202 free-living elderly women whose de-
tails have previously been reported elsewhere.*”" Partic-
ipants were residents in central urban area of Nishinomi-
ya, Hyogo, Japan and were recruited as volunteers by
local welfare commissioners. None of the subjects report-
ed to have cancer, or clinically diagnosed acute or chronic
inflammatory diseases. However, information was not
available on drugs and nutritional supplements which the
subjects consumed. Of 202 women, 105 had hypertension
(systolic/diastolic blood pressure >140/90 mmHg) and 14
had glucose dysregulation (casual plasma glucose >140
mg/dL). This research followed the tenets of the Declara-
tion of Helsinki. The study was approved by the Ethics
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Committees of Mukogawa Women’s University (No.11-
07) and written informed consent was obtained from each
participant.

Anthropometric indices and blood pressure were meas-
ured between breakfast and lunch and thereafter, and the
blood samples were obtained from the cubital vein. Fat
mass was measured using an impedance method (In Body
430, Biospace, Tokyo, Japan). Blood pressure was meas-
ured using an automated sphygmomanometer (BP-203RV
II, Colin, Tokyo, Japan) after participants had rested at
least 5 mins.

Grip strength was measured with a handheld dyna-
mometer (T.K.K.5401, Takei Scientific Instruments, To-
kyo, Japan). The participant was asked to stand up and
hold the dynamometer in the dominant hand with the arm
parallel to the body without squeezing the arm against the
body. The width of the handle was adjusted to the size of
the hand to make sure that the middle phalanx rested on
the inner handle. Two trials for the dominant hand were
performed and the stronger results were used in analyses.
Grip strength was expressed in kilograms (Kg).

Plasma glucose, serum insulin, lipids and lipoproteins
were assayed as previously reported.'®!” Because of non-
fasted blood sampling, non-HDL cholesterol was calcu-
lated as the difference between total and HDL cholesterol.
Adiponectin, leptin and high-sensitivity CRP (hsCRP), a
marker of very low levels of inflammation in healthy in-
dividuals,'® were assayed by respective commercially
available kits as previously reported.'®!” Complete blood
cell count was analyzed using an automated blood cell
counter (Sysmex XE-2100, Sysmex, Kobe, Japan). Serum
i1r01;,5 zinc and copper were measured as previously report-
ed.”

Serum creatinine was measured enzymatically using an
autoanalyzer (AU 5200, Olympus, Tokyo, Japan). The
estimated glomerular filtration rate (eGFR) was deter-
mined using the equation recommended by the Japanese
Society for Nephrology.'®

Data were presented as mean+SD unless otherwise
stated. Due to deviation from normal distribution, hsCRP
was logarithmically transformed for analysis. Differences
between 2 groups were analyzed by ¢ test and frequencies
of conditions by Chi-square tests. Differences among 3
groups or more were analyzed using analysis of variance.
When p values in analysis of variance were p<0.05, Bon-
ferroni’s multiple comparison procedure was performed.
Bivariate correlations were evaluated by Pearson correla-
tion analysis. Stepwise multiple linear regression analyses
were performed to further indentify the most significant
variables contributing to the variation of grip strength.
Confounder variables included were age, comorbidities
(hypertension and glucose dysregulation) and variables
which showed significant associations with grip strength
after adjustment for age. The independent association of
low grip strength with non-parametric data was examined
by multiple logistic analysis. A two-tailed p<0.05 was
considered statistically significant. All calculations were
performed with SPSS system 15.0 (SPSS Inc, Chicago, IL,
USA).

RESULTS
As previously reported,*’ participants were apparently

healthy, ambulatory elderly women with a similar preva-
lence of anaemia (haemoglobin <12 g/dL) and reduced
renal function (eGFR <60 mL/min/1.73 m?) to Japanese
women aged 70 years and older in the general population.
Severe anaemia (haemoglobin <11.0 g/dL) was found
only in 11 women (5.4%) and moderate-severe renal in-
sufficiency (eGFR <45 mL/min/1.73 m?®) only in 12
women (5.9%).

Mean grip strength in our participants (20.4+5.3 kg)
was slightly lower than an average of 22.2+3.9 kg of Jap-
anese women aged 75-79 years.'’ In Pearson’s correlation
analysis (Table 1), height and body weight were strongly
and positively, and age was strongly and inversely corre-
lated with grip strength. Although there was a modest
correlation between grip strength and BMI, there was no
correlation with percentage body fat, abdominal circum-
ference and serum leptin. Grip strength showed a positive
correlations with serum albumin, iron and zinc. Further,
grip strength was inversely correlated with serum TNF-a
and adiponectin, and positively correlated with PAI-1.
Finally, grip strength showed positive correlations with
red blood cell count, haemoglobin and haematocrit.

After adjustment for age (Table 1), correlations with
body weight, height, serum albumin, iron and haemoglo-
bin remained significant whereas correlations with BMI,
serum zinc, TNF-q, adiponectin, PAI-1, red blood cell
count and haematocrit were abolished. Correlations be-
came significant with HDL cholesterol (positive), serum
copper (negative), log hsCRP (negative) after controlling
for age. Although there was no significant correlation
between grip strength and eGFR (»=0.13, not significant)
in simple regression analysis, the correlation became sig-
nificant after adjustment for age but it was inverse (r—=-
0.20, p<0.05). From the pathophysiological point of view,
the direction of the correlation is the opposite of what is
expected. It may result from over-adjustment for age be-
cause eGFR is calculated using the formula including age.

Multiple linear regression analysis was conducted with
grip strength as a dependent variable (Table 2). Con-
founder variables included were age, comorbidities (hy-
pertension and glucose dysregulation) and variables
which showed significant associations with grip strength
after adjustment for age. We found that 47.0% of variabil-
ity of grip strength can be accounted for by height, age
and blood haemoglobin in order of increasing R*. We
excluded eGFR from dependent variables due to reasons
described above.

In our samples, 40 women (19.8%) had anaemia by the
WHO criteria (haemoglobin <12 g/dL). Women with
anaemia were older and had lower grip strength compared
with women without anaemia (Table 3). After adjustment
for the same confounder variables as in Table 2, women
with anaemia had weaker grip strength than women with-
out anaemia (17.6+0.9 [SE] vs 20.7+0.4 kg, p=0.003). As
previously reported'’ and confirmed in the present study,
anaemic women had elevated serum adiponectin and cre-
atinine, and lower eGFR and higher prevalence of eGFR
<45 mL/min/1.73 m* (22.5 vs 1.9%, p<0.0001). However,
there was no difference in serum levels of inflammatory
markers and the prevalence of eGFR <45-<60 mL/min/
1.73 m? between the 2 groups of women.
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In order to further confirm the relationship between
haemoglobin levels and grip strength, women were divid-
ed into quintiles of haemoglobin. This was done because
anaemic women belonged to the lowest quintile of hae-
moglobin. Anaemic women (the lowest quintile; haemo-
globin <12.0 g/dL) had lower grip strength than women in
the highest (>13.8 g/dL) and second highest quintiles
(13.2-13.9 g/dL) after adjustment for the same confounder
variables as in Table 2 (Figure 1). Women in the median
quintile (12.6-13.2 g/dL) also had lower grip strength than
women in the highest quintile. However, there was no
difference in grip strength between anaemic women and

non-anaemic women in the second lowest (12.0-12.5 g/dL)
and median quintiles of haemoglobin.

Elderly women were divided into 2 groups according to
a median value of grip strength; low and high groups.
Multiple logistic regression analysis was conducted with
low grip strength as a dependent variable. Independent
variables included were the same as in the multiple re-
gression analysis in Table 2, except for haemoglobin.
Instead anaemia was included as an independent variable.
In this model, height, weight and serum albumin were
independently associated with low grip strength, but not
anaemia (Table 4).

Table 1. Anthropometric and biochemical characteristics of Japanese elderly women studied and correlation coeffi-
cients of grip strength before (simple) and after (partial) adjustment for age

Variables Mean+SD Simple Grip strength Partial
Age (years) 76.3+8.2 055 adjusted
Height (cm) 149+6.2 0.58"™ 047"
Body weight (kg) 49.9+7.7 0.43"" 033"
BMI (kg/m®) 22.5+3.1 0.15" 0.09
Body fat percentage (%) 31.847.1 -0.01 -0.06
Abdominal circumference (cm) 86.5+9.3 0.03 0.12
Grip strength (kg) 20.4+£5.3 1.00 1.00
Systolic blood pressure (mmHg) 143£22 -0.11 -0.10
Diastolic blood pressure (mmHg) 84+13 -0.03 -0.10
Albumin (g/dL) 4.39+0.26 0.39™" 0.19
Plasma glucose (mg/dL) 100£29 -0.03 -0.12
Insulin (WU/mL) 8.3+7.5 -0.17 -0.15
Total cholesterol (mg/dL) 219431 0.12 -0.03
HDL-cholesterol (mg/dL) 64+14 0.09 0.20
Non-HDL-cholesterol (mg/dL) 155+33 0.07 -0.12
TG (mg/dL) 142+79 0.10 -0.09
Serum creatinine (mg/dL) 0.69+0.15 -0.11 0.11
Iron (ug/dL) 94428 0.18" 0.20°
Copper (pg/dL) 109+15 -0.06 -0.20°
Zinc (pg/dL) 78+12 0.28"" 0.12
hsCRP (ug/dL) 85+109 -0.11 -0.18"
Log hsCRP 1.7+0.4 -0.09 -0.20°
TNF-a (pg/mL) 1.6+1.0 -0.22" 0.12
Leptin (ng/mL) 7.7+4.7 0.03 -0.10
Adiponectin (pg/mL) 14.1+7.8 -0.24™ -0.09
PAI-1 (ng/mL) 26.5+16.5 0.16" 0.07
White blood cells (x10%/pL) 6.1£1.6 -0.04 -0.12
Red blood cells (x10%pL) 424438 0.30™" 0.12
Haemoglobin (g/dL) 12.9+1.2 0.33™" 021"
Haematocrit (%) 40.9+3.4 0.29™" 0.12
Platelets (x10%/uL) 22.945.6 -0.06 -0.17

hsCRP: high-sensitivity C-reactive protein; TNF-a: tumor necrosis factor-o; PAI-1:plasminogen activator inhibitor-1.

?lood was drawn bﬁ}ween breakfast and lunch.
p<0.05, p<0.01, p<0.001.

Table 2. Stepwise multiple linear regression analysis for grip strength as a dependent variable in Japanese elderly

women

Standardized p Cumulative R
Height 0.41 <0.001 0.34
Age -0.32 <0.001 0.44
Haemoglobin 0.17 0.003 0.47

Model included as independent variables age, comorbidities (hypertension and glucose dysregulation) and all variables that showed sig-
nificant associations with grip strength after age adjustment; height, weight, albumin, iron, haemoglobin, HDL cholesterol, serum creati-

nine, copper and log high-sensitivity CRP.
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Table 3. Characteristics of Japanese elderly women with anaemia using the World Health Organization criteria

(haemoglobin <12.0 g/dL)

Anaemic (n=40) Non-anaemic (n=162) p
Age (years) 79.9+8.6 75.4+7.9 0.002
Height (cm) 147+6.4 150+6.0 0.045
Body weight (kg) 48.1£8.2 50.5+7.4 0.068
BMI (kg/m®) 22.1+3.0 22.7+3.1 0.325
Body fat percentage (%) 30.8+7.5 32.0£7.0 0.356
Abdominal circumference (cm) 86.9+8.7 86.4+9.5 0.779
Grip strength (kg) 18.1+5.9 20.9+5.1 0.003
Systolic blood pressure (mmHg) 141423 144422 0.415
Diastolic blood pressure (mmHg) 80+12 85+13 0.022
Albumin (g/dL) 4.24+0.27 4.43+0.24 <0.0001
Plasma glucose (mg/dL) 102+44 99423 0.615
Insulin (WU/mL) 8.2+6.4 8.3+£7.9 0.933
Total cholesterol (mg/dL) 206425 222+32 0.003
HDL-cholesterol (mg/dL) 64+13 64+£15 0.984
Non-HDL-cholesterol (mg/dL) 142425 158+34 0.005
TG (mg/dL) 129+73 145+81 0.276
Serum creatinine (mg/dL) 0.77+0.25 0.67+0.11 0.000
Iron (ng/dL) 80+27 98427 0.000
Copper (pg/dL) 109+15 109+15 0.715
Zinc (ug/dL) 7310 79+12 0.002
hsCRP (ug/dL) 79495 87+113 0.688
Log hsCRP 1.7+0.4 1.7+0.4 0.862
TNF-a (pg/mL) 1.7+0.8 1.6£1.1 0.540
Leptin (ng/mL) 7.1+4.6 7.8+4.7 0.404
Adiponectin (ug/mL) 18.2+10.4 13.1+6.6 <0.0001
PAI-1 (ng/mL) 20.5+7.4 28.0+17.7 0.010
White blood cells (x10°/uL) 5.9+1.5 6.1+1.6 0.360
Red blood cells (x10*/uL) 382+31 434431 <0.0001
Haemoglobin(g/dL) 11.3+0.6 13.3+0.9 <0.0001
Haematocrit (%) 36.542.1 42.0+2.7 <0.0001
Platelets (x10%/uL) 23.1£5.2 22.9+5.7 0.833

Mean+SD or n, %.

hsCRP: high-sensitivity C-reactive protein; TNF-o:tumor necrosis factor-a; PAI-1:plasminogen activator inhibitor-1.
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Figure 1. Relationship between grip strength and quintiles of blood haemoglobin in community-living elderly Japanese women. Data are
mean=SE after adjustment for the same confounder variables as in Table 2. *p<0,01, Mp<0,05

DISCUSSION

In the present study, we showed that grip strength was
correlated with higher hsCRP and serum copper, and low-
er HDL cholesterol, serum albumin and haemoglobin in
community-living elderly women. Among those, low
blood haemoglobin was correlated with low grip strength
independently of age, comorbidities, anthropometric, nu-
tritional, and inflammatory markers although the relation-
ship between grip strength and haemoglobin was not line-

ar. It is noted that these findings were observed in free-
and community-living elderly women who had fewer in-
dicators of disease or malnutrition, such as low BMI, hy-
poalbuminemia, hypocholesterolemia or renal failure,
which are usually considered hallmarks of malnutrition
and frailty.

Anaemia has been shown to be associated with weaker
muscle strength and poorer physical function in older
adults.”*® In addition, in older women who are not
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Table 4. Associations of grip strength with variables
which showed significant associations with grip
strength

Variables OR 95% CI p

Height 1.17 1.08-1.26 <0.001
Weight 1.09 1.03-1.15 0.003
Serum albumin 11.8 2.4-57.4 0.002

anaemic, grip strength® is weaker and functional status®
is worse for those with low-normal haemoglobin (12.0-
13.0 g/dL) than those with high-normal haemoglobin val-
ues (13.0-14.0 g/dL). These findings may be in line with
our observation that grip strength was weaker for those in
the median haemoglobin quintile (12.6-13.2 g/dL) than
those in the highest haemoglobin quintile (>13.8 g/dL) in
older non-anaemic women. Further, in the present study,
the relationship between grip strength and haemoglobin
was not linear. Although anaemic women had lower grip
strength than women in the highest and second highest
haemoglobin quintiles, there was no significant difference
in grip strength between anaemic women and those in
non-anaemic women in the second lowest and median
quintiles of haemoglobin. The failure to detect significant
association between anaemia and grip strength (Table 4)
may be due in part to a small sample size in anaemia or
non-linear relationship between haemoglobin concentra-
tions and grip strength in our sample.

Several biologically plausible mechanisms could ex-
plain the link between low haemoglobin and muscle
strength in older adults as reviewed by Chaves.”® Low
haemoglobin levels can diminish the maximal capacity of
the musculo-skeletal systems to consume oxygen, leading
to decreased muscular conditioning. Synergistically, by
decreasing oxygen-carrying capacity, low haemoglobin
could lead to chronic tissue hypoxia, which in turn would
promote further decline in physiologic reserve.

Studies have shown that higher levels of inflammatory
markers are associated with lower grip strength.””* Re-
cent findings suggest possible contributions of obesity-
associated inflammatory milieu, and impairment of mus-
cle function/strength to adverse functional outcomes.**
For example, the amount of body fat appears to be the
best correlate of CRP***° and randomized studies of
weight reduction in older persons with knee osteoarthritis
have found reductions in concentrations of CRP, IL-6 and
soluble TNF-a receptor.”’ Most of these studies on the
relationship between grip strength and inflammation have
analyzed single biomarkers or biomarkers for a single
pathway of inflammation. The present study examined
associations between grip strength and a broad range of
factors associated with declines in muscle strength includ-
ing inflammatory markers and found a significant associa-
tion of grip strength with haemoglobin independent of
inflammatory markers. Another possible explanation is
big differences in BMI and hence serum CRP levels.
Mean BMI and CRP were 25.9 to 29.4 kg/m” and 3.2-3.76
mg/L, respectively, in the aforementioned studies.”’™
They were 22.5 kg/m* and 0.85 mg/L, respectively, in the
present study.

Body height was positively related to grip strength in the
present study of community-dwelling Japanese elderly

women, as previously reported in the elderly’®*" as well
as in the young population.”® Greater heights would lead
to longer arms, with greater lever arm for force generation,
resulting in an efficient amount of force.*'

Several limitations must be acknowledged. The cross-
sectional design did not allow causal relationship. The
recruitment procedure may also have some potential im-
pact on the results. As the participation was voluntary,
women who pay more attention to health may be more
likely to participate. Biochemical parameters were meas-
ured only once. Information on nutritional supplements
and drugs which they used to take was not available, so
possible contribution of these supplements and drugs to
grip strength or other parameters could not be completely
excluded. Use of some drugs may or may not be associat-
ed with muscle strength.**

In conclusion, low-normal haemoglobin above the
WHO cut-off may contribute to lower muscle strength
independently of age, anthropometric, nutritional, and
inflammatory markers in the elderly, and may represent
important confounders of the association between grip
strength and functional decline in community-living Jap-
anese elderly women.
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