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Background: Chronic inflammation plays a key role in the pathophysiology of frailty and loss of physical performance, which are closely
associated with sarcopenia. In women, the decline in muscle mass and strength is accelerated after menopause. Thus, we examined the
association between high sensitivity C-reactive protein (hs-CRP) and relative handgrip strength (HGS) in postmenopausal women.
Methods: This cross-sectional study included 2171 postmenopausal women aged ≥45 years who participated in the Korean National
Health and Nutrition Survey (KNHNES) between 2015 and 2018. Relative HGS was categorized into quartiles as follows: Q1, <0.810
(kg/BMI); Q2, 0.810–0.968 (kg/BMI); Q3, 0.969–1.119 (kg/BMI); Q4, >1.119 (kg/BMI). The odds ratios (ORs) and 95% confidence
intervals (95% CIs) for high hs-CRP (>1.0 mg/L, 75 percentile of the current samples) were calculated across relative HGS quartiles
using multiple logistic regression analysis.
Results: The prevalence of high hs-CRP decreased with relative HGS quartiles. Compared to the highest quartile, the OR (95% CI) of
the lowest relative HGS quartile for high hs-CRP was 3.266 (2.227–4.789) after adjusting for age, hypertension, diabetes mellitus,
dyslipidemia, education, household income, physical activity, strength exercise, smoking, and alcohol ingestion.
Conclusion: Serum hs-CRP level was inversely and independently associated with relative HGS. Our findings indicate that low-grade
inflammation is inversely associated with muscle strength in postmenopausal women.
Keywords: C-reactive protein, hand strength, menopause, inflammation, sarcopenia

Introduction
Increased levels of inflammatory markers and acute-phase protein are a common feature of the aging process. First
mentioned by Franceschi et al in 2000, “Inflamm-aging” describes a chronic low-grade systemic inflammation of aging
without overt infection.1 Sources of inflamm-aging include the following factors: 1) self-debris from damaged macro-
molecules and cells accumulated with aging, 2) harmful products produced by the microbial constituents such as oral or
gut microbiota, 3) increased activation of the coagulation system with age, 4) cellular senescence which is a cellular
response to damage and stress.2,3 Also, intra-abdominal adiposity generally increases in postmenopausal women and can
result in chronic low-grade inflammation through adipocytokines.4 Recent studies have shown that sustained low-grade
pro-inflammatory state is associated with important age-related diseases, such as cardiovascular diseases (CVD), diabetes
mellitus, metabolic syndrome, and several cancers.5,6 Therefore, early detection of low-grade inflammation is important
to prevent these age-related diseases. C-reactive protein (CRP), which is produced in the liver, is the most widely used
inflammatory marker.7 An acute response to injury or infection may increase CRP,7 but recent studies have also shown
elevation in CRP with chronic low-grade inflammatory responses in the presence of cardiometabolic diseases, such as
CVD, diabetes mellitus, and metabolic syndrome.8
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Decreased estrogen levels in postmenopausal women lead to sarcopenia, which is defined as a decline in muscle mass
and muscle strength, as well as redistribution of subcutaneous fat to visceral fat.9 Sarcopenia status in postmenopausal
can lead to functional limitations, fractures, disability, and premature mortality.10,11 Therefore, sarcopenia in postmeno-
pausal women is important to note in terms of public health as well. Recently, handgrip strength (HGS) has emerged as
a proxy for muscle strength measurement due to its convenience and economic advantages. Therefore, various
organizations defining sarcopenia accepted HGS as one of the most reliable tools for diagnosing sarcopenia.12–14

However, the cut-off values of HGS defining low muscle strength varied among different studies. A review paper on
sarcopenia suggested that muscle strength measured by handgrip strength should be stratified by body mass index
(BMI).15 Taking this into account, several studies have shown that relative HGS adjusted for BMI instead of absolute
HGS are inversely related to various age-related diseases, such as metabolic syndrome, diabetes mellitus, CVD and
chronic kidney disease.16,17 In recent nationwide population-based studies, relative HGS showed a stronger correlation
with cardiovascular biomarkers than absolute HGS and dominant HGS.18,19

Recent studies have shown that inflammation plays an important role directly or indirectly in imbalance of skeletal
muscle and in pathophysiology of frailty.20–22 Previous studies have already shown that CRP is positively associated with
relative HGS.23,24 Thus, we examined the association of chronic low-grade inflammation indexed by high-sensitivity
CRP (hs-CRP) with relative HGS in postmenopausal women using large sample data.

Materials and Methods
Survey Overview and Study Population
This study used data from the Korean National Health and Nutrition Survey (KNHANES) from 2015 to 2018. The
KNHANES is a nationally representative dataset for comprehensively understanding the health and nutrition status of
the Korean people and consists of independent circulation samples every three years with a yearly survey system.
Participants were proportionally distributed with multistage stratification according to region, age, and sex. The survey
consists of three categories: health interview, nutrition survey, and health examination survey. Among 31,649 subjects who
participated in the 2015–2018 KNHANES, 5881 were selected as relatively healthy postmenopausal women of age ≥40
years. Women who answered “Natural menopause” to the question “Status of menstruation” were referred to as post-
menopausal. The following participants were excluded: individuals with an hs-CRP ≥ 10 mg/L (n = 66); presence of cancer
or arthritis (osteoarthritis, rheumatoid arthritis) (n = 915); unwell in the last two weeks (acute disease or worsening of
chronic diseases) (n = 1446); and those whose data were unavailable to evaluate HGS and hs-CRP (n = 1283). After these
exclusions were made, there were 2171 participants eligible for this study. All participants in the survey signed an informed
written consent form when the 2015–2018 KNHANES was conducted according to the ethical principles of the Declaration
of Helsinki. The study protocol was reviewed and approved by the Institutional Review Board of the Korea Centers for
Disease Control and Prevention (approval no. 2018-1-03-P-A) and Yonsei University Health System (No. Y-2019-0195).

Data Collection
Information on health-related behaviors, such as alcohol consumption, smoking habit, physical activity, strength exercise,
education level, and household income, was collected by self-report questionnaires. One was defined as a smoker if they
answered “I smoke every day” or “I sometimes smoke” to the question “Are you a current smoker?” and reported that they
had smoked more than 5 packs (100 cigarettes) in their lifetime. Alcohol consumption was defined as drinking at least once
a month in recent years. Korean version of International Physical Activity Questionnaire (IPAQ) was used to evaluate
physical activity.25 This questionnaire asks about the duration (minutes per day) and frequency (days per week) according to
each exercise intensity and walking activities, including the following question: “how many days did you perform vigorous
physical activities such as heavy lifting, heavier gardening or construction work, chopping wood, aerobics, jogging/running,
or fast bicycling during the last 7 days? How much time did you spend performing vigorous physical activities on average
per day?” Participants who had performed moderate-intensity activity greater than or equal to 2 hours 30 minutes or high-
intensity activity greater than or equal to 1 hour 15 minutes per week were defined as physically active. Moderate-intensity
activity refers to activity that causes an increase in breathing or increase in heart rate, and high-intensity refers to intense
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physical activity that causes a decrease in breathing or a rapid increase in heart rate. The strength exercise group included
participants who performed strength exercise three times per week or more according to question “How many days did you
do strength exercises such as push-up, sit-up, dumbbell, iron bar, etc. in the last 7 days?”. Level of education was classified
into elementary school, middle school, high school, and college. Household income was divided into quartiles and marital
status was classified into single, married, or others such as separated or divorced. All blood samples were obtained from the
antecubital vein after a 12 hour overnight fast. The Hitachi 7600–110 automated chemistry analyzer was used to measure
fasting plasma glucose, triglycerides, and high-density lipoprotein (HDL) cholesterol levels (Hitachi Co., Tokyo, Japan). Hs-
CRP level was measured using Cobas immunoturbidimetry (Roche Co., Berlin, Germany). Patient height and weight were
measured by experienced medical staff to the nearest 0.1 cm and 0.1 kg, respectively. BMI was calculated as weight in
kilograms divided by square of height in meters (kg/m2). Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured manually by the stand methods using mercury sphygmomanometers (Baumanometer Wall unit 33; W.A.
Baum, Copiague, NY) with the patient in the sitting position. Blood pressure was measured three times for all patients at five-
minute intervals. The average of the second and third blood pressure readings was calculated as the final blood pressure
values. HGS was measured using a digital grip strength dynamometer (TKK 5401; Takei Scientific Instruments Co., Ltd.,
Tokyo, Japan). Each participant was measured by educated experts in a standing position with their forearm fully extended
sideways away from the body at the level of the thigh three times for each hand and allowed 30 seconds of rest to recover
between measurements. The participants were asked to squeeze the dynamometer with as much force as possible, for <3
seconds. HGS was defined as the maximally measured grip strength of the dominant hand. Relative HGS was defined as grip
strength per unit of BMI.

High hs-CRP
American Heart Association and Centers for Disease Control and Prevention recommend hs-CRP cutoff values of >3 mg/L
for high risk, but these cut-off values are based on Western population. A previous study conducted by our research team
showed that CRP level was lower in Korean adults compared to the Western population.26 Although approximately 30% of
the US population has CRP concentrations >3 mg/L, only 8.7% of men and 5.9% of women have CRP concentrations
>3.0 mg/L. As an alternative, we used an hs-CRP >1.0mg/L as the cutoff value corresponding to the 75th percentile of the
current samples. This cut-off value is in line with previous studies conducted in Asian population.27,28

Statistical Analyses
Participants were categorized into quartiles based on relative HGS (Q1, <0.810 kg/BMI; Q2, 0.810–0.968 kg/BMI; Q3,
0.969–1.119 kg/BMI; Q4, >1.119 kg/BMI) and absolute HGS (Q1, <22.0 kg; Q2, 22.0–27.6 kg; Q3, 27.7)-. The results
are presented as means ± standard errors (SEs) or percentages (SEs). Differences between groups were evaluated using
two-tailed analysis of variance (ANOVA) for continuous variables and chi-square tests for categorical variables.
Pearson’s correlation analysis was performed to calculate the r coefficient between the log-transformed hs-CRP and
the relative HGS. The odds ratios (ORs) and 95% CIs for high hs-CRP were calculated using multiple logistic regression
analysis after adjusting for confounding variables (age, hypertension, diabetes mellitus, dyslipidemia, education, house-
hold income, physical activity, strength exercise, smoking, and alcohol ingestion) across relative HGS quartiles. All
analyses were conducted using SPSS statistical software, version 25 (SPSS Institute Inc.) and a P-value of <0.05 was
considered statistically significant.

Results
Table 1 shows the clinical characteristics of the participants according to relative HGS quartiles. In the highest relative
HGS quartile, the mean values of age, BMI, waist circumference, systolic blood pressure, fasting plasma glucose, and
triglycerides were the lowest, whereas HDL-cholesterol level was the highest. Also, the proportion of hypertension and
diabetes mellitus were highest in the lowest quartile, whereas individuals with regular physical activity, strength exercise,
and alcohol ingestion were most prevalent in the highest quartile of relative HGS.

The relative HGS was inversely correlated with the log-transformed hs-CRP with r value 0.224 (p < 0.001). Figure 1
illustrates hs-CRP values according to relative HGS quartiles after adjusting for confounding factors. Mean hs-CRP
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gradually decreased in accordance with relative HGS quartiles. Table 2 presents the results of multiple logistic regression
analysis to assess the ORs for predicting high hs-CRP in terms of relative HGS quartile. Compared to the highest
quartile, the ORs (95% CIs) for high hs-CRP of the lowest quartile were 3.266 (2.227–4.789) after adjusting for age,
history of hypertension, diabetes mellitus, and dyslipidemia, cigarette smoking, alcohol ingestion, physical activity,
strength exercise, household income, and education level. Supplement Tables 1 and 2 show the association between
relative HGS and hs-CRP based on menopausal age and BMI group.

Discussion
In this nationally representative cross-sectional study, low-grade inflammation, as indexed by serum hs-CRP, showed
inverse association with relative HGS in postmenopausal women, independent of age, hypertension, diabetes mellitus,
dyslipidemia, health behaviors (smoking status, alcohol consumption, physical activity, and strength exercise) and
socioeconomic status. Our results are consistent with previous studies reporting an inverse relationship between hs-
CRP and muscle strength. Several previous studies have shown that elevated hs-CRP is related to low physical
performance.20,29 These findings suggest that chronic inflammation is involved in loss of physical performance, including
muscle mass and strength. Inflammation may affect physical performance through microvascular impairments, hormonal
changes, insulin resistance, and impairment of the central nervous system motor control.22 Also, pro-inflammatory

Table 1 Clinical Characteristics of Study Population by Relative Handgrip Strength Quartiles

Relative Hand Grip Strength (kg/BMI) Quartile

Q1, <0.810 Q2, 0.810–0.968 Q3, 0.969–1.119 Q4, >1.119 P-value

N 542 543 543 543

Age 66.8± 0.5 61.9 ± 0.4 59.6 ±0.4 56.9 ± 0.3 <0.001
Body mass index (kg/m2) 25.8±0.2 24.4±0.1 23.3±0.1 21.8±0.1 <0.001

Waist circumference (cm) 86.2±0.4 82.4±0.4 79.4±0.4 75.8±0.3 <0.001

Systolic blood pressure (mmHg) 126.5 ±0.8 124.5±0.9 122.1±0.8 118.1±0.8 <0.001
Diastolic blood pressure (mmHg) 75.1±0.5 75.7±0.6 76.3±0.5 75.1±0.5 0.008

Fasting plasma glucose (mg/dL) 109.8±1.5 103.2±1.11 100.8±0.9 98.8 ±0.9 <0.001

Total cholesterol (mg/dL) 195.6±2.2 204.5±2.2 205.8±1.9 206.3±1.8 0.001
HDL-cholesterol (mg/dL) 49.4±0.6 52.1±0.6 53.9±0.6 56.9±0.7 <0.001

Triglyceride (mg/dL) 142.4±3.8 133.9±4.2 126.6±3.8 118.3±4.8 <0.001

Creatinine (mg/dL) 0.8±0.01 0.7±0.05 0.7±0.01 0.7±0.01 0.002
Current smoking (%) 6.4 (1.2) 5.3 (1.3) 7.2 (1.3) 7.8 (1.4) 0.569

Alcohol ingestion (%) 28.2 (2.2) 34.1 (2.5) 33.8 (2.3) 39.4 (2.3) 0.009

Physical activity (%) 28.6 (2.3) 36.9 (2.6) 46.8 (2.5) 50.8 (2.3) <0.001
Strength exercise (%) 6.9 (1.3) 10.9 (1.6) 10.6 (1.4) 15.3 (1.7) 0.001

Hypertension (%) 46.5 (2.5) 37.6 (2.3) 25.2 (2.1) 19.2 (1.9) <0.001

Dyslipidemia (%) 30.8 (2.0) 30.3 (2.3) 33.3 (2.2) 19.1 (1.7) <0.001
Diabetes mellitus (%) 22.6 (2.1) 10.0 (1.0) 11.7 (1.6) 6.3 (1.2) <0.001

Education (%) <0.001

≤ Elementary school 56.6 (2.5) 33.8 (2.2) 23.6 (2.1) 14.8 (1.6)
Middle school 16.6 (1.9) 17.9 (2.0) 19.2 (2.0) 15.9 (1.9)

High School 18.6 (2.2) 31.4 (2.2) 37.6 (2.4) 43.5 (2.4)

≥ College 8.3 (1.4) 16.9 (1.9) 19.7 (2.0) 25.8 (2.2)
Household income (%) <0.001

Quartile 1 (lowest) 37.2 (2.5) 23.2 (2.0) 15.7 (1.9) 10.1 (1.3)
Quartile 2 27.2 (92.2) 27.8 (2.2) 26.5 (2.3) 25.0 (2.2)

Quartile 3 20.1 (2.3) 22.5 (2.0) 27.7 (2.2) 24.9 (2.1)

Quartile 4 (highest) 15.5 (1.8) 26.5 (2.2) 30.1 (2.2) 40.0 (2.5)

Note: Data presented as mean (SE) or percentages, unless otherwise indicated. P-values were calculated by weighted ANOVA test for continuous variables and
weighted chi-square for categorical variables.
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cytokines accumulate excessive free-radical species in skeletal muscles.30 It is well known that high levels of free-
radicals can damage skeletal muscle force generation.31

A more recent meta-analysis also showed that sarcopenia is associated with elevated CRP levels.32 In contrast, Kim et al
reported that the inverse relationship between hs-CRP and HGS was only in older men, not in postmenopausal women.33

However, Smith et al showed inverse associations between HGS and inflammatory markers in women only, not in men.34

These discrepancies in the results may have existed for several reasons, including using different HGS indexes, differences in
ethnicity, sex, and body size. However, most of the previous reports did not use relative HGS. Relative HGS has been
suggested as a new marker for muscle strength because it minimizes the confounding effect of body size. Choquette et al
suggested that relative HGS is superior to absolute HGS as a marker of frailty and functional decline and is a more sensitive
index that can explain low physical performance.16 Furthermore, low relative HGS represents not only poor muscle strength
but also high level of fat mass, which is closely related to sustained low-grade inflammation. Therefore, relative HGS seems to
be more appropriate as an inflammatory related marker. In this regard, we used relative HGS and were able to demonstrate an
inverse relationship between hs-CRP and muscle strength in postmenopausal women.

Loss of muscle mass and strength is a natural phenomenon of aging, but it does not progress at the same rate in men
and women.35 Women tend to have a sharp decline in muscle strength in the 5th and 6th decades of age, especially after
menopause.36 Previous studies have documented that several factors including physical inactivity, low-grade

Figure 1 Mean hs-CRP value according to relative handgrip strength quartiles. P value was calculated using the ANOVA test.

Table 2 Odds Ratios and 95% Confidence Intervals for High hs-CRP According to Relative Hand Grip Strength
Quartiles in Postmenopausal Women

Relative Hand Grip Strength (kg/BMI) Quartile

Q1, <0.810 Q2, 0.810–0.968 Q3, 0.969–1.119 Q4, >1.119

Unadjusted 3.148 (2.240–4.424) 1.893 (1.349–2.655) 1.745 (1.240–2.456) 1

Model 1 3.318 (2.295–4.798) 1.921 (1.360–2.714) 1.824 (1.294–2.569) 1
Model 2 3.266 (2.227–4.789) 1.834 (1.291–2.605) 1.841 (1.308–2.592) 1

Notes: Model 1: Adjusted for age, hypertension, diabetes mellitus, and dyslipidemia. Model 2: Adjusted for age, hypertension, diabetes mellitus,
dyslipidemia, education, household income, physical activity, strength exercise, smoking, and alcohol ingestion.
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inflammation, protein malnutrition, and oxidative stress may contribute to sarcopenia in postmenopausal women.9,37 It
has been postulated that the underlying mechanism, which could explain the association between high hs-CRP and HGS
is chronic low-grade inflammation. Chronic low-grade inflammation is well known to impair muscle health through
direct or intermediary mechanisms. The ubiquitin proteasome system, which is the predominant pathway to induce
protein-degrading in muscle, is activated by chronic low-grade inflammation.38 Furthermore, muscle regenerative
capacity is diminished with chronic inflammation because intramuscular inflammatory signaling could disrupt satellite
cells, which play a key role in restoring injured muscles.39 In addition, oxidative stress might increase nuclear factor-κB
(NF-κB) activity, which is involved in chronic inflammation-induced skeletal muscle degeneration.40

Low-grade chronic inflammation has been considered to play a key role in the pathogenesis of age-related diseases,
such as CVD, metabolic syndrome, and cancers. Inflammatory cytokines and markers are often used to detect chronic
low-grade inflammation, but laboratory testing is not always possible in some clinical settings. Our study suggests that
relative HGS could be a simple and useful indicator that might help predict low-grade chronic inflammation in
postmenopausal women.

Limitations of the study should be acknowledged. Our study is of cross-sectional design, which does not provide
a causal explanation for the results. Therefore, long-term cohort studies are required to identify any cause-and-effect
relationship between hs-CRP and relative HGS. Second, since the KNHANES was observational and collected using
a cross-sectional design, other inflammatory markers such as interleukin-6 and tumor necrosis factor-α could not be
evaluated. Evaluating the relationship between muscle strength and other inflammatory cytokines may help increase the
reliability of the results. In addition, since various rheumatic diseases were not excluded from the study sample due to
limitation of data, this may act as a confounding variable. Fourth, some potential residual confounding factors such as
medication (aspirin or NSAIDs) history that affect hs-CRP level were not considered in the multiple logistic regression
analysis model due to lack of information. Finally, we stratified relative HGS according to BMI, but it is still correlated
with body size indexes, such as weight, height, and BMI. Other strategies are required to develop new HGS indices that
are not correlated with body size instead of relative HGS. Nevertheless, this study is meaningful in that it shows a strong
negative association between inflammatory marker and relative HGS adjusted for BMI.

Conclusion
In conclusion, relative HGS was inversely and independently associated with high hs-CRP level, suggesting it could be
a useful tool for assessing low-grade inflammation in postmenopausal women. Relative HGS is easily measured and can
be used as a quantitative tool for physicians to regularly monitor inflamm-aging and sarcopenia in postmenopausal
women.

Abbreviations
CI, confidence interval; CRP, c-reactive protein; CVD, cardiovascular diseases; HDL, high-density lipoprotein; HGS,
relative handgrip strength; Hs-CRP, high sensitivity C-reactive protein; KNHANES, Korean National Health and
Nutrition Survey; ORs, odds ratios; SE, standard error.
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