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ORIGINAL STUDY
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Abstract
Objective: Lowmuscle strength and obesity lead to a higher risk of chronic kidney disease (CKD). Perimenopause is asso-

ciatedwith a natural decline inmuscle strength and an increase in visceral adiposity. Dynapenic obesity, which is the coexistence
of low muscle strength and obesity, is expected to synergistically increase the prevalence of CKD in postmenopausal women.
The aim of this study was to determine combined associations of dynapenia and obesity with CKD in postmenopausalwomen.

Methods: This study used data from the Korean National Health and Nutrition Examination Survey, 2016 to 2019.
The study included 4,525 postmenopausal women aged 42 to 80 years that were classified into four groups based on
waist circumference (≥85 cm) and hand grip strength (<18 kg): normal, dynapenic, obese, or dynapenic-obese. Accord-
ing to the Kidney Disease: Improving Global Outcomes, we defined CKD as an estimated glomerular filtration
rate <60mL/min per 1.73m2. Complex sample logistic regressionmodelswere conducted to determine the relationships
among coexistence of dynapenia, abdominal obesity, and the risk of CKD.

Results: Dynapenic-abdominal obese group displayed lower estimated glomerular filtration rate levels than other groups
(P < 0.05 for all data). The prevalence rates of CKDwere 15.5%, 7.8%, 6.2%, and 2.4% in the dynapenic-abdominal obese,
dynapenic, abdominal obese, and normal groups, respectively (P< 0.001). Complex sample logistic regression analyses, after
adjusting for age, height, health behaviors, and comorbidities, showed that the odds ratio for CKD with respect to
dynapenic-abdominal obesity was 1.82 (95% confidence interval, 1.19-2.79) and to abdominal obesity was 1.54 (95%
confidence interval, 1.07-2.22) than in the normal group.

Conclusions: This study demonstrated that dynapenic-abdominal obesity, as determined by low handgrip strength
and high waist circumference values, was associated with increased risk of CKD in postmenopausal women.
Key Words: Estimated glomerular filtration rates – Handgrip strength – Sarcopenia – Waist circumference.
arcopenia, recently redefined as an age-related skeletal
Smuscle disorder,1 is now formally considered as a muscle
disease (muscle failure) with the International Classification

of Diseases, Tenth Revision, Clinical Modification diagnosis code,2

and it is reportedly associated with physical disability and increased
mortality risk.3 Recently, lowmuscle strength has been highlighted
as a primary indicator of sarcopenia by EWGSOP2 (European
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Working Group on Sarcopenia in Older People)1; the decrease in
muscle strength is more rapid than the loss of muscle mass.4,5 Loss
of muscle strength is reported to be more strongly associated with
detrimental health outcomes, including physical disability and
mortality, than with loss of muscle mass.6-8

Recent data suggest that approximately 10% of the population
worldwide has chronic kidney disease (CKD),9 a noncommunicable
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DYNAPENIC-ABDOMINAL OBESITY AND CKD
disease that has contributed themost to global increases inmorbidity
and mortality in the past 20 years.10 Age-related loss of muscle
strength, referred to as dynapenia, has been reported to be asso-
ciated with renal dysfunction, including CKD,11-13 which is also
associatedwith skeletal muscle impairment. It should be noted that
muscle strength decreases with advancing age, and this decrease is
more prevalent among older women than among older men.4,14

In women, estrogen deficit with menopause interacts with the
aging process to accelerate the loss of muscle strength as well as
muscle mass.15-17 Furthermore, decreased estrogen level in post-
menopausal women is associated with unfavorable changes in
body composition, especially the redistribution of fat to the visceral
area, which predisposes these women to abdominal obesity.18,19

Similar to the loss of muscle strength, obesity is also associated
with hemodynamic, structural, physiological, and pathological
changes in the kidney,20 leading to an increased risk of CKD
progression.21,22 Considering that poor muscle strength and obe-
sity impose higher risk factors for CKD separately, the coexistence
of both conditions (dynapenic-abdominal obesity) may increase
the negative impact on renal function and enhance the progression
of CKD, especially in postmenopausal women.
Therefore, in this study, we aimed to examine the association

between dynapenic-abdominal obesity and CKD among post-
menopausal women, who are known to have decreased muscle
strength and increased abdominal obesity, using data from a na-
tional representative sample of postmenopausal women.

METHODS

Data base and study population
This study used data from a nationwide population-based sur-

vey, the Korea National Health and Nutrition Examination Sur-
vey (KNHANES), conducted from 2016 to 2019. The database
was developed through a series of nationwide cross-sectional,
population-based surveys with nationally representative sam-
ples from the noninstitutionalized civilian population of South
Korea, using a stratified and multistage probability cluster de-
sign.23 This study included data from collecting information on
health-related behaviors, anthropometric measures, and biochem-
ical and clinical profiles with three component surveys: a health
interview, health examination, and nutrition survey. The health in-
terview and health examination were conducted by well-trained
medical staff and interviewers at the mobile examination center.
One week after the health interview and health examination sur-
veys, nutrition survey was performed through home visits to the
households of participants.
Data from the KNHANES 2016-2019 included 14,481 adult

women (aged ≥19 years) and 6,782 postmenopausal women.
Postmenopausal status is defined as the cessation of menstrua-
tion for ≥1 year and is reported on the questionnaire.24 Of the
6,082 participants with natural menopausal status, we excluded
participantswho hadmissing data for important analytic variables
including dynapenic-abdominal obesity (ie, handgrip strength
and/or waist circumference [WC], n = 311), estimated glomerular
filtration rate (eGFR; serum creatinine level, n = 129), and other
covariates (health questionnaires and anthropometric variables,
n = 360). We also excluded those with fasting blood samples of
<8 hours (n = 264) and/or implausible energy intake (<500 or
>4,000 kcal/d) (n = 493). Overall, 4,525 postmenopausal women
were included in the analysis (Fig. 1). All participants provided
written informed consent, and the KNHANES study was ap-
proved by the institutional review board of the Korea Centers
for Disease Control and Prevention (approval nos. January 3,
2018-P-A and January 3, 2018-C-A).

Groups classification
Theparticipantswere divided into four groups (normal, dynapenic,

abdominal obese, and dynapenic-abdominal obese) according to their
WCandmuscle strength (handgrip strength) values as per the follow-
ing criteria: Dynapenia was defined as handgrip strength <18 kg in
women, according to the criteria recommendedby theAsianWorking
Group for Sarcopenia.25 Abdominal obesity was defined as WC
≥85 cm in women according to the criteria of the Korean Society
for the Study of Obesity.26,27 Dynapenic-abdominal obesity was
defined as a combination of dynapenia and abdominal obesity.

Clinical and biomedical measurements
Blood pressure (BP) was measured in triplicate using a mercury

sphygmomanometer (Baumanometer Wall Unit 33, Baum,
Copiague, NY) after resting in the sitting position for at least
5 minutes. The mean values of the second and third BP measure-
ments were used for the analysis. Hypertension was defined as
systolic/diastolic BP≥140/90mmHg or the use of antihypertensive
medication. Blood sampleswere obtained fromeach participant after
fasting for at least 8 hours. The serum concentrations of cholesterol,
triglycerides, creatinine, and fasting plasma glucose concentrations
were determined using standard biochemical techniques. Diabetes
mellitus was defined as fasting blood glucose ≥126 mg/dL, cur-
rently taking diabetes treatment (medication or injection), or a previ-
ous diagnosis by a physician. Dyslipidemiawas defined as total cho-
lesterol ≥240 mg/dL or the use of antihyperlipidemic medication.

Waist circumference and handgrip strength
Waist circumference was measured to the nearest 0.1 cm during

exhalation at the midaxillary line on the horizontal plane midpoint
between the inferior costal margin and the iliac crest using a mea-
suring tape (SECA 200, SECA). Waist circumference was mea-
sured three times, and the mean value was used in the analysis.
Handgrip strengthwasmeasured for each participant using a digital
handgrip dynamometer (TKK 5401; Takei Scientific Instruments
Co, Ltd, Tokyo, Japan).28 In a standing positionwith the arms fully
extended, participants were instructed to squeeze the dynamome-
ter with the distal interphalangeal finger joints of the hand at 90°
as firmly as they could for less than 3 seconds. Handgrip strength
was measured three times each with the left and right handswith a
resting interval of 1 minute between each measurement; the maxi-
mum value (of all six attempts) was used in the analysis.

Assessment of renal function and CKD definitions
The eGFR, an indicator of renal function,29 was determined

using the Chronic Kidney Disease Epidemiology Collaboration
equation: for women with a serum creatinine level ≤0.7 mg/dL,
eGFR (mL/min per 1.73 m2) = 144� (serum creatinine/0.7)−0.329�
(0.993)Age; for women with a serum creatinine level >0.7 mg/dL,
eGFR = 144� (serum creatinine/0.7)−1.209� (0.993)Age.30 Chronic
Menopause, Vol. 29, No. 9, 2022 1041



FIG. 1. Flowchart for inclusion and exclusion of study participants. KNHANES, Korean National Health and Nutrition Examination Survey.
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kidney disease was defined as an eGFR less than 60 mL/min per
1.73 m2 (<50% of normal renal function), according to the Kidney
Disease: Improving Global Outcomes (KDIGO) criteria.31

Health-related behaviors
The participants were categorized as “nonsmoker or former

smoker” or “current smoker,” based on their smoking habit. Al-
cohol consumption was defined as drinking at least one glass of
alcohol every month over the previous year. Strength exercise
habit was defined as performing any kind of strength exercise,
including push-ups, sit-ups, weightlifting, and pull-ups, twice
or more per week in the most recent week.

Statistical analysis
We used a complex survey design with two-stage stratified,

random, and cluster sampling. Participant characteristics were
expressed as weighted mean and SE for continuous variables
and as weighted percentages (%) for categorical variables.
To evaluate the combined effects of dynapenia and abdominal

obesity on CKD, we created four groups as combined categorical
variables: nondynapenic and nonabdominal obese (reference; ie,
normal), dynapenic and nonabdominal obese (ie, dynapenia alone),
nondynapenia and abdominal obese (ie, abdominal obesity alone),
and dynapenic and abdominal obese (ie, dynapenic-abdominal
obesity). The statistical significance of dynapenia and abdomi-
nal obesity status was determined using Rao-Scottχ2 tests with
a residual analysis for categorical variables and complex sample
linear regression followed by Bonferroni post hoc test for con-
tinuous variables. Complex sample logistic regression models,
which provided the odds ratios (ORs) and 95% confidence intervals
(CIs), were used to predict the risk of CKD from dynapenia and/or
abdominal obesity. To assess the effects of potential confound-
ing factors, three sequential logistic regressions were developed:
model 1 was adjusted for demographic factors (age and height);
model 2 was adjusted for health-related behaviors (smoking, al-
cohol consumption, energy/protein intake, and resistance exer-
cise) in addition to the model 1 covariates. Also, model 3 was
1042 Menopause, Vol. 29, No. 9, 2022
additionally adjusted for comorbidities (hypertension, diabetes,
and dyslipidemia), which is a common traditional risk factor for
CKD.32,33 All statistical analyses were performed using IBM
SPSS Statistics 26.0 (IBM Inc, Chicago, IL), and statistical sig-
nificance was defined as P < 0.05.

RESULTS

Demographic and clinical characteristics of the participants
The characteristics of the participants are presented in Table 1.

Themean age of the participantswas 63.9 (SE, 0.2) years, and the
mean menopausal age was 50.1 (0.1). The mean eGFR level was
87.4 (0.3), and the prevalence of CKD (as defined by eGFR
<60mL/min per 1.73m2) was 5.0% in the total population. Over-
all, 920 participants (19.1%) had diabetes mellitus, 2,148 partic-
ipants (48.1%) had dyslipidemia, and 2,730 participants (57.3%)
had hypertension.

Among 4,525 postmenopausal women, 466 participants (9.4%)
had dynapenia (as defined by handgrip strength <18 kg), 1,337
participants (29.0%) had abdominal obesity (WC ≥85 cm), and
387 (7.6%) had dynapenic-abdominal obesity. There were signifi-
cant differences in the age, menopause age, body composition,
handgrip strength, blood biochemical factors, BP, and nutrient status
(all P < 0.001 by complex sample linear regression). Specifically,
complex sample linear regression followed by Bonferroni post hoc
test showed that postmenopausal women with dynapenic-abdominal
obesity were significantly older and have lower high-density li-
poprotein cholesterol and eGFR levels than in the other groups
(all P < 0.05). The Rao-Scottχ2 test showed that there were sig-
nificant differences in the frequencies of alcohol consumption,
resistance exercise habit, and prevalence of diabetes mellitus,
dyslipidemia, and hypertension (P< 0.001 for all data). In addition,
residual analysis showed that the proportion of postmenopausal
women with dynapenic-abdominal obesity reporting “alcohol con-
sumption <1 glass per year” and “regular resistance exercise <2
times per week”was significant (adjusted residual = 2.5 and 2.8, re-
spectively). The dynapenic-abdominal obesity group also showed
significant contribution of diabetes mellitus (36.1%), dyslipidemia
© 2022 The Author(s)



TABLE 1. Demographic characteristics of the participants according to presence of abdominal obesity and dynapenia
among postmenopausal women

Variables
Overall

(n = 4,525)
Normal

(n = 2,335)
Dynapenic
(n = 466)

Abdominal obese
(n = 1,337)

Dynapenic-abdominal
obese (n = 387) P

Age, y 63.9 ± 0.2 61.0 ± 0.2 70.1 ± 0.6a 65.0 ± 0.3a,b 72.4 ± 0.5a,b,c <0.001d

Menopause age, y 50.1 ± 0.1 50.2 ± 0.1 49.1 ± 0.3a 50.2 ± 0.1b 49.8 ± 0.3 <0.001d

Height, cm 154.8 ± 0.1 155.7 ± 0.1 150.4 ± 0.4a 155.4 ± 0.2b 151.5 ± 0.3a,c <0.001d

Weight, kg 57.6 ± 0.1 54.3 ± 0.1 49.8 ± 0.4a 65.5 ± 0.2a,b 60.8 ± 0.4a,b,c <0.001d

Body mass index, kg/m2 24.0 ± 0.1 22.4 ± 0.1 22.0 ± 0.1a 27.1 ± 0.1a,b 26.5 ± 0.2a,b,c <0.001d

Waist circumference, cm 82.3 ± 0.2 76.9 ± 0.1 76.6 ± 0.3 91.7 ± 0.2a,b 91.2 ± 0.3a,b <0.001d

Waist circumference <85 cm, n (%) 2,801 (63.4) 2,335 (100.0) 466 (100.0) 0 (0.0) 0 (0.0)
Waist circumference ≥85 cm, n (%) 1,724 (36.6) 0 (0) 0 (0.0) 1,337 (100.0) 387(100.0)

HGS, kg 22.3 ± 0.1 23.8 ± 0.1 15.1 ± 0.1a 23.8 ± 0.1b 15.0 ± 0.1a,c <0.001d

Normal muscle strength (HGS ≥18), n (%) 3,672 (83.0) 2,335 (100) 0 (0.0) 1,337 (100.0) 0 (0.0)
Low muscle strength (HGS <18), n (%) 853 (17.0) 0 (0) 466 (100.0) 0 (0.0) 387(100.0)

Total cholesterol, mg/dL 199.4 ± 0.7 203.8 ± 1.0 194.2 ± 2.2a 196.3 ± 1.4a 186.5 ± 2.3a,c <0.001d

Triglyceride, mg/dL 127.2 ± 1.4 115.9 ± 1.6 119.2 ± 3.6 145.5 ± 3.1a,b 147.0 ± 4.6a,b <0.001d

Triglyceride/HDL cholesterol 2.71 ± 0.04 2.36 ± 0.46 2.57 ± 0.10 3.23 ± 0.10a,b 3.42 ± 0.13a,b <0.001d

HDL cholesterol,f mg/dL 53.0 ± 0.2 55.3 ± 0.3 52.0 ± 0.7a 50.5 ± 0.4a 47.5 ± 0.7a,b,c <0.001d

Fasting glucose, mg/dL 103.1 ± 0.4 98.9 ± 0.4 101.0 ± 1.2 110.0 ± 1.0a,b 109.5 ± 1.2a,b <0.001d

Serum creatinine, mg/dL 0.727 ± 0.004 0.713 ± 0.005 0.733 ± 0.018 0.737 ± 0.009a 0.786 ± 0.017a,c <0.001d

CRP,e mg/dL 0.12 ± 0.00 0.10 ± 0.01 0.14 ± 0.01a 0.14 ± 0.01a 0.16 ± 0.01a <0.001d

Systolic blood pressure, mm Hg 124.6 ± 0.4 121.6 ± 0.5 127.8 ± 1.1a 127.5 ± 0.6a 131.2 ± 1.1a,c <0.001d

Diastolic blood pressure, mm Hg 75.0 ± 0.2 75.2 ± 0.2 72.0 ± 0.5a 76.1 ± 0.3a,b 73.0 ± 0.6a,c <0.001d

Caloric intake, kcal/d 1,553.2 ± 10.2 1,595.1 ± 13.7 1,397.8 ± 27.4a 1,569.8 ± 19.7b 1,383.5 ± 29.0a,c <0.001d

Protein intake, g/d 53.8 ± 0.5 56.6 ± 0.6 45.3 ± 1.2a 53.8 ± 0.9a,b 44.0 ± 1.2a,c <0.001d

Fat intake, g/d 29.6 ± 0.4 32.0 ± 0.5 24.0 ± 1.0a 29.0 ± 0.7a,b 21.9 ± 1.2a,c <0.001d

eGFR, mL/min per 1.73 mb <0.001g

Normal renal function (eGFR ≥60), n (%) 4,265 (95.0) 2,266 (97.6)h 428 (92.2) 1,247 (93.8) 324 (84.5)
Decreased renal function (eGFR <60), n (%) 260 (5.0) 69 (2.4) 38 (7.8)h 90 (6.2)h 63 (15.5)h

Health-related behaviors
Alcohol consumption, n (%) <0.001g

No 3,338 (72.1) 1,646 (68.9) 383 (82.4)h 991 (72.9) 318 (78.7)h

Yes 1,187 (27.9) 689 (31.1)h 83 (17.6) 346 (27.1) 69 (21.3)
Current smoker, n (%) 0.890
No 4,385 (96.4) 2,260 (96.1) 456 (96.6) 1,293 (96.7) 376 (96.7)
Yes 140 (3.6) 75 (3.9) 10 (3.4) 44 (3.3) 11 (3.3)

Regular resistance exercise, n (%) <0.001g

No 3,935 (86.0) 1,933 (81.9) 437 (93.5)h 1,202 (89.6)h 363 (91.4)h

Yes 590 (14.0) 402 (18.1)h 29 (6.5) 135 (10.4) 24 (8.6)
Comorbidities
Diabetes mellitus, n (%) <0.001g

No 3,605 (80.9) 2,048 (88.6)h 378 (80.8) 935 (71.2) 244 (63.9)
Yes 920 (19.1) 287 (11.4) 88 (19.2) 402 (28.8)h 143 (36.1)h

Dyslipidemia, n (%) <0.001g

No 2,377 (51.9) 1,354 (57.5)h 288 (60.9)h 581 (41.7) 163 (39.3)
Yes 2,148 (48.1) 990 (42.5) 178 (39.1) 756 (58.3)h 224 (60.7)h

Hypertension, n (%) <0.001g

No 1,795 (42.7) 1,153 (52.2)h 187 (41.2) 379 (9.1) 76 (20.1)
Yes 2,730 (57.3) 1,182 (47.8) 279 (58.8) 958 (68.7)h 311 (79.9)h

Data presented as weighted mean ± SE or weighted percentages.
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HGS, handgrip strength.
aP < 0.05 versus normal.
bP < 0.05 versus dynapenic.
cP < 0.05 versus abdominal-obese.
dCalculated using complex sample linear regression followed by Bonferroni post hoc test.
eCRP: n = 3,226.
fHigh-density lipoprotein cholesterol: n = 4,523.
gCalculated using Rao-Scottχ2 test, supplemented by a residual analysis. Bold font indicates significant contribution to the Rao-Scottχ2 test result at absolute adjusted
residual >2.0.
hAdjusted residual >2.0.

DYNAPENIC-ABDOMINAL OBESITY AND CKD
(60.7%), and hypertension (79.9%) (adjusted residual = 6.7, 4.6, and
10.3, respectively).

Prevalence of CKD according to dynapenia and
abdominal obesity
The combined influence of dynapenia and abdominal obesity on

eGFR levels (Fig. 2A) and prevalence of CKD (Fig. 2B) is shown in
Figure 2. The eGFR levels (mL/min per 1.73 m2) were 78.2 (1.2),
83.9 (0.9), 85.9 (0.5), and 90.1 (0.3) in the dynapenic-abdominal
obese, dynapenic, abdominal obese, and normal groups, respectively.
Complex sample linear regression showed that the eGFR levelswere
significantly associated with presence of dynapenia and abdominal
obesity (P < 0.001). Dynapenic and abdominal obese groups pre-
sented lower eGFR levels than normal group (P < 0.05 for both
Menopause, Vol. 29, No. 9, 2022 1043



FIG. 2. Estimated glomerular filtration rate (eGFR) levels (A) and prevalence of chronic kidney disease (CKD) (B) among dynapenic-abdominal obese,
dynapenic nonabdominal obese, nondynapenic abdominal obese, nondynapenic and nonobese (normal) groups. P values were evaluated by complex
samples regression models for eGFR levels and Rao-Scott χ2 tests for prevalence of CKD (%). *Calculated using complex sample linear regression
followed by Bonferroni post hoc test. aP < 0.05 versus normal; bP < 0.05 versus dynapenic; cP < 0.05 versus abdominal-obese. †Calculated using
Rao-Scott χ2 test supplemented by a residual analysis. dAdjusted residual >2.0. The Rao-Scott χ2 test showed that the prevalence of CKD was
significantly associated with the presence of dynapenia and abdominal obesity (P < 0.001). Residual analysis showed that the prevalence of CKD was
significantly low in the normal group (adjusted residual = −18.0), whereas the prevalence of CKD was significantly high in dynapenic, abdominal obese,
and dynapenic-abdominal obese groups (adjusted residual = 4.2, 5.5, and 7.9, respectively).
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data). Of note, dynapenic-abdominal obese group displayed lower
eGFR levels than other groups (P < 0.05 for all data). In contrast,
the prevalence rates of CKDwere 15.5%, 7.8%, 6.2%, and 2.4% in
the dynapenic-abdominal obese, dynapenic, abdominal obese, and
normal groups, respectively. The Rao-Scottχ2 test showed that the
prevalence of CKD was significantly associated with presence of
dynapenia and abdominal obesity (P< 0.001). In addition, residual
analysis showed that the prevalence of CKD was significantly
low in the normal group (adjusted residual = −18.0), whereas the
prevalence of CKDwas significantly high in dynapenic, abdom-
inal obese, and dynapenic-abdominal obese groups (adjusted
residual = 4.2, 5.5, and 7.9, respectively).

Odds ratio of CKD according to dynapenia and
abdominal obesity
Complex sample logistic regression analyses were conducted to

investigate the association between the coexistence of dynapenia
and abdominal obesity and the risk of CKD (Table 2). Compared
with the normal group, the unadjusted ORs of CKD in the
dynapenic, abdominal obese, and dynapenic-abdominal obese
groups were 3.47 (95% CI, 2.22-5.42), 2.70 (95% CI, 1.90-3.85),
and 7.49 (95% CI, 4.89-11.49), respectively. The OR for CKD
was attenuated but remained significant in abdominal obese and
dynapenic-abdominal obese groups after adjusting for con-
founding variables including age, height, current smoking, alcohol
TABLE 2. Odds ratios for CKD by obesity

Normal
(n = 2,335)

Dynapenic
(n = 466)

No. of CKD 69 38
Unadjusted 1 (Reference) 3.47 (2.22-5.42)
Model 1 1 (Reference) 1.02 (0.64-1.63)
Model 2 1 (Reference) 1.03 (0.65-1.65)
Model 3 1 (Reference) 1.05 (0.65-1.67)

Values presented as odds ratio (95% confidence interval). Model 1: adjusted for age a
tion, energy/protein intake, and resistance exercise. Model 3: adjusted for age, height,
and comorbidities (hypertension, diabetes, and dyslipidemia). Bold indicates statistic
CKD, chronic kidney disease.
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consumption, energy/protein intake, resistance exercise, and comor-
bidities inmodel 3; the risk of CKDwas nearly 1.5-fold higher in the
abdominal obese group (OR, 1.54; 95%CI, 1.07-2.22;model 3) and
1.8-fold higher in the dynapenic-abdominal obese group (OR, 1.82;
95% CI, 1.19-2.79; model 3) than in the normal group. However,
there was no statistically significant association between
dynapenia and CKD after adjusting for confounding variables
(OR, 1.05; 95% CI, 0.65-1.67; model 3).

DISCUSSION
In this study, we examined the association between the co-

existence of low muscle strength and abdominal obesity, a
condition referred to as dynapenic-abdominal obesity, and
the incidence of CKD in a representative sample of Korean
postmenopausal women. We found that the dynapenic-abdominal
obese group displayed significantly lower eGFR levels compared
with normal, dynapenic, abdominal-obese groups in postmeno-
pausal women. Moreover, the dynapenic-abdominal obese group
was independently associated with a higher risk of CKD, even af-
ter adjusting for confounding variables including age, height,
health behaviors (current smoking status, alcohol consumption,
energy/protein intake, and resistance exercise), and comorbidities
(hypertension, diabetes, and dyslipidemia).

Menopause is associated with a natural decline in estrogen levels,
which is related to an increase in visceral adipose tissue34,35 and
and dynapenic categories (n = 4,525)

CKD (+)

Abdominal obese
(n = 1,337)

Dynapenic-abdominal obese
(n = 387)

90 63
2.70 (1.90-3.85) 7.49 (4.89-11.49)
1.62 (1.13-2.33) 1.93 (1.26-2.95)
1.62 (1.13-2.33) 1.95 (1.27-2.99)
1.54 (1.07-2.22) 1.82 (1.19-2.79)

nd height. Model 2: adjusted for age, height, current smoking, alcohol consump-
current smoking, alcohol consumption, energy/protein intake, resistance exercise,
al significance at P < 0.05 compared with reference (normal group).

© 2022 The Author(s)
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a decrease in skeletal muscle mass and strength.15,16 Indeed,
postmenopausal women show higher visceral adipose tissue
than premenopausal women,34 leading to abdominal obesity.
Population-based studies have shown that WC, not body mass
index (BMI), is a better predictor of CKD.36,37 These studies
suggest that abdominal adiposity measured with WC may be
valuable as a component of obesity to predict decline in renal
function and CKD risk, especially in postmenopausal women.
Furthermore, recent evidence by EWGSOPS2 adopted low
muscle strength, not low muscle mass, as a principal determi-
nant of sarcopenia, because muscle strength is considered to
be a better predictor of adverse health outcomes.6-8 Sarcopenia,
as defined by muscle mass (ie, appendicular skeletal muscle
mass/body weight), was not associated with CKD in women, but
there was a significant association between sarcopenia and CKD
in men.38 A recent study by Hong et al39 using KNHANES data
reported an independent association between sarcopenic obesity
and renal dysfunction in postmenopausal women; however, their
study failed to find any relationship between sarcopenia or obesity
alone and the risk of CKD. Such discrepancies may be due to the
use of different criteria for the definition of sarcopenic obesity
(ie, muscle mass and BMI). The major strength of our study is that
we adopted handgrip strength andWC, which would be suitable to
define dynapenic-abdominal obesity for predictingCKDinpostmen-
opausal women. Furthermore, our results revealed that low muscle
strength, increased WC, and the combined effects of dynapenic-
abdominal obesity have independent risks for increased CKD.
Our results provide compelling evidence that muscle strength
coupled with WC could be a superior predictor of an increase
in CKD risk in postmenopausal women.
To date, the underlying mechanisms of the association be-

tween dynapenic obesity and CKD in postmenopausal women
remain unclear. It has been suggested that individuals with obe-
sity40 or low muscle strength41 seem to have elevated levels of
inflammatory markers. Interestingly, Schrager et al42 reported
that low handgrip strength and high WC seem to have higher
C-reactive protein, interleukin-6, and interleukin-1 levels. Specif-
ically, their study pointed out that abdominal obesity (as defined
byWC) promotesmore inflammation than general obesity (as de-
fined by BMI) and that abdominal obesity contributes negatively
to muscle strength, ultimately leading to dynapenic-abdominal
obesity. Systemic inflammation results in increased insulin resis-
tance, which in turn amplifies inflammation. Systemic inflammation
and insulin resistance have been suggested to contribute syner-
gistically to impairment of renal function.43,44 Here, we found
that C-reactive protein levels in postmenopausal women with
dynapenic-abdominal obesity were the highest among the four
groups. Furthermore, we clearly showed that the triglyceride/
high-density lipoprotein cholesterol ratio, a surrogate marker of
insulin resistance,45 was highest in postmenopausal women with
dynapenic-abdominal obesity compared with the other groups.
Therefore, inflammation and insulin resistance induced by dynapenic-
abdominal obesity may be partly responsible for renal dysfunction,
leading to an increased risk for CKD.
In addition to dynapenic-abdominal obesity-induced inflamma-

tion and insulin resistance, mitochondrial dysfunction is considered
a key factor in the development of CKD.46,47 It has been reported
that mitochondrial dysfunction in the kidney, including impaired
mitochondrial dynamics with increased mitochondrial fragmenta-
tion,48 reduced efficiency of mitochondrial biogenesis with down-
regulation of peroxisome proliferator-activated receptor-gamma
coactivator-1 alpha,49 and excessive mitochondrial oxidative stress50

are associated with the development and progression of various
kidney diseases, ultimately leading to CKD. In a recent study by
Andres-Hernando et al,51 the authors demonstrated that obese
mice with sarcopenia markedly accelerated the progression of
CKD and that the decrease in renal function was associated with
more severe mitochondrial dysfunction, as indicated by mito-
chondrial numbers, expression of mitochondrial proteins, and in-
tracellular levels of adenosine triphosphate. Thus, mitochondrial
dysfunction induced by dynapenic-abdominal obesity can par-
tially explain the increased risk of CKD in postmenopausal
women. Further studies are needed to clarify the mechanisms (ie,
inflammation, insulin resistance, mitochondrial dysfunction,
etc) underlying the impact of dynapenic-abdominal obesity on
prevalence of CKD in postmenopausal women.

Our study has limitations that should be noted. First, we
could not determine the exact cause-and-effect relationships
for dynapenic-abdominal obesity and CKD because this study
used a cross-sectional design. Second, although most previous
studies have used the term “sarcopenic obesity” based on low
muscle mass and BMI, emerging evidence has highlighted that
lowmuscle strength and abdominal obesity are determinant factors for
predicting CKD. Here, we used a definition of dynapenic-abdominal
obesity, including handgrip strength andWC because these criteria
serve as predictors superior to sarcopenic obesity (as defined by
muscle mass and BMI) for CKD in postmenopausal women.
Third, we could not rule out selection bias because of exclusion
of individuals with missing or implausible data.

CONCLUSIONS
This study is the first to demonstrate the association of

dynapenic-abdominal obesity, as determined by poor muscle
strength and abdominal obesity, with CKD in postmenopausal
women. Although these findings were limited to low handgrip
strength and high WC, the hallmarks of sarcopenia obesity, we
believe that low muscle strength and abdominal obesity were
associated with an increased risk of CKD in postmenopausal
women. Larger longitudinal studies are needed to corroborate
our findings on the impact of dynapenic-abdominal obesity
on CKD in postmenopausal women.
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