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Abstract

Objective This study assessed gender-specific associations between low muscle mass (LMM) and
albuminuria.

Methods Data from the Korea National Health and Nutrition Examination Survey 2011 were
employed. The study consisted of 1,087 subjects (250 years old). Skeletal muscle index (SMI) was
defined as the weight-adjusted appendicular skeletal muscle mass. Mild LMM and severe LMM were
defined as SMI that were 1-2 and >2 standard deviations below the sex-specific mean appendicular
skeletal muscle mass of young adults, respectively. Increased albuminuria was defined as
albumin-to-creatinine ratio 230mg/g

Results Men with mild and severe LMM were significantly more likely to have increased
albuminuria (15.2% and 45.45%, respectively) than men with normal SMI (9.86%, P<0.0001), but
not women. Severe LMM associated independently with increased albuminuria in men (OR=7.661,
95% CI=2.72-21.579) but not women. Severe LMM was an independent predictor of increased
albuminuria in hypertensive males (OR=11.449, 95% CI=3.037-43.156), non-diabetic males
(OR=8.782, 95% Cl=3.046-25.322), and males without metabolic syndrome (MetS) (OR=8.183,
95% Cl=1.539—43.156). This was not observed in males without hypertension, males with diabetes
or MetS, and all female subgroups.

Conclusion Severe LMM associated with increased albuminuria in men, especially those with
hypertension and without diabetes or MetS.

Key words: Low skeletal muscle mass; Albuminuria; Hypertension; Male.

Introduction

Sarcopaenia is characterised by the progressive
loss of muscle mass with aging and associates with
physical disability, metabolic impairment, and
increased mortality [1, 2]. Moreover, several studies
have shown that in the general population,
sarcopaenia associates with arterial stiffness [3], a
higher Framingham risk score [4], and high pulse
pressure [5]. In addition, a recent report showed that a

measure of sarcopaenia was predictive of future
adverse events in patients with heart failure [6]. These
findings suggest that sarcopenia associates with
cardiovascular disease (CVD).

Albuminuria is a well-known risk factor for not
only chronic kidney disease but also CVD. For
example, it associates with increased cardiovascular
and all-cause mortality in both the general population

http://www.medsci.org



Int. J. Med. Sci. 2017, Vol. 14

1055

and in patients with diabetes or hypertension [7-9].
Notably, in the general population, microalbuminuria
is more common in men than in women [10, 11].
Moreover, in patients with an increased risk of
chronic kidney disease (such as those with diabetes or
hypertension), albuminuria correlates more strongly
with cardiovascular morbidity [12] and mortality [13]
in males than in females. Similarly, experimental
studies show that male mice are more predisposed to
hypertension-related renal damage than females: this
effect is independent of blood pressure [14].
Altogether, these data suggest that males are more
predisposed to CVD and renal disease and that there
is a gender difference in the association between
cardiovascular risk factors and albuminuria.

In this cross-sectional study, we investigated the
association between albuminuria and low skeletal
muscle mass in a representative sample of the Korean
population. We hypothesized that there would be a
gender-specific association between low skeletal
muscle mass and albuminuria and then assessed by
subgroup analyses whether this association differed
in the male and female subjects who had diabetes,
hypertension, or metabolic syndrome (MetS), all of
which relate closely to CVD.

Materials and Methods

Study participants

The Korea National Health and Nutrition
Examination Survey (KNHANES) is a nationwide,
population-based, and cross-sectional survey that has
been conducted regularly since 1998 by the Division
of Chronic Disease Surveillance of the Korea Centers
for Disease Control and Prevention in the Ministry of
Health and Welfare. Its aim is to monitor the general
health and  nutritional status of  the
non-institutionalized civilian population of South
Korea [15]. Thus, every year, 10,000-12,000
individuals from 4,600 households are selected as
representative Koreans by using a multi-stage
clustered and stratified random sampling method that
is based on national census data. The surveys consist
of three components that each individual must
complete, namely, a health interview, a nutritional
questionnaire, and a health examination. The health
and nutritional data are collected by interviews held
in the home, while the health examination involves
thorough standardized physical examinations that are
conducted at mobile examination centers. Written
informed consent is secured from all participants
before the study starts. All KNHANES are conducted
after receiving ethical approval from the Institutional
Review Board of the Korea Center for Disease Control
and Prevention: the ethics approval numbers that are

relevant to this study are 2008-04EXP-01-C,
2009-01CON-03-2C, 2010-02CON-21-C, and
2011-02CON-06C. The KNHANES database is
publicly available at the KNHANES web site
(http:/ /knhanes.cdc.go.kr, available in Korean). This
study was conducted in accordance with the ethical
guidelines set down in the Declaration of Helsinki
(1975).

In the 2008-2011 KNHANES, dual-energy x-ray
absorptiometry (DXA) was performed. In addition, in
the 2011 KNHANES, urine albumin levels were
measured. Therefore, for the present study assessing
the effect of gender on the relationship between
sarcopaenia and albuminuria in the 2011 study, we
employed the data from the 2011 KNHANES.

Of the 10,589 people who participated in the
2011 KNHANES, 2,757 participants aged 18 years or
older were tested for urine ACR and for body
composition by using DXA. As shown in Figure 1,
only subjects aged 50 years or older were included in
this analysis (N=1,292). Premenopausal women
(N=37), subjects with chronic liver diseases (hepatitis
B, hepatitis C, and liver cirrhosis), chronic renal
diseases, neoplastic diseases, and thyroid diseases (N
=151), and subjects with missing skeletal muscle mass
data (N=17) were excluded. The remaining 1,087
subjects (492 males and 595 postmenopausal females)
were included in the study.

Lifestyle factors and anthropometric
measurements

During the physical examination, the age,
weight, and height of the participant are recorded
along with his or her smoking, drinking, and exercise
habits. Weight (kilograms) and height (centimeters)
were measured while the subject was dressed in light
clothing without shoes. Body mass index (BMI) was
calculated by dividing the patient's weight in
kilograms by his/her height in meters squared.
Smoking habit was categorized into three levels
(never, past, or current), while drinking habit was
indicated as yes when the subject consumed 3 U/d or
greater of alcohol. Exercise was indicated as high
intensity when the subject exercised regularly
(defined as above 20 min per session and three or
more times per week). High intensity exercise
included moderate or vigorous physical activity.
Moderate physical activity consisted of activity which
was more strenuous or made one breathe harder than
usual (e.g., slow swimming, playing tennis doubles,
volleyball, badminton, table tennis, transporting light
objects, etc.). Vigorous physical activity referred to
engaging in intense physical activity which made one
very tired or breathe much harder than usual (e.g.,
running, jogging, mountain climbing, fast cycling, fast
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swimming, playing soccer, playing basketball,
skipping rope, playing squash or singles tennis,
transporting heavy objects, etc.).

Biochemical measurements and clinical
assessments

Blood samples from all participants were
obtained for biochemical analysis during the survey.
The samples were immediately refrigerated,
transported to the Central Testing Institute in Seoul,
Korea, and then analyzed within 24 hours of being
drawn. Serum 25-hydroxyvitamin D (250HD) level
was measured by a radioimmunoassay (Diasorin)
method using a 1470 Wizard Gamma Counter
(PerkinElmer). 250HD deficiency was defined as <20
ng/mL. Serum and urine creatinine levels and plasma
glucose, total cholesterol, high-density lipoprotein
cholesterol (HDL-C), triglyceride, and low-density
lipoprotein cholesterol (LDL-C) levels were measured
by using a Hitachi automatic analyzer 7600. Serum
intact parathyroid hormone (PTH) was measured
using a chemiluminescence immunoassay (N-tact
PTH assay; DiaSorin). The average value of the
interassay coefficient of variation for the PTH assay
was 8.0%. Albuminuria was estimated as urine
albumin-to-creatinine ratio (ACR) from fasting spot

urine samples. Normoalbuminuria and increased
albuminuria were defined as ACR <30 and 230 mg/g,
respectively. Microalbuminuria and macroalbumin-
uria were defined as 30 mg/g < ACR <300 mg/g, and
ACR 2300 mg/ g, respectively.

Subjects were considered to have hypertension if
they had a systolic blood pressure of 140 mmHg or
greater and/or a diastolic blood pressure of 90 mm
Hg or greater or if they were being treated for
hypertension. A subject was deemed to have diabetes
if he or she had a fasting blood glucose of >7.0
mmol/L that was first detected in this survey, used an
antidiabetes medication, or was previously diagnosed
with diabetes by a doctor. Subjects were considered to
have dyslipidaemia if they reported that it had been
diagnosed by a physician. A history of CVD was
defined as a previous stroke, angina, or myocardial
infarction. We wused the National Cholesterol
Education Program-Adult Treatment Panel III criteria
to determine whether MetS was present; the cut-offs
for the Asia-Pacific region were employed [16]. MetS
was considered to be present if three or more of the
following conditions were present: (i)
systolic/diastolic blood pressure >130/85 mmHg or
the subject was on antihypertensive drug treatment,
(ii) fasting serum triglyceride >150 mg/dL, (iii) low
HDL-C (<40 mg/dL in men and 50
mg/dL in women), (iv) waist

Subjects aged 18 years or older, and who had been tested for

DXA among the participants in the 2011 KNHANES
Males, N=1205
Females, N=1552

urine albumin-to-creatinine ratio and for body composition using

circumference >90 cm in men and >80
cm in women, and/or (v) fasting
serum glucose 2100 mg/dL or the
subject used an  antidiabetes

medication. The estimated glomerular

S

Males less than 49 years, N = 653
Females less than 49 years, N =812

filtration rate (eGFR) was calculated
on the basis of the Modification of

Males aged 50 years or older, N =552
Females aged 50 years or older, N = 740

Diet in Renal Disease study equation
[17].

Body composition

Premenopausal females, N =37

measurements

In the KNHANES, body

Subjects with chronic liver diseases

composition was measured at mobile
examination centers by using a DXA
(Discovery QDR 4500W, Hologic Inc,
Belford, MA, USA) that was operated
by licensed trained technicians. The
whole-body DXA exams measured total

and regional lean mass (kg) by using

>
(hepatitis B, hepatitis C and liver
cirrhosis), chronic renal diseases,
neoplastic diseases, and thyroid
diseases, N =151
: Subjects with missing data for

skeletal muscle mass, N=17

fan-beam technology. Different fat

Males aged 50 years or older, N = 492
Females aged 50 years or older, N = 595

Figure 1. Flow chart depicting the disposition of subjects in this study.

variables were measured, namely,
total fat mass in kilograms, percentage
fat mass (expressed as percentage of
total mass), and appendicular skeletal
muscle mass (ASM) in kilograms.
ASM was defined as the sum of the
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lean soft tissue masses of the arms and legs and was
measured by using the method of Heymsfield et al.
[18]. The skeletal muscle mass index (SMI), which was
expressed a percentage, was calculated by using the
following formula: ASM (kg)/weight (kg)x100.
Normal SMI was defined as SMI that was greater than
the gender-specific mean minus one standard
deviation (SD) of a young reference group (aged
20-39) in the KNHANES IV-V. Mild low muscle mass
(LMM) was defined as an SMI that was within one
and two SD below the gender-specific mean of the
young reference group; this was a modification of the
definition provided by previous studies [19, 20].
Severe LMM was defined as SMI values that were
>two SDs below the gender-specific mean of the
young reference group.

Statistical analysis

Continuous variables were expressed as mean +
SD and categorical variables as percentages. The
groups were compared in terms of categorical
variables by using the chi-squared test. The groups
were compared in terms of continuous variables by
using ANOVA for normally distributed continuous
variables and Kruskal-Wallis nonparametric tests for
nonparametric distributed covariates. To determine
whether LMM associated independently with
increased albuminuria, a multiple logistic regression
model was used including variables that showed
statistical significance (P-value <0.05) in a univariate
model (enter method). Odds ratios (OR) and 95%
confidence intervals (CI) for each variable were
determined. P-values of <0.05 were considered to
indicate statistical significance. All statistical analyses
were performed by using PASW statistics 18 (SPSS
Inc., Chicago, IL, USA).

Results

Characteristics of Study Participants
According to Sex

Table 1 described the comparison of
characteristics between male and female sex. Male
subjects were more likely to be young, smoker and
alcohol drinker, and to have regular exercise and
higher calcium and phosphorus intake, and were less
likely to have hypertension and MetS compared with
females. Male subjects had lower BMI, diastolic blood
pressure, total fat mass, total fat percentage, alkaline
phosphatase, intact PTH, TC, HDL-C, and LDL-C
levels and had higher ASM, blood urea nitrogen,
250HD, fasting glucose, triglyceride, and SMI. There
was more percentage of normal SMI in males than in
females. However, the albuminuria excretion amount
was not different between male and female sex.

Table 1. Characteristics of Study Participants According to Sex

Men (n =492) Women (n =595) p-value
Age (years) 63.61+8.86 65.37+9.4 0.002
BMI (kg/m?2) 23.8142.8 24.1943.3 0.041
Current smoker (%) 153(31.55) 30 (5.10) <.0001
Alcohol drinker >3U/d  84(17.07) 6(1.01) <.0001
(%)
Diabetes (%) 75(15.46) 83(14.12) 0.615
Hypertension (%) 178(36.70) 265(45.07) 0.023
Dyslipidaemia (%) 237(51.75) 262(48.88) 0.368
History of CVD (%) 53(10.77) 50(8.40) 0.184
Metabolic syndrome (%) 175(35.57) 285(47.90) <.0001
SBP (mmHg) 127.76+17.62 128.47+17.89 0.513
DBP (mmHg) 77.82+10.5 76.26+10.09 0.013
Estrogen replacement (%) - 74(12.59)
Regular exercise (%) 114(23.17) 109(18.32) 0.049
Calcium intake (mg/day) 556.32+412.73 405.4+287.74 <.0001
Phosphorus intake 1288.51+560.52 915.77+414.08 <.0001
(mg/ day)
Total fat mass (kg) 8.48+3.06 10.87+3.61 <.0001
Total fat percentage (%)  24.93+6.21 35.97+6.98 <.0001
ASM (kg) 20.93+2.88 14.05+1.94 <.0001
eGFR (ml/min/1.73m?)  86.83+16.17 88.4+16.33 0.124
Blood urea nitrogen 15.94+4.41 15.33+4.3 0.026
(mg/dL)
250HD (ng/mL) 18.04£5.83 16.51+6.44 <.0001
Alkaline phosphatase 239.48+78.47 257.44+74.28 0.000
(/L)
Intact PTH 64.48+23.29 67.72427 .54 0.042
UACR (ug/mg) 52.1+332.85 46.38+364.74 0.793
Normoalbuminuria (%)  429(87.20) 525(88.24) 0.873
Microalbuminuria (%) 53(10.77) 59(9.92)
Macroalbuminuria (%) 10(2.03) 11(1.85)
Fasting glucose (mg/dL) 105.04+28.04 101.37+24.42 0.027
HbAlc 6.04£0.92 6.02+0.95 0.789
TC (mg/dL) 189.17+36.46 202.47+37 4 <.0001
Triglyceride (mg/dL) 161.42+138.1 139.04+88.96 0.003
HDL-C (mg/dL) 46.561+12.15 48.61+11.02 0.006
LDL-C (mg/dL) 112.12+33.57 125.59+34.33 0.001
SMI 31662.43+2694.51  24763.9+2734.71  <.0001
Normal SMI (%) 345(70.12) 349(58.66) <.0001
Mild LMM (%) 125(25.41) 174(29.24)
Severe LMM (%) 22(4.47) 72(12.10)

Characteristics of the males and females
according to the muscle mass

Table 2 shows the characteristics of the study
participants after they had been categorized according
to gender and skeletal muscle mass. Thus, the
prevalence of severe LMM was 4.5% in men and
12.1% in postmenopausal women aged 50 years and
older.

Both men and women with severe LMM had
higher BMI, total fat mass, and total fat percentage
compared to the men and women with normal SMI or
mild LMM, respectively. The men and women with
severe LMM were also more likely to have
hypertension, a history of CVD, and MetS. The men
with severe LMM were older and were more likely to
have dyslipidaemia and lower phosphorus intake
than the men with normal SMI and mild LMM. By
contrast, the women with severe LMM were similar in
terms of age as the women who had normal SMI and
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mild LMM; they also did not differ in terms of
dyslipidaemia rate or phosphorus intake. Both men
and women with severe LMM had higher fasting
glucose and haemoglobin Alc levels than the men
and women with normal SMI and mild LMM,
respectively. Men with severe LMM had lower eGFR,
higher total cholesterol and triglyceride and lower
LDL-cholesterol levels than the men with normal SMI
and mild LMM. These differences were not observed
in the women. However, women with severe LMM
had higher intact PTH levels than the women with
normal SMI and mild LMM,; this difference was not
observed in the men.

In both sexes, the groups with normal SMI, mild
LMM, and severe LMM did not differ in terms of
mean urinary ACR. However, men with mild LMM
and severe LMM were significantly more likely to
have micro- or macroalbuminuria (15.2% and 45.45%,
respectively) than the men with normal SMI (9.86%,
P<0.0001). By contrast, the women with normal SMI,
mild LMM, and severe LMM did not differ in terms of
rates of micro- or macroalbuminuria (P=0.817).

Gender-specific relationships between severe
LMM and increased albuminuria

To identify the factors that associate with
increased albuminuria, logistic regression analyses
were performed. Table 3 shows the logistic regression
analysis performed separately in the men and women.
In men, severe LMM (OR=7.661, 95% Cl=2.72-21.579)
associated independently with increased
albuminuria. In women, severe LMM did not
associate significantly with increased albuminuria.

Effect of hypertension, diabetes, or MetS on
the gender-specific relationship between
severe LMM and increased albuminuria

Subgroup logistic regression analyses were
performed to determine whether the male
gender-specific relationship between severe LMM
and increased albuminuria continued to be observed
when the subjects were categorized according to
whether they did or did not have hypertension,
diabetes, or MetS.

Table 2. Characteristics of Study Participants According to the Skeletal Muscle Mass

Men (n = 492) Women (n = 595)

Normal SMI Mild LMM Severe LMM p-value  Normal SMI Mild LMM Severe LMM  p-value

(n =345) (n =125) (n=22) (n =349) (n=174) (n=72)
Age (years) 62.83+8.80 65.15+9.10 67.14+6.39 0.006" 65.2319.8 64.89+8.73 67.21+8.88 0.192
BMI (kg/m?2) 23.24+2.63 24.85+2.57 26.68+3.24 <.0001"  22.93+2.67 25.37+2.69 274412 <.0001
Current smoker (%) 114 (33.43) 34 (27.64) 5(23.81) 0.051# 26 (7.54) 2 (1.16) 2(2.82) 0.136#
Alcohol drinker >3U/d (%) 62(17.97) 15 (12.00) 7(31.82) 0.053# 4 (1.15) 1(0.57) 1(1.39) 0.779#
Diabetes (%) 43 (12.61) 28 (22.76) 4 (19.05) 0.093# 43 (12.46) 26 (15.12) 14 (19.72) 0.620#*
Hypertension (%) 102 (29.91) 63 (51.22) 13 (61.90) <.0001# 128 (37.1) 92 (53.49) 45 (63.38) 0.0004#
Dyslipidaemia (%) 147 (42.61) 73 (58.40) 17 (77.27) 0.0002# 143 (40.97) 81 (46.55) 38 (52.78) 0.134#
History of CVD (%) 28 (8.12) 18 (14.40) 7 (31.82) 0.0008# 20 (5.73) 19 (10.92) 11 (15.28) 0.010#
Metabolic syndrome (%) 93 (26.96) 67 (53.60) 15 (68.18) <.0001# 135 (38.68) 102 (58.62) 48 (66.67) <.0001#
SBP (mmHg) 127.05+18.17 128.23+16.02 136.18+15.92 0.058* 127.49+18.44 130.22+17.02 128.92+17.09  0.252°
DBP (mmHg) 77.9+10.69 77.1419.92 80.5+£10.85 0.374* 75.63+10.46 78.0119.59 75.1+8.99 0.022
Estrogen replacement (%) _ _ _ _ 50 (14.49) 18 (10.47) 6 (8.45) 0.528#
Regular exercise (%) 78 (22.61) 33 (26.40) 3 (13.64) 0.383# 63 (18.05) 32 (18.39) 14 (19.44) 0.961#
Calcium intake (mg/ day) 580.66+438.88 513.72+347.83 417.86+266.18 0.099 414.11+303.87 397.94+276.46 382.91+234.42  0.660
Phosphorus intake (mg/day)  1332.86+560.89  1208.05+568.58  1051.02+404.86  0.018" 929.33+430.46 898.47+352.77 894.16+470.97 0.663"
Total fat mass (kg) 7.37+2.44 10.742.57 13.38+2.88 <.0001*  9.08+2.73 12.54+2.55 15.53+3.45 <.0001*
Total fat percentage (%) 22.53+5.11 29.77+4.43 35.12+4.14 <.0001"  32.2245.71 39.88+3.95 44.7445.04 <.0001"
ASM (kg) 21.41+2.86 2042.61 18.61+2.3 <.0001*  14.41+1.89 13.71+1.79 13.17+2.06 <.0001*
eGFR (ml/min/1.73m2) 87.34+14.85 87.11+18.91 77.23+17.97 0.020" 87.92+15.35 88.66+17.42 90.18+18.46 0.579*
Blood urea nitrogen (mg/dL)  16.01+4.25 15.48+4.63 17.43£5.46 0.158" 15.27+4.19 15.35+4.48 15.63+4.41 0.820"
250HD (ng/mL) 18.34+5.92 17.49£5.65 16.17+4.89 0.129 16.38+6.45 17.03+6.03 15.94+7.32 0.442"
Alkaline phosphatase (IU/L)  238.88+73.24 240.3+95.81 244.71+53.74 0.939° 253.72473.31 262.01£70.18 265.38+87.48  0.342"
Intact PTH 64.87+24.74 62.7£19.44 67.9+18.34 0.546" 66.24+26.26 67.25+24.82 76.33£37.29 0.025*
UACR (ug/mg) 58.46+389.79 23.7454.97 109.524234.72 0.450* 52.99+442.54 37.61+221.27 34.22+143.85  0.872"
Normoalbuminuria (%) 311(90.14) 106(84.80) 12(54.55) <.0001#  309(88.54) 151(86.78) 65(90.28) 0.817#
Microalbuminuria (%) 27(7.83) 19(15.20) 7(31.82) 34(9.74) 20(11.49) 5(6.94)
Macroalbuminuria (%) 7(2.03) 0(0.00) 3(13.64) 6(1.72) 3(1.72) 2(2.78)
Fasting glucose (mg/dL) 102.76127.34 109.13+26.62 119.19439.41 0.006* 99.06+21.95 101.68+23.39 112.28+34.2 0.0003"
HbAlc 5.94+0.87 6.17+0.91 6.74+1.29 <.0001*  5.94+0.89 6.03+0.91 6.37+1.20 0.003*
TC (mg/dL) 192.13+35.09 178.11436.41 202.14+45.69 0.0004 204.33+36.97 201.27+37.78 195.95+38.38  0.230"
Triglyceride (mg/dL) 154.25+117.32 159.73+132.04 284.57+319.01 0.0001" 138.64495.39 138.23+78.43 142.97+79.4 0.929*
HDL-C (mg/dL) 47.56£12.43 43.96+10.77 44.69+12.86 0.021* 49.09+£11.65 47.96£9.81 47.76£10.49 0.470"
LDL-C (mg/dL) 115.93+33.13 100.79+32.41 92+40.04 0.041* 126.97435.35 124.92+34 .47 120.29430.08  0.795

ANOVA *, Chi-squared test #
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Table 3. Univariate and Multivariate Analyses of Factors Associated with Increased Albuminuria in the Total Study Participants.

Men

Women

Univariate Model

Multivariate Model

Univariate Model

Multivariate Model

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value  OR (95% CI)
Age 0.774 0.119
50-59 1.00 (Reference) 1.00 (Reference)
60-69 0.782[0.413,1.48] 0.449 1.577[0.797,3.122] 0.191
70-79 1.116 [0.568,2.194] 0.750 2.057 [1.04,4.068] 0.038
80- 0.985[0.271,3.579] 0.981 2.595 [1.026,6.564] 0.044
BMI 0.314
<185 1.00 (Reference) 1.00 (Reference)
18.5<<23.0 2.344[0.296,18.527]  0.419 0.368 [0.111,1.227] 0.103
23.0< <25 1.477[0.18,12.096] 0.716 0.437[0.129,1.482] 0.184
225 2.74810.347,21.785]  0.338 0.529[0.163,1.716] 0.288
Current Smoking 0.169
(Current vs. Never) 2.738[0.917,8.17] 0.071 0.81[0.239,2.74] 0.734
(Past vs. Never) 2.053 [0.698,6.037] 0.191 1.511 [0.426,5.365] 0.523
Alcohol intake >3 Unit/d 0.916 [ 0.446,1.881]  0.811 NA* NA®
Physical activity 0.944 [0.501,1.779] 0.858 1.023 [0.539,1.943] 0.944
Diabetes 4.903 [2.736,8.785] <.0001 4.282[2.14,8.567]  <.0001 1.464 [0.762,2.811] 0.253
Hypertension 1.934 [1.136,3.293] 0.015  0.902[0.456,1.786] 0.767  2.354 [1.399,3.962] 0.001
Dyslipidaemia 2.428 [1.35,4.368] 0.003  1.348[0.659,2.761] 0413  1.645[0.971,2.789] 0.064
History of CVD 2.224[1.099,4.5] 0.026  1.279[0.545,3.004] 0.571  1.04 [0.426,2.538] 0.931
Metabolic syndrome 3.039 [1.771,5.217] <.0001 1.211[0.56,2.619] 0.625  1.168 [0.709,1.922] 0.542

Vitamin D deficiency (<20 ng/ml))
Estrogen replacement

1.022 [0.978,1.069] 0.332

0.975[0.959,0.992] 0.004

eGFR <60ml/min/1.73m?

Skeletal muscle mass <.0001
Normal SMI 1.00 (Reference)

Mild LMM 1.64 [0.897,2.997] 0.108
Severe LMM 7.623 [3.066,18.953]  <.0001

0.987[0.969,1.005]  0.149

1.464[0.738,2.902] 0.275
7.661 [2.72,21.579]

1.024 [0.986,1.062] 0.220
0.564 [0.236,1.349] 0.197
0.991 [0.976,1.007] 0.272
0.0006 0.715
1.00 (Reference)

1.177 [0.68,2.037] 0.561

0.0001  0.832[0.357,1.94] 0.670

*In women, the number of subjects taking alcohol >3Unit/d was too small, that an odds ratio for the other groups cannot be calculated.

In the hypertension group, severe LMM
continued to be an independent predictor of increased
albuminuria in men (OR=11.449, 95%
CI=3.037-43.156) but not in women (Table 4). In the
non-hypertension (Supplementary Table 1) and
diabetes (Supplementary Table 2) groups, severe
LMM did not associate significantly with albuminuria
in either men or women. In the non-diabetes group,
severe LMM continued to be an independent
predictor in men (OR 8.782, 95% CI 3.046-25.322) but
not in women (Table 5). In the MetS group, severe
LMM did not associate with increased albulminuria in
either men or women (Supplementary Table 3).
However, in the non-MetS group, severe LMM
continued to be an independent predictor of increased
albulminuria in men (OR=8.183, 95%
CI=1.539-43.156) but not in women (Table 6).

Discussion

This study, which was based on nationwide and
population-based health examination and survey
data, clearly showed that there was a male
gender-specific association between severe LMM and
micro- or macroalbuminuria. Notably, the association
was only observed in men with hypertension,
non-diabetic men, and men without MetS. These
findings suggest that middle-aged and elderly men
who exhibit severe loss of skeletal muscle mass are

more prone than women with low skeletal muscle
mass to have increased albuminuria and that this risk
is particularly prominent in hypertensive men and in
men without diabetes and MetS.

Recent studies suggest that the glycocalyx that is
present on the surface of the endothelial cells in the
glomerulus and widespread vasculature may play a
protective role in vessel wall homeostasis. Indeed, it
has been proposed that the loss of the endothelial
glycocalyx may be an initial mechanistic link between
the albuminuria and vasculopathy that occurs during
oxidative stress [21]. Thus, albuminuria excretion can
serve as a correlate of the atherosclerotic vascular
changes that are driven by systemic endothelial
dysfunction. Therefore, our results suggest that
middle-aged and elderly men with severe LMM may
be at higher risk of endothelial dysfunction than
similarly-aged women with severe LMM. These
observations are consistent with those of other studies
that show the prevalence of microalbuminuria is
higher in men than in women [10, 11], and that men
with a given level of a cardiovascular risk factor have
higher albuminuria levels than women with the same
cardiovascular risk factor level [10]. Altogether, these
findings indicate that there is a gender difference in
the association between cardiovascular risk factors
and albuminuria.
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Table 4. Subgroup Analysis of Hypertension

Albuminuria.

Patients: Univariate and Multivariate Analyses of Factors Associated with Increased

Men (n =178)

Women (n = 265)

Univariate Model

Multivariate Model

Univariate Model

Multivariate Model

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value  OR (95% CI) p-value

Age 0.954 0.800
50-59 1.00 (Reference) 1.00 (Reference)

60-69 1.061 [0.406,2.772]  0.903 1.25[0.451,3.459]  0.667
70-79 0.946 [0.332,2.698]  0.917 1.602[0.594,4.32]  0.351
80- 0.578 [0.063,5.296]  0.627 1.301 [0.331,5.121]  0.706
BMI 0.112
<185 1.00 (Reference) 1.00 (Reference)

18.5<<23.0 NA* NA* 0.143 [0.025,0.807]  0.027
23.0< <25 NA* NA* 0.265[0.048,1.471]  0.129
225 NA* NA* 0.175[0.033,0.935]  0.041
Current Smoking 0.359 0.852
(Current vs. Never) 4.765[0.559,40.64] 0.153 0.777 [0.169,3.577]  0.746
(Past vs. Never) 4.125[0.522,32.568] 0.178 1.444[0.289,7.204]  0.654
Alcohol intake >3 Unit/d 1.667 [0.672,4.133] 0.270 NA# NA#
Physical activity 0.566 [0.203,1.575]  0.275 1.167 [0.501,2.716]  0.720
Diabetes 3.529 [1.584,7.865]  0.002 3.531[1.421,8.774]  0.006 1.197 [0.564,2.54]  0.639
Dyslipidaemia 2126 [0.854,5.29]  0.104 1.537[0.779,3.033]  0.215
History of CVD 1.957[0.81,4.727]  0.135 0.919 [0.36,2.344]  0.859
Metabolic syndrome 2.883[1.175,7.075]  0.020 1.743 [0.605,5.025]  0.303 0.631[0.322,1.236]  0.179
Vitamin D deficiency (<20 ng/ml)) 1.012[0.947,1.082] 0.722 1.017 [0.971,1.065]  0.472
Estrogen replacement _ _ _ _ 0.7210.265,1.958]  0.520
eGFR <60ml/min/1.73m?2 0.969 [0.946,0.993]  0.010 0.983 [0.964,1.002]  0.080
Skeletal muscle mass 0.0009 0.639
Normal SMI 1.00 (Reference) 1.00 (Reference)

Mild LMM 1.448 [0.605,3.466]  0.405 1.182[0.464,3.006]  0.726 0.778 [0.378,1.6] 0.494
Severe LMM 10.954 [3.108,38.61] 0.0002  11.449 [3.037,43.156] 0.0003 0.667 [0.253,1.754]  0.411

*In men, the number of subjects with BMI < 18.5 (the reference group) was 16 (3.25%), which was a too small number that an odds ratio for the other groups cannot be calculated.
#In women, the number of subjects taking alcohol >3Unit/d was too small, that an odds ratio for the other groups cannot be calculated.

Table 5. Subgroup Analysis of Non-diabetes Patients: Univariate and Multivariate Analyses of Factors Associated with Increased

Albuminuria.
Men (n = 417) Women (n = 512)
Univariate Model Multivariate Model Univariate Model Multivariate Model
OR (95% CI) p-value  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age 0.504 0.583
50-59 1.00 (Reference) 1.00 (Reference)
60-69 1.385[0.6,3.198] 0.445 1.403 [0.693,2.84] 0.346
70-79 1.786 [0.743,4.294] 0.195 1.547[0.735,3.258]  0.250
80- 2.273[0.579,8.917] 0.239 1.851[0.624,5.485]  0.266
BMI 0.283 0.525
<185 1.00 (Reference) 1.00 (Reference)
18.5< <23.0 1.469 [0.18,11.96] 0.719 0.441[0.114,1.703]  0.235
23.0< <25 0.921 [0.106,8.013] 0.941 0.481[0.121,1.914]  0.299
>25 2.222[0.275,17.988] 0.454 0.635[0.168,2.399]  0.503
Current Smoking 0.292 0.485
(Current vs. Never) 3.262 [0.724,14.696] 0.124 0.342[0.045,2.579]  0.297
(Past vs. Never) 2.548 [0.577,11.255] 0.217 1.57 [0.335,7.358] 0.567
Alcohol intake >3 Unit/d 0.540 [0.185,1.572] 0.258 NA* NA*
Physical activity 0.885[0.391,2] 0.768 0.904 [0.439,1.862]  0.784
Hypertension 1.754 [0.893,3.445] 0.103 2.266 [1.288,3.987]  0.005
Dyslipidaemia 2.312 [1.116,4.791] 0.024 1.462 [0.634,3.375] 0.373 1.638 [0.923,2.905]  0.091
History of CVD 2.188 [0.847,5.647] 0.105 0.657 [0.196,2.208]  0.497
Metabolic syndrome 2.453 [1.248,4.823] 0.009 1.257 [0.541,2.921] 0.594 1.071[0.611,1.877]  0.811
Vitamin D deficiency (<20 1.049 [0.993,1.108] 0.086 1.028 [0.984,1.074]  0.218
ng/ml))
Estrogen replacement _ _ _ _ 0.547 [0.211,1.42] 0.215
eGFR <60ml/min/1.73m?2 0.962 [0.94,0.984] 0.0008 0.976 [0.952,1] 0.055 0.998 [0.98,1.016] 0.844
Skeletal muscle mass 0.0003 0.009
Normal SMI 1.00 (Reference) 1.00 (Reference)
Mild LMM 1.313 [0.583,2.958] 0.511 1.174 [0.475,2.903] 0.728 1.146 [0.622,2.113]  0.662
Severe LMM 8.782 [3.046,25.322] <.0001 6.185[1.889,20.251]  0.003 0.784[0.292,2.102]  0.629

*In women, the number of subjects taking alcohol >3Unit/d was too small, that an odds ratio for the other groups cannot be calculated.
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Table 6. Subgroup Analysis of Non-metabolic Syndrome Patients: Univariate and Multivariate Analyses of Factors Associated with

Increased Albuminuria.

Men (n = 317)

Women (n - 310)

Univariate Model Multivariate Model Univariate Model Multivariate Model

OR (95% CI) p-value OR (95% CI) p-value  OR (95% CI) p-value OR (95% CI) p-value
Age 0.696 0.031 0.164
50-59 1.00 (Reference) 1.00 (Reference)
60-69 1.234 [0.446,3.412] 0.685 2.823[1.019,7.816] 0.045  2.014 [0.698,5.806] 0.195
70-79 1.45[0.504,4.172] 0.490 4.704 [1.674,13.219] 0.003  3.229[1.042,10.003] 0.042
80- 2.29[0.557,9.404] 0.250 3.477[0.909,13.298] 0.068  3.833[0.823,17.859] 0.087
BMI 0.387 0.379
<185 1.00 (Reference) 1.00 (Reference)
18.5<<23.0 1.63 [0.202,13.18] 0.646 0.42[0.106,1.655]  0.214
23.0< <25 0.615 [0.064,5.912] 0.674 0.378 [0.086,1.668]  0.199
>25 1.167 [0.12,11.301] 0.894 0.72[0.169,3.071]  0.657
Current Smoking 0.531 0.814
(Current vs. Never) 2.2[0.466,10.395] 0.319 0.517 [0.066,4.043]  0.529
(Past vs. Never) 1.563 [0.338,7.221] 0.567 0.861 [0.106,7.022]  0.888
Alcohol intake >3 Unit/d 0.864 [0.286,2.612] 0.795 NA* NA*

Physical activity 0.824[0.3,2.269] 0.708
Diabetes 5.561 [1.946,15.89] 0.001
Hypertension 1.243 [0.501,3.083] 0.639
Dyslipidaemia 1.94 [0.851,4.422] 0.115
History of CVD 2.182[0.693,6.871] 0.182

Vitamin D deficiency (<20 ng/ml))
Estrogen replacement

eGFR <60ml/min/1.73m?

Skeletal muscle mass

1.017 [0.95,1.089] 0.629

0.395
0.007

0.988 [0.962,1.015]

4.495 [1.495,13.513] 0.007

0508 [0.172,1.5]  0.220
2.086 [0.424,10.252] 0.365
3.297 [1.592,6.829]  0.001
1.777 [0.838,3.766]  0.133
1.703 [0.467,6.214]  0.420
1.069 [1.011,1.13]  0.018
0.586 [0.171,2.009]  0.394
0.991 [0.967,1.015]  0.438
0.030 0.546

3.354 [1.497,7.514] 0.003

1.067 [1.007,1.13]  0.027

Normal SMI 1.00 (Reference) 1.00 (Reference)
Mild LMM 2.025[0.792,5.174] 0.140  1.923[0.739,5.009] 0.180 1.131[0.499,2.561] 0.767
Severe LMM 11.063 [2.278,53.722]  0.002  8.183 [1.539,43.495] 0.013 0.345 [0.045,2.665]  0.307

“In women, the number of subjects taking alcohol >3Unit/d was too small, that an odds ratio for the other groups cannot be calculated.

The pathophysiological mechanism underlying
the male-specific association between low skeletal
muscle mass and increased albuminuria is unclear but
there are several possible contributors. One relates to
the well-known differences between men and women
in terms of their levels of the sex hormones and how
these levels change during aging. In particular,
testosterone increases both skeletal muscle and bone
mass whereas estrogen only affects the bone [22].
Moreover, in healthy males, bioavailable testosterone
levels drop by as much as 64% between the ages of 25
and 85 years, whereas in women, it falls by only 28%
[23]. Additionally, in postmenopausal women, the
conversion of androgens to estrogens occurs in
adipose tissue [24]; by contrast, in men, adipose tissue
is not a source of androgens [25]. Several lines of
evidence suggest that these sex hormone differences
between men and women during youth and aging
may differentially affect their muscle mass. In
particular, in older men, serum testosterone levels
correlate positively with muscle strength whereas in
older women, the decrease in bioavailable
testosterone has not been linked to declines in
muscle mass or strength [26, 27]. Several additional
lines of evidence also suggest that the changes in sex
hormones during aging increases the risk of CVD in
men but not women. In particular, it has been shown
that low levels of the testosterone precursor

dihydroepiandrosterone (DHEA), whose plasma
concentrations drop by 5-fold in men at age 85
compared to at age 30 years [28], associate with
elevated mortality and CV risk in men but not women
[29]. These observations together suggest that the
age-related sex hormone changes in men, but not in
women, decrease muscle mass in an as yet unclear
mechanism that also promotes endothelial
dysfunction (as indicated by the increased
albuminuria) [10, 30] and CVD.

The male-specific association between low
skeletal muscle mass and albuminuria may also relate
to gender differences in terms of sarcopaenia
pathogenesis. Notably, it was reported that
sarcopaenia in men may be driven by the catabolic
influence of myostatin whereas in women,
sarcopaenia may involve an anabolic hormone,
namely, insulin-like growth factor-1 [31]. Moreover,
when myostatinis genetically disrupted in LDL
receptor-null mice, which are an experimental model
of atherogenesis, the development of pro-atherogenic
dyslipidaemia and atherogenic lesions is attenuated
[32]. In our study, the men with severe LMM were
older, more likely to have dyslipidaemia, and had
higher total cholesterol and triglyceride levels than
the men with normal SMI or mild LMM, whereas the
female groups did not differ in terms of these
variables. Consistent with this, it has been shown that
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low levels of DHEA and DHEA-S associate with low
HDL-C and elevated total cholesterol and triglyceride
levels [29]. Thus, since dyslipidaemia plays a role in
the development of albuminuria [33-35], the
male-specific relationship between severe LMM and
increased albuminuria may reflect the influence of
myostatin and androgen on sarcopaenia and
dyslipidaemia in men. In relation to the latter point,
the men with severe LMM in our study had lower
LDL-cholesterol levels than men with normal SMI and
mild LMM, despite the fact that they were more likely
to have dyslipidaemia. This may be because the
subjects who were defined as having dyslipidaemia
included subjects taking lipid-lowering medications.

In our study, the characteristics of male and
female were different, in terms of social behaviors,
dietary habits, metabolic profiles, and muscle mass.
These findings are consistent with previous literature
in that women are more prone to develop MetS than
men [36], and that PTH and vitamin D are
differentially associated with metabolic obesity
according to sex [37]. These differences may have
altogether influenced the association between skeletal
muscle mass and albuminuria, although the
mechanism cannot be elucidated.

Our subgroup analyses involved categorising
our subjects according to whether they had
hypertension, diabetes, or MetS. These diseases were
chosen because they are known to associate with
increased albuminuria [33, 38]. Interestingly, the
association between severe LMM and increased
albuminuria was significant in hypertensive, but not
non-hypertensive, men. One possible explanation for
this association is that hypertension-induced
endothelial dysfunction promotes sarcopaenia. The
evidence for this is as follows. First, it is well known
that increased albuminuria is a marker of vascular
endothelial ~ damage [10,  30] and  that
microalbuminuria associates strongly with vascular
disease in hypertension [39]. Second, a recent review
reported that endothelial dysfunction and impaired
muscle protein metabolism contribute to the
development of sarcopaenia [40]. Thus, the
relationship between severe LMM and increased
albuminuria in hypertensive men may reflect
endothelial dysfunction. Another possible
explanation for the association between severe LMM
and albuminuria in hypertensive men is that
sarcopaenia promotes the vascular dysfunction that
associates with hypertension because in sarcopaenia,
the myokines that are secreted by the skeletal muscles
are reduced.[40] Thus, since myokines confer
anti-inflammatory and protective effects on vascular
function, sarcopenia may promote the development of
hypertensive vasculopathy (as indicated by the

increased albuminuria). A third explanation is that the
hypertension-related alterations in the
renin-angiotensin-aldosterone system (RAAS) may
promote sarcopaenia: there is evidence that inhibiting
the RAAS improves skeletal muscle blood flow and
muscle metabolism [41]. It is also well known that
inhibiting the RAAS reduces albuminuria [42]. Thus,
both the severe LMM and albuminuria in
hypertensive men may reflect hypertension-related
alterations in the RAAS.

Hypertension increases the shear stress and
circumferential stretch of the vascular wall, which in
turn damages the blood vessels [43]. By contrast, in
diabetes, the hyperglycaemia leads to the local
production of molecules that increase the membrane
permeability of vessels, including the glycocalyx [44];
this causes dysregulation of intracellular metabolic
pathways, which in turn damages the glycocalyx and
thereby induces glomerular endothelial dysfunction.
This ultimately leads to microalbuminuria [21]. Thus,
hypertension and diabetes may differ in terms of the
effector molecules that promote their associated
endothelial dysfunction. In our study, severe LMM
associated with albuminuria in the men who did not
have diabetes or MetS: this association was not
observed in the diabetic men or the men with MetS.
These findings suggest that low skeletal muscle mass
may be a risk factor for increased albuminuria in men
without diabetes or MetS. The reason for this is
unclear but it is possible that the link between low
skeletal muscle mass, insulin resistance, and
endothelial dysfunction in diabetes and MetS involves
a different pathway from the pathway that links
hyperglycaemia, hyperinsulinaemia and
microalbuminuria. Further studies are needed to
confirm the mechanism for this.

There are limitations of this study. First, it is a
cross-sectional analysis, which cannot prove any
causal relationship between low skeletal muscle mass
and albuminuria. Second, only single measurements
of albuminuria were available, which is not as
desirable as using the mean of several measurements.
Third, the mechanisms of the relationship between
low skeletal muscle mass and albuminuria were not
proved. Fourth, the effect of medications which may
affect albuminuria or dyslipidaemia, such as RAAS
blockers or statins, was not considered in the analyses,
since the specific information of medications was not
included in KNHANES data. Fifth, we used the
weight-adjusted skeletal muscle mass instead of
height-adjusted skeletal muscle mass, which the
working group for  sarcopenia  guidelines
recommended [45-47]. We used the weight-adjusted
definition because many Korean studies have most
often used weight-adjusted muscle mass to define low
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skeletal muscle mass when evaluating the association
with CVD [4, 48-55]. Despite these limitations, our
study had some strengths: it was the first to evaluate
the gender-specific association between low skeletal
muscle mass and albuminuria, and the effect of
hypertension, diabetes and MetS was analyzed. Until
recently, the association between low skeletal muscle
mass and albuminuria was poorly understood.
However, this year, Kim et al. used the 2011
KNHANES data and found that there is a relationship
between low skeletal muscle mass and albuminuria
[52]. Our study results are consistent with those of
Kim et al. in that we observed that subjects with low
skeletal muscle mass have an increased risk of
elevated albuminuria. However, there are also several
differences between our study and that of Kim et al.
First, the study by Kim et al. included all subjects aged
over 19 years [52] whereas our study included
subjects who were 50 or more years old. We sought to
explore the significance of low skeletal muscle mass in
the middle-aged and elderly population who has
increased CVD risk. Another difference between the
two studies is that our study, but not the study by
Kim et al., excluded subjects with chronic diseases that
may affect muscle wasting, including liver, renal,
neoplastic, and thyroid diseases. Yet another
difference was that our study examined the
relationship between low skeletal muscle mass and
albuminuria by categorising subjects on the basis of
gender and the presence or absence of hypertension,
diabetes, and MetS.

In conclusion, we observed a gender-specific
difference in the association between low skeletal
muscle mass and increased albuminuria. Moreover,
this association was only observed in men with
hypertension and in men without diabetes or MetS.
This study suggests that assessing older men,
especially those with hypertension and those without
diabetes or MetS, for the presence of low skeletal
muscle mass and then applying preventive or
therapeutic strategies may help to prevent or
attenuate albuminuria and the possibly associated
CVD.
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