:' frontiers ‘ Frontiers in Endocrinology

ORIGINAL RESEARCH
published: 13 July 2022
doi: 10.3389/fendo.2022.913207

OPEN ACCESS

Edited by:
Joon Ha,
Howard University, United States

Reviewed by:

Sangsoo Kim,

Pusan National University Hospital,
South Korea

Guangda Xiang,

General Hospital of Central Theater
Command, China

*Correspondence:

Xuejun Li

lixugjun@xmu.edu.cn

Wei Liu

sissi_liu@163.com

TThese authors have contributed
equally to this work

Specialty section:

This article was submitted to
Clinical Diabetes,

a section of the journal
Frontiers in Endocrinology

Received: 05 April 2022
Accepted: 16 June 2022
Published: 13 July 2022

Citation:

Shi X, Liu W, Zhang L, Xiao F,

Huang P, Yan B, Zhang Y, Su W,
Jiang Q, Lin M, Liu W and Li X (2022)
Sex-Specific Associations Between
Low Muscle Mass and Glucose
Fluctuations in Patients With Type 2
Diabetes Mellitus.

Front. Endocrinol. 13:913207.

doi: 10.3389/fendo.2022.913207

Check for
updates

Sex-Specific Associations Between
Low Muscle Mass and Glucose
Fluctuations in Patients With Type 2
Diabetes Mellitus

Xiulin Shi"?", Wenjuan Liu®', Lulu Zhang', Fangsen Xiao’, Peiying Huang', Bing Yan’,
Yiping Zhang?, Weijuan Su’, Qiuhui Jiang?, Mingzhu Lin’, Wei Liu®* and Xuejun Li"?*

" Department of Endocrinology and Diabetes, Xiamen Diabetes Institute, Fujian Province Key Laboratory of Translational
Research for Diabetes, The First Affiliated Hospital of Xiamen University, School of Medicine, Xiamen University, Xiamen,
China, 2 The School of Clinical Medicine, Fujian Medical University, Fouzhou, China, 3 Department of Endocrine, Zhangzhou
Hospital of Traditional Chinese Medicine, Zhangzhou, China

Objective: Studies have shown that sex differences in lean mass, concentrations of sex
hormones, and lifestyles influence cle health and glucose metabolism. We evaluated the
sex-specific association between low muscle mass and glucose fluctuations in
hospitalized patients with type 2 diabetes mellitus (T2DM) receiving continuous
subcutaneous insulin infusion (CSl) therapy.

Methods: A total of 1084 participants were included. Body composition was determined
by dual-energy X-ray absorptiometry. Intraday blood glucose fluctuation was estimated by
the Largest amplitude of glycemic excursions (LAGE) and standard deviation of blood
glucose (SDBG).

Results: The prevalence of low muscle mass was higher in males than in females
(p<0.001). There was a significant sex-specific interaction between the status of low
muscle mass and glucose fluctuations (LAGE and SDBG) (p for interaction=0.025 and
0.036 for SDBG and LAGE, respectively). Among males, low muscle mass was
significantly associated with a higher LAGE and SDBG (difference in LAGE: 2.26 [95%
Cl: 1.01 to 3.51], p < 0.001; difference in SDBG: 0.45 [95% CI: 0.25 to 0.65], p < 0.001)
after adjustment for HbA1c, diabetes duration, hyperlipidemia, diabetic peripheral
neuropathy, diabetic nephropathy, and cardiovascular disease. These associations
remained significant after further adjustment for age and C-peptide. Among females,
low muscle mass was not associated with LAGE or SDBG after adjustment for all
covariates.

Conclusion: The prevalence of low muscle mass was higher in males than in females.
Low muscle mass was significantly associated with higher LAGE and SDBG among
males, but not females.

Keywords: low muscle mass, glucose fluctuations, sex-specific, type 2 diabetes mellitus, continuous subcutaneous
insulin infusion
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INTRODUCTION

Diabetes is a major public health challenge in the world due to its
high and increasing prevalence and related risk of chronic
complications and mortality. Accumulating evidence indicates
that glucose fluctuations are more harmful in the occurrence and
development of diabetic chronic complications compared to
constant hyperglycemia (1-3). Generalized and progressive
skeletal muscle function disorder is the definition of sarcopenia,
which includes progressive loss of muscle mass and function
leading to adverse outcomes such as functional decline, frailty,
falls, and mortality (4). The prevalence of sarcopenia is significantly
higher in type 2 diabetes mellitus (T2DM) than in non-diabetic
individuals (5-7). Sarcopenia has been implicated as both a cause
and consequence of T2DM (8, 9). The progressive loss of the
skeletal muscle might lead to diminished insulin-mediated glucose
disposal and exacerbated insulin resistance, resulting in severe
glucose abnormalities (10). It has been demonstrated that not
only the glycosylated hemoglobin Alc (HbAlc) level but also
glucose fluctuations were significantly related to sarcopenia (11).

Lean mass, body fat composition and distribution, hormone
concentrations, and lifestyles showed a difference between males
and females, which influenced muscle health and glucose
metabolism (12). Lean mass, which is generally greater in men,
may play an important role in mediating the regulation of
glucose metabolism by skeletal muscle. However, to the best of
our knowledge, no study focusing on the potential impact of sex
differences on the relationship between low muscle mass and
glucose fluctuations has been reported.

In this study, we aimed to assess the sex-specific relationship
between low muscle mass and glucose fluctuations in
hospitalized patients with T2DM undergoing continuous
subcutaneous insulin infusion (CSII) treatments.

MATERIALS AND METHODS
Study Design and Participants

The study was performed following the rules of the Declaration
of Helsinki, and the protocol was approved by the ethics
committee of the First Affiliated Hospital of Xiamen
University. All participants provided written informed consent
before participating in the study. We included 1084 hospitalized
patients for hyperglycemia in the Department of Endocrinology
and Diabetes, First Affiliated Hospital, Xiamen University,
Xiamen, China from 2017 to 2019. The included criteria for
patients were as follows: patients aged 35 years or older with
T2DM which was defined as having either fasting plasma glucose
(FPG)27.0mmol/l or 2-h PG 211.1 mmol/l according to the
World Health Organization definition. The exclusion criteria
were as follows (1): serious health conditions, such as diabetic
ketoacidosis, severe hepatic insufficiency, moderate to severe
renal insufficiency, cardiac insufficiency, or stroke affected daily
activities (2); cognitive disability or an inability to cooperate with
the examination (3); pregnant or contemplating pregnancy.

All patients were managed according to established protocols
for performing CSII with a length of 7 days, glucose monitoring,

and dual-energy X-ray absorptiometry. Diabetes-associated
chronic complications were evaluated for the coexistence of
neuropathy, retinopathy, and nephropathy.

Glucose Control

On the first day of hospitalization, oral hypoglycemic agents used
were stopped, then Humalog rapid-acting insulin (insulin lispro;
Eli Lilly, Indianapolis, IN, USA) with the insulin pump
(MiniMed Paradigm 722, Medtronic, Northridge, CA, USA)
was used among all patients used. The initial insulin dosage
was 0.7 unit x body weight (kg) and total daily doses were
divided into 50% of basal and 50% of bolus injections. The dawn
phenomenon and nocturnal hypoglycemia were taken into
account, and the basal rate was fixed depending on the period:
basal insulin dose/24 x 0.8 between 2200 and 0300 hours; basal
insulin dose/24 x 1.2 between 0300 and 0700 hours; basal insulin
dose/24 x 1.0 between 0700 and 2200 hours. The basal and bolus
doses of insulin infusion were tailored every 2 days by one doctor
by 0.3 unit/h and 3 units, respectively, according to the capillary
blood glucose (BG) level to achieve the glycemic target (fasting
BG<7.0 mmol/L and average postprandial BG <10.0 mmol/L).
All patients received the same education for lifestyle
management, and they were fed by the hospital nutrition
canteen during the hospitalization.

BG was monitored 7 times per day (before and 2 h after each
meal and at bedtime) by a trained nurse using a unified
glucometer (Johnson & Johnson, New Brunswick, NJ, USA).
Hypoglycemia was defined as a glucose level less than 3.9 mmol/
L, and the presence or absence of hypoglycemic symptoms was
recorded at every BG measurement point.

Date Collection

Data were collected from electronic health records in the
hospital. The clinical condition and medical history of all
participants were obtained, including smoking, alcohol
consumption habit, medical history (cardiovascular disease,
hypertension, diabetic neuropathy, diabetic retinopathy, and
diabetic nephropathy), previous hospitalizations, as well as
regular antidiabetic drugs, etc. Blood and urine samples were
taken the day following admission after overnight fasting. The
following biochemical parameters were obtained: HbAlc, C-
peptide, triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-c), and low-density lipoprotein
cholesterol (LDL-c), serum albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and urinary albumin.

Anthropometric and Body

Composition Measurements

Height and weight were measured by trained nurses according to
the standard protocol and body mass index (BMI) was calculated
as weight (kilograms) divided by height (meters) squared. BMI
was further categorized into four groups:<18.5, 18.5-23.9, 24.0-
27.9, and >28.0 kg/m?, according to the Chinese BMI cut-offs
(13). Blood pressure was measured with a standard electronic
sphygmomanometer on the right arm 5 minutes after sitting for
rest. Body composition was determined by dual-energy X-ray
absorptiometry (HOLOGIC Discovery A) on the first day of the
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hospitalization. The appendicular skeletal muscle mass index
(ASMI) was calculated by dividing the appendicular skeletal
muscle mass by the height squared (kg/m?).

Evaluation of Low Muscle Mass, Glucose
Fluctuation, and Pancreatic

B-Cell Function

The Asian specific cutoff point for diagnosis of low muscle mass
was according to the recommendation of the Asian Working
Group for Sarcopenia (AWGS) in 2014 (14). Participants with an
ASMI less than 7.0 Kg/m? for men or 5.4 Kg/m? for women were
considered to have low muscle mass. The largest amplitude of
glycemic excursions (LAGE), mean blood glucose (MBG), the
standard deviation of blood glucose (SDBG), postprandial
glucose excursion (PPGE) and were indicators for estimating
intraday blood glucose fluctuations (3, 14). The MBG was the
average glucose for 7 days. SDBG was calculated as the square
root of the variance of the daily blood glucose for a whole day
during the 7 days of hospitalization, respectively (15). LAGE was
determined based on the mean of the diurnal range from
minimum glucose levels to maximum glucose levels of BG for
7 days. PPGE was calculated based on the mean of the difference
between pre-prandial and 2-h postprandial glucose. C-peptide
was a more accurate marker of endogenous insulin secretion
than insulin (16, 17). Fasting plasma C-peptide was measured to
represent an index of pancreatic -cell function.

Statistical Analysis
To assess our hypothesis that the sex-specific association
between low muscle mass and glucose fluctuations in
hospitalized patients with T2DM with CSII therapy, several
analyses were performed. Data were summarized using
frequencies and counts for categorical variables and means and
standard deviations for continuous variables. Student’s t-tests or
the Mann-Whitney U test for continuous variables and Chi-
square (y °) test for categorical variables were performed to
compare the difference in baseline characteristics between
diabetic patients with low muscle mass and diabetic patients
with non-low muscle mass. An a priori sex-specific association
between glucose fluctuations and sarcopenia was examined. We
used multiple linear regression models to examine the
association between low muscle mass and glucose fluctuations
(SDBG and LAGE), after adjustment for HbAlc, diabetes
duration, hyperlipidemia, diabetic peripheral neuropathy,
diabetic nephropathy, and cardiovascular disease in Model 1.
We further adjusted for age in Model 2. To further explore
whether the relationship was independent of C-peptide, we
additionally controlled for diabetes duration in Model 3.
Potential modification effects were assessed through a
stratified analysis by the following factors: age (<65 or 265),
BMI (<18.5, 18.5-23.9, 24.0-27.9, >28.0), diabetes duration (<5,
5-9.9, 210), diabetic peripheral nephropathy (yes or no), diabetic
neuropathy (yes or no), and cardiovascular disease (yes or no).
We evaluated the potential effect of modification by modeling the
cross-product term of the stratifying variable with low
muscle mass.

Two-tailed p-value < 0.05 was considered statistically
significant. The data analysis for this article was conducted
using SAS version 9.4.

RESULTS

Overall, the prevalence of low muscle mass was 31.2% in all
diabetic participants. The prevalence of low muscle mass was
higher in males than in females (39.9% vs 18.0%, p<0.001)
(Figure 1). The characteristics of participants were shown in
Table 1 according to the status of low muscle mass and sex of
patients. For males, participants with low muscle mass were
older, and more likely to have a lower BMI, lower SBP and DBP,
longer diabetes duration, higher LDL-c, LAGE, MBG, SDBG,
and PPGE, lower TG and C-peptide, and higher prevalence of
diabetic neuropathy and hypoglycemia compared with patients
without low muscle mass. For females, BMI, SBP, DBP, C-
peptide, TG, ALT, and AST were lower in patients with low
muscle mass than in those without low muscle mass.

We observed a significant and sex-specific interaction
between the status of low muscle mass and glucose fluctuations
(LAGE and SDBG) (p for interaction=0.025 and 0.036 for SDBG
and LAGE, respectively). In Table 2, Among males, low muscle
mass was significantly associated with a higher LAGE and SDBG
(difference in LAGE: 2.26 [95% CI: 1.01 to 3.51], p < 0.001;
difference in SDBG: 0.45 [95% CI: 0.25 to 0.65], p < 0.001) after
adjustment for HbAlc, diabetes duration, hyperlipidemia,
diabetic peripheral neuropathy, diabetic nephropathy, and
cardiovascular disease (Model 1). These associations remained
significant after further adjustment for age (difference in LAGE:
2.17 [95% CI: 0.92 to 3.41], p < 0.001; difference in SDBG: 0.41
[95% CI: 0.21 to 0.61], p < 0.001 in Model 2), and C-peptide
(difference in LAGE: 1.18 [95% CI: 0.51 to 3.11], p = 0.006;
difference in SDBG: 0.31 [95% CI: 0.11 to 0.52], p = 0.003 in
Model 3) (Table 2). However, among females, no significant
association between low muscle mass and LAGE, or SDBG was
observed after adjustment for all covariates.

In the stratified analysis (Table 3), the associations between
low muscle mass and LAGE and SDBG were not modified by risk
factors in both males and females, including age, BMI, diabetes
duration, diabetic nephropathy, diabetic peripheral neuropathy,
or cardiovascular disease.

DISCUSSION

In the present study, based on the included 1084 hospitalized
patients with T2DM receiving CSII therapy, we found the
prevalence of low muscle mass was higher in males than in
females and a significant sex-specific association between low
muscle mass and glucose fluctuations (LAGE and SDBG). Low
muscle mass was significantly associated with a higher LAGE and
SDBG for males after adjustment for HbAlc, diabetes duration,
hyperlipidemia, diabetic peripheral neuropathy, diabetic
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nephropathy, cardiovascular disease, age, and C-peptide, but not

for females.

Our findings were in line with a previous study that showed that
glucose fluctuations were related to low muscle mass. In the study of

The prevalence of low muscle mass
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FIGURE 1 | The prevalence of low muscle mass among all patients, male and female, male vs female:

18.0%

Female

69 T2DM patients diagnosed with or without cognitive impairment,

glucose fluctuations were found to be independently associated with

sarcopenia, even after adjusting for HbAlc levels and associated
factors among patients with cognitive impairment (11).

TABLE 1 | Characteristics of the T2DM participants in the Low muscle mass group and non- Low muscle mass group stratified by sex.

Female Male

Non- Low muscle mass Low muscle mass pvalue Non- Low muscle mass Low muscle mass p value
N 355 78 391 260
Age, mean (SD), y 56.1 (11.5) 57.4 (14.5) 0.369 50.7 (11.7) 53.2 (13.6) 0.014
BMI, mean (SD), kg/m2 25.0 (3.9 19.8 (2.1) <0.001 26.2 (3.2) 21.6 (2.5 <0.001
Systolic BP, mean (SD), mmHg 134.4 (20.7) 123.6 (19.0) <0.001 130.3 (16.9) 126.4 (18.0) 0.006
Diastolic BP, mean (SD), mmHg 80.6 (10.3) 73.7 (9.0) <0.001 81.9 (9.8) 78.1 (10.6) <0.001
Diabetes duration, mean (SD), y 8.5 (2.9) 8.5 (2.8) 0.552 8.1 (2.4) 8.5 (3.0) 0.045
HbA1c, mean (SD), % 9.6 (2.3 9.8 (2.6) 0.589 9.7 (2.4) 10.2 (9.8) 0.053
C-peptide 1.4 (1.0t0 2.0) 1.0(0.7t0 1.7) <0.001 1.5(1.0to 2.1) 0.9 (0.5t0 1.5) <0.001
Total cholesterol, mean (SD), mmol/L 5.2 (1.9) 5 2(1.5) 0.983 5 1(1. 4) 5.0 (1.4) 0.700
HDL cholesterol, mean (SD), mmol/L 1.3(0.3 3(0.4) 0.115 2 (0.4 1.2 (0.3 0.703
LDL cholesterol, mean (SD), mmol/L 3.0 (1.1) 2(1.2) 0.166 7. ) 3.1 (1.1) 0.008
ALT, mean (SD), U/L 25.6 (18.2) 17 9 (14.6) 0.001 33 4 (38.4) 28.1 (29.3) 0.087
AST, mean (SD), U/L 22.0(12.2) 17.5(7.8) 0.003 24.1 (19.5) 22.8 (20.0) 0.454
Triglycerides, median (IQR), mmol/L 1.6 (1.2t02.4) 1.1(09t0 1.7) <0.001 1.6 (1.1 t0 2.6) 1.1 (0.810 1.6) <0.001
Heart failure, n (%) 14 (3.9 2 (2.6) 0.559 14 (3.6) 1 4.2) 0.672
Coronary heart disease, n (%) 97 (27.9) 2 (28.2) 0.875 114 (29.2) 92 (35.40 0.094
Diabetic nephropathy, n (%) 89 (25.1) (16 7) 0.113 83 (21.2) 49 (18.9) 0.46
Diabetic retinopathy, n (%) 174 (49.0) 2 (53.9) 0.44 164 (42.0) 125 (48.1) 0.123
Diabetic peripheral neuropathy, n (%) 97 (27.9) (25 6) 0.762 99 (25.3) 87 (33.5) 0.024
Hypoglycemia, n (%) 41 (11.6) 1(14.1) 0.530 36 (9.2) 39 (15.0) 0.023
MBG, mean (SD), mmol/L 10.2 (1.9) 10.2 (2.0) 0.865 9.9(1.7) 10.3 (1.7) 0.003
PPGE, mean (SD), mmol/L 2.8(0.9 2.9(0.7) 0.135 29(1.0 3.2(1.0 0.002
LAGE, mean (SD), mmol/L 13.1(3.4) 13.0 (3.7) 0.816 12.93.2) 14.2 (3.1) <0.001
SDBG, mean (SD), mmol/L 3.0 (0.9 3.1(1.0) 0.620 3.1 (0.9 3.4(0.9) <0.001
Insulin dosage (units per day per kg) 0.73 (0.2) 0.72 (0.3 0.312 0.73 (0.2) 0.72 (0.3) 0.398

Values are mean (SD), or median [IQR] for continuous variables, and N (%) for categorical variables. BMI, body mass index; MBG, mean blood glucose; PPGE, postprandial glucose
excursion; LAGE, large amplitude of glycemic excursions; SDBG, standard deviation of MBG.
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TABLE 2 | Association of low muscle mass with glucose fluctuations (LAGE and SDBG) among participants with type 2 diabetes receiving CSlI therapy.

Model 1 Model 2 Model 3
Estimate f (95%Cl) p value Estimate B (95%Cl) p value Estimate B (95%Cl) p value

Female

LAGE -0.83 (-3.96 to 2.30) 0.603 -1.18 (-4.35 t0 1.99) 0.465 -1.37 (-4.74 to0 2.00) 0.426
SDBG -0.08 (-0.52 to 0.36) 0.724 -0.07 (-0.51 to0 0.38) 0.775 -0.13 (-0.60 to 0.34) 0.593
Male

LAGE 2.26 (1.01 to 3.51) <0.001 2.17 (0.92 to 3.41) <0.001 1.18 (0.51 to 3.11) 0.006
SDBG 0.45 (0.25 to 0.65) <0.001 0.41 (0.21 to 0.61) <0.001 0.31 (0.11 to 0.52) 0.003

Model 1: adjusted for HbATc, diabetes duration, hyperlipidemia, diabetic peripheral neuropathy, diabetic nephropathy, and cardiovascular disease;

Model 2: adjusted for covariates in Model 1 + age;
Model 3: adjusted for covariates in Model 2+ C-peptide.
Reference: non- Low muscle mass.

P interaction for between the status of low muscle mass and sex of patients on glucose fluctuations for (LAGE and SDBG) (p for interaction=0.021 and 0.029 for SDBG and LAGE, respectively).

CSll, continuous subcutaneous insulin infusion.
The bold values indicates the significant associations (P < 0.05).

However, the study was based on small sample size and whether
the association of glucose fluctuations with sarcopenia among
diabetes patients with cognitive impairment was modified by sex
was unclear. In addition, previous studies have shown that poor
glycemic control was associated with poor lower-limb muscle
quality, physical performance, and knee extensor strength
(18, 19).

To the best of our knowledge, there was no study performed
to explore the role of sex-dependent differences in the
relationship between low muscle mass and glucose fluctuations.
In our study including 1084 hospitalized patients with T2DM
receiving CSII therapy, we found that the association between
low muscle mass and glucose fluctuations was sex-specific. Low
muscle mass was significantly associated with a higher LAGE and
SDBG for males after adjustment for HbAlc, diabetes duration,
hyperlipidemia, diabetic peripheral neuropathy, diabetic
nephropathy, and cardiovascular disease. A significant
relationship has been repeatedly reported for association
between sarcopenia and age in T2DM individuals (7, 20).
Pancreatic B-cell function is an established risk factor for
glucose fluctuations (3, 21, 22). To assess the association
between low muscle mass and glucose fluctuations, we adjusted
age and C-peptide further. Those associations were also
significant after adjustment for age and C-peptide. Those
associations were also significant after adjustment for age and
C-peptide. But among females, low muscle mass was not
associated with LAGE or SDBG after adjustment for all
covariates. Low muscle mass is the key component of
sarcopenia. There are interactions between T2DM and
sarcopenia, and the existence of one disease may increase the
risk of developing the other (8, 9). T2DM can negatively affect
muscle health through insulin resistance (23, 24), advanced
glycation end-products (AGEs) accumulation (25),
inflammation (26, 27), oxidative stress (25), impaired protein
metabolism (19, 28), vascular mitochondrial dysfunction, and
cell death (9). In addition, glucose fluctuation is a greater trigger
of oxidative stress and inflammation than sustained
hyperglycemia (3, 29, 30) and may be involved in the
development and progression of low muscle mass. Low muscle
mass induced altered glucose disposal (10) and inter and
intramuscular adipose tissue accumulation increased local

inflammation (31), furthermore, sarcopenia may result in
deterioration for the development and progression of T2DM.

In our study, the prevalence of low muscle mass was higher in
males than in females. Low muscle mass was significantly
associated with a higher LAGE and SDBG for males, but not
for females. Previous researchers have revealed a sex gap in
metabolic regulation, diabetes susceptibility and risks for
sarcopenia amongst community-dwelling older adults,
according to which, males were more likely to be diabetes and
sarcopenic (32, 33). The underlying mechanism for such sex
difference in the association between low muscle mass and
fluctuations is unclear, whereas several potential biological
mechanisms may contribute. Firstly, sex hormones play diverse
roles in maintaining skeletal muscle homeostasis. Testosterone
could exert an anabolic effect on skeletal muscle and estrogens
have a protective effect on skeletal muscle. Age-induced sex
hormone changes contribute to muscle wasting (34). During
the aging process, levels of testosterone and insulin-like growth
factor-1 could significantly decrease in males that leading to a
rapid loss of muscle mass and strength, which significantly
increase the risk of sarcopenia (35). As the largest organ
responsible for insulin-induced glucose disposal in humans,
the rapid loss of the skeletal muscle in males might lead to
diminished insulin-induced glucose disposal and exacerbated
insulin resistance, resulting in severe glucose abnormalities
(36). Secondly, there are sex differences in metabolic adaption
and diabetes susceptibility. Males are more likely to develop
obesity, insulin resistance, and hyperglycemia than females in
response to nutritional challenges (12). Besides, future studies are
required to explore how sex differences contribute to the special
association between low muscle mass and glucose fluctuations,
further investigations could explore other mechanisms.

A major strength of this study is a large sample of hospitalized
T2DM patients receiving CSII therapy was included and the
monitoring of capillary blood glucose and tailoring of insulin
dosage was conducted following the standard protocol by trained
doctors and nurses. There are several limitations in our study.
Firstly, due to the limitation of observational studies, they could
not control factors that might affect the results of the study, and
therefore, we could not identify a causal relationship between low
muscle mass and glucose fluctuations in males. Secondly, some
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TABLE 3 | Subgroup analyses of associations of low muscle mass with glucose fluctuations (LAGE and SDBG) among participants with type 2 diabetes receiving CSlI

therapy.
Female Male

N Estimate B (95%Cl) p value P interaction N Estimate B (95%Cl) p value P interaction
LAGE
Age 0.566 0.160
<65 326 -0.27 (-4.17 to 3.62) 0.890 546 1.07 (0.06 to 2.08) 0.017
>65 107 -2.79 (-9.82 to 4.25) 0.438 105 5.09 (-0.70 to 10.90) 0.085
SDBG
Age 0.434 0.173
<65 326 0.08 (-0.52 to 0.69) 0.793 546 0.22 (0.03 to 0.41) 0.023
>65 107 -0.46(-1.28 to 0.36) 0.270 105 0.83 (0.05to 1.61) 0.037
LAGE
BMI 0.214 0.664
<18.5 39 1.11 (-0.95 to 3.18) 0.291 61 11.29 (-1.06 to 22.98) 0.073
18.5-23.9 209 -0.445 (-1.62 to 0.73) 0.459 278 -0.25 (-1.01 to 0.51) 0.523
24.0-27.9 127 -3.96 (-9.27 to 1.35) 0.143 218 5.70 (2.35 to 9.05) <0.001
>28.0 58 -3.99 (-10.10 to 1.70) 0.312 94 2.71 (-3.34 t0 8.76) 0.390
SDBG
BMI 0.674
<18.5 39 0.30 (-0.09 to 0.69) 0.131 0.188 61 1.62 (0.10 to 3.16) 0.037
18.5-23.9 209 0.01 (-0.29 t0 0.31) 0.960 278 -0.04 (-0.25 t0 0.31) 0.709
24.0-27.9 127 -1.05 (-2.47 t0 0.36) 0.146 218 0.62 (0.13to 1.10) 0.012
>28.0 58 -1.01 (-2.65 to 0.69) 0.204 94 0.59 (-0.99 t0 2.18) 0.562
LAGE
Diabetes duration 0.946 0.441
<5 20 5.84 (4.64 to 7.04) <0.001 20 4.07 (1.13to 7.01) 0.007
5-9.9 280 -1.51 (-5.62 to 2.59) 0.469 485 1.96 (0.32 to 3.59) 0.019
>10 133 -1.67 (-8.53 to 5.20) 0.634 146 1.65 (-0.47 to 0.45) 0.141
SDBG
Diabetes duration 0.967 0.491
<5 20 1.64 (0.90 to 2.31) <0.001 20 -2.81 (-2.87 to -2.75) <0.001
5-9.9 280 -0.26 (-0.89 to 0.37) 0.419 485 0.36 (0.10 to 0.62) 0.006
>10 133 -0.09 (-0.92 to 0.74) 0.824 146 0.33 (-0.04 to 0.71) 0.083
LAGE
Diabetic nephropathy 0.483 0.228
No 331 -0.77 (-3.93 to 2.37) 0.628 519 2.15(0.49 t0 3.82) 0.011
Yes 102 -2.48 (-13.59 to0 9.80) 0.661 132 0.22 (-0.91 to 1.45) 0.724
SDBG
Diabetic nephropathy 0.340 0.283
No 331 -0.03 (-0.52 to 0.46) 0.906 519 0.35 (0.10 to 0.60) <0.001
Yes 102 -0.36 (-1.78 to 1.06) 0.620 132 0.09 (-0.25 t0 0.42) 0.615
LAGE
Diabetic peripheral neuropathy 0.308 0.562
No 316 -0.89 (-3.85 to 2.07) 0.555 465 0.84(-0.61 to 2.29) 0.257
Yes 17 -0.76(-1.81 to 1.49) 0.467 186 0.85 (-0.60 to 2.29) 0.253
SDBG
Diabetic peripheral neuropathy 0.647 0.820
No 316 0.17 (-0.04 t0 0.38) 0.120 465 0.32 (0.08 to 0.56) 0.009
Yes 17 0.17 (-0.04 t0 0.38) 0.116 186 0.33 (-0.04 to 0.08) 0.100
LAGE
Cardiovascular disease 0.232 0.567
No 314 -0.09 (-3.67 to 3.50) 0.962 445 1.89 (0.06 to 3.72) 0.043
Yes 119 -2.25 (-10.46 to 5.95) 0.591 206 1.49 (0.02 to 2.96) 0.046
SDBG
Cardiovascular disease 0.153 0.606
No 314 0.10 (-0.46 to 0.65) 0.734 445 0.34 (0.05 to 0.62) 0.019
Yes 119 -0.45 (-1.42 to 0.53) 0.370 206 0.26 (-0.003 to 0.52) 0.052

Adjusted for HbATc, diabetes duration, hyperlipidemia, diabetic peripheral neuropathy, diabetic nephropathy, cardiovascular disease, age, and C-peptide.

CSlI, continuous subcutaneous insulin infusion.
Reference: non- Low muscle mass.

detailed information, such as physical activity and low muscle
strength which may impact glucose control, was not available in
this study. Thirdly, standard capillary blood glucose monitoring
was applied to evaluate glucose levels, while continuous glucose

monitoring (CGM) might represent a more accurate glucose
profile. However, the cost of CGM is too high to apply in routine
clinical practice in China. Self-monitoring of blood glucose is still
commonly used to determine glycemic variability indices,
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especially in developing countries (37-39). We measured glucose
levels 7 times per day by a trained nurse using a unified
glucometer on 7 separate days during the in-hospital period,
our data could reflect the characteristics of glucose profiles over
this period. Finally, major participants were Chinese, further
study should be generalized to other populations.

CONCLUSION

In the present study based on hospitalized patients with T2DM
receiving CSII therapy, we found the prevalence of low muscle
mass was higher in males than in females and a significant sex-
specific association between low muscle mass and glucose
fluctuations (LAGE and SDBG). Low muscle mass was
significantly associated with a higher LAGE and SDBG for
males, but not for females. The findings suggest that we should
pay more attention to glucose fluctuations in male T2DM
patients with low muscle mass when using medication to
control glucose in clinical practice.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Ceriello A, Kilpatrick ES. Glycemic Variability: Both Sides of the Story.
Diabetes Care (2013) 36 (Suppl 2):S272-5. doi: 10.2337/dcS13-2030

2. Skrha 7J, éoupal J, Skrha J Jr, Prazny M. Glucose Variability, HbAlc and
Microvascular Complications. Rev endocr Metab Disord (2016) 17(1):103-10.
doi: 10.1007/s11154-016-9347-2

3. Zhang ZY, Miao LF, Qian LL, Wang N, Qi MM, Zhang YM, et al. Molecular
Mechanisms of Glucose Fluctuations on Diabetic Complications. Front
Endocrinol (2019) 10:640. doi: 10.3389/fend0.2019.00640

4. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al.
Sarcopenia: Revised European Consensus on Definition and Diagnosis. Age
Ageing (2019) 48(1):16-31. doi: 10.1093/ageing/afy169

5. Anagnostis P, Gkekas NK, Achilla C, Pananastasiou G, Taouxidou P, Mitsiou
M, et al. Type 2 Diabetes Mellitus Is Associated With Increased Risk of
Sarcopenia: A Systematic Review and Meta-Analysis. Calcified Tissue Int
(2020) 107(5):453-63. doi: 10.1007/s00223-020-00742-y

6. Veronese N, Stubbs B, Punzi L, Soysal P, Incalzi RA, Saller A, et al. Effect of
Nutritional Supplementations on Physical Performance and Muscle Strength
Parameters in Older People: A Systematic Review and Meta-Analysis. Ageing
Res Rev (2019) 51:48-54. doi: 10.1016/j.arr.2019.02.005

7. Izzo A, Massimino E, Riccardi G, Della Pepa G. A Narrative Review on
Sarcopenia in Type 2 Diabetes Mellitus: Prevalence and Associated Factors.
Nutrients (2021) 13(1):183. doi: 10.3390/nu13010183

8. Liccini A, Malmstrom TK. Frailty and Sarcopenia as Predictors of Adverse
Health Outcomes in Persons With Diabetes Mellitus. ] Am Med Directors
Assoc (2016) 17(9):846-51. doi: 10.1016/j.jamda.2016.07.007

9. Mesinovic ], Zengin A, De Courten B, Ebeling PR, Scott D. Sarcopenia and
Type 2 Diabetes Mellitus: A Bidirectional Relationship. Diabetes Metab

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The ethics committee of the First Affiliated Hospital
of Xiamen University. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

XLS, WJL, WL, and XJL were involved in the design of the study.
XLS conducted the data analysis. All authors were involved in the
recruitment of participants and blood sample collection. XLS and
WIJL completed the first draft of the manuscript. All authors were
involved in the critical revision of the manuscript. All authors
read and approved the final manuscript. XLS, WJL, WL, and XJL
guarantee this work and take responsibility for the integrity of
the data. All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by the Natural Science Foundation of
Fujian Province, China (No. 2021J011344) and Medical and
Health Project of Xiamen (No. 3502Z20214ZD1025).

syndrome obesity: Targets Ther (2019) 12:1057-72. doi: 10.2147/
dmso.5186600

10. Scott D, de Courten B, Ebeling PR. Sarcopenia: A Potential Cause and
Consequence of Type 2 Diabetes in Australia's Ageing Population? Med ]
Aust (2016) 205(7):329-33. doi: 10.5694/mjal6.00446

11. Ogama N, Sakurai T, Kawashima S, Tanikawa T, Tokuda H, Satake S, et al.
Association of Glucose Fluctuations With Sarcopenia in Older Adults With
Type 2 Diabetes Mellitus. J Clin Med (2019) 8(3):319. doi: 10.3390/
jcm8030319

12. Tramunt B, Smati S, Grandgeorge N, Lenfant F, Arnal JF, Montagner A, et al.
Sex Differences in Metabolic Regulation and Diabetes Susceptibility.
Diabetologia (2020) 63(3):453-61. doi: 10.1007/s00125-019-05040-3

13. Zhou B. [Predictive Values of Body Mass Index and Waist Circumference to
Risk Factors of Related Diseases in Chinese Adult Population]. Zhonghua liu
xing bing xue za zhi = Zhonghua liuxingbingxue zazhi (2002) 23(1):5-10.

14. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, et al.
Sarcopenia in Asia: Consensus Report of the Asian Working Group for
Sarcopenia. ] Am Med Directors Assoc (2014) 15(2):95-101. doi: 10.1016/
jjamda.2013.11.025

15. Chen L, Sun W, Liu Y, Zhang L, Lv Y, Wang Q, et al. Association of Early-
Phase In-Hospital Glycemic Fluctuation With Mortality in Adult Patients
With Coronavirus Disease 2019. Diabetes Care (2021) 44(4):865-73.
doi: 10.2337/dc20-0780

16. Sokooti S, Kieneker LM, Borst MH, Muller Kobold A, Kootstra-Ros JE,
Gloerich J, et al. Plasma C-Peptide and Risk of Developing Type 2 Diabetes
in the General Population. J Clin Med (2020) 9(9):3001. doi: 10.3390/
jem9093001

17. Jeyam A, Colhoun H, McGurnaghan S, Blackbourn L, McDonald TJ, Palmer
CNA, et al. Clinical Impact of Residual C-Peptide Secretion in Type 1 Diabetes

Frontiers in Endocrinology | www.frontiersin.org

July 2022 | Volume 13 | Article 913207


https://doi.org/10.2337/dcS13-2030
https://doi.org/10.1007/s11154-016-9347-2
https://doi.org/10.3389/fendo.2019.00640
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1007/s00223-020-00742-y
https://doi.org/10.1016/j.arr.2019.02.005
https://doi.org/10.3390/nu13010183
https://doi.org/10.1016/j.jamda.2016.07.007
https://doi.org/10.2147/dmso.S186600
https://doi.org/10.2147/dmso.S186600
https://doi.org/10.5694/mja16.00446
https://doi.org/10.3390/jcm8030319
https://doi.org/10.3390/jcm8030319
https://doi.org/10.1007/s00125-019-05040-3
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.2337/dc20-0780
https://doi.org/10.3390/jcm9093001
https://doi.org/10.3390/jcm9093001
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Shi et al.

Muscle Mass and Glucose Fluctuations

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

on Glycemia and Microvascular Complications. Diabetes Care (2021) 44
(2):390-8. doi: 10.2337/dc20-0567

Yoon JW, Ha YC, Kim KM, Moon JH, Choi SH, Lim S, et al. Hyperglycemia Is
Associated With Impaired Muscle Quality in Older Men With Diabetes: The
Korean Longitudinal Study on Health and Aging. Diabetes Metab ] (2016) 40
(2):140-6. doi: 10.4093/dm;.2016.40.2.140

Kalyani RR, Metter EJ, Egan J, Golden SH, Ferrucci L. Hyperglycemia Predicts
Persistently Lower Muscle Strength With Aging. Diabetes Care (2015) 38
(1):82-90. doi: 10.2337/dc14-1166

Murata Y, Kadoya Y, Yamada S, Sanke T. Sarcopenia in Elderly Patients With
Type 2 Diabetes Mellitus: Prevalence and Related Clinical Factors. Diabetol
Int (2018) 9(2):136-42. doi: 10.1007/s13340-017-0339-6

Shao C, Gu J, Meng X, Zheng H, Wang D. Systematic Investigation Into the
Role of Intermittent High Glucose in Pancreatic Beta-Cells. Int ] Clin Exp Med
(2015) 8(4):5462-9.

Murata M, Adachi H, Oshima S, Kurabayashi M. Glucose Fluctuation and the
Resultant Endothelial Injury are Correlated With Pancreatic B Cell
Dysfunction in Patients With Coronary Artery Disease. Diabetes Res Clin
Pract (2017) 131:107-15. doi: 10.1016/j.diabres.2017.07.007

Kuo CK, Lin LY, Yu YH, Wu KH, Kuo HK. Inverse Association Between
Insulin Resistance and Gait Speed in Nondiabetic Older Men: Results From
the U.S. National Health and Nutrition Examination Survey (NHANES)
1999-2002. BMC geriatrics (2009) 9:49. doi: 10.1186/1471-2318-9-49

Lee CG, Boyko EJ, Strotmeyer ES, Lewis CE, Cawthon PM, Hoffman AR, et al.
Association Between Insulin Resistance and Lean Mass Loss and Fat Mass
Gain in Older Men Without Diabetes Mellitus. ] Am Geriatrics Soc (2011) 59
(7):1217-24. doi: 10.1111/j.1532-5415.2011.03472.x

Aragno M, Mastrocola R, Catalano MG, Brignardello E, Danni O, Boccuzzi G.
Oxidative Stress Impairs Skeletal Muscle Repair in Diabetic Rats. Diabetes
(2004) 53(4):1082-8. doi: 10.2337/diabetes.53.4.1082

Park SW, Goodpaster BH, Strotmeyer ES, Kuller LH, Broudeau R, Kammerer
C, et al. Accelerated Loss of Skeletal Muscle Strength in Older Adults With
Type 2 Diabetes: The Health, Aging, and Body Composition Study. Diabetes
Care (2007) 30(6):1507-12. doi: 10.2337/dc06-2537

Payette H, Roubenoft R, Jacques PF, Dinarello CA, Wilson PW, Abad LW, et al.
Insulin-Like Growth Factor-1 and Interleukin 6 Predict Sarcopenia in Very Old
Community-Living Men and Women: The Framingham Heart Study. ] Am
Geriatrics Soc (2003) 51(9):1237-43. doi: 10.1046/j.1532-5415.2003.51407 x
Russell ST, Rajani S, Dhadda RS, Tisdale MJ. Mechanism of Induction of
Muscle Protein Loss by Hyperglycaemia. Exp Cell Res (2009) 315(1):16-25.
doi: 10.1016/j.yexcr.2008.10.002

Ceriello A, Esposito K, Piconi L, Ihnat MA, Thorpe JE, Testa R, et al.
Oscillating Glucose Is More Deleterious to Endothelial Function and
Oxidative Stress Than Mean Glucose in Normal and Type 2 Diabetic
Patients. Diabetes (2008) 57(5):1349-54. doi: 10.2337/db08-0063

Ohara M, Nagaike H, Goto S, Fukase A, Tanabe Y, Tomoyasu M, et al.
Improvements of Ambient Hyperglycemia and Glycemic Variability Are
Associated With Reduction in Oxidative Stress for Patients With Type 2 Diabetes.
Diabetes Res Clin Pract (2018) 139:253-61. doi: 10.1016/j.diabres.2018.02.017
Marcus RL, Addison O, Dibble LE, Foreman KB, Morrell G, Lastayo P.
Intramuscular Adipose Tissue, Sarcopenia, and Mobility Function in Older
Individuals. ] Aging Res (2012) 2012:629637. doi: 10.1155/2012/629637

32. Tay L, Ding YY, Leung BP, Ismail NH, Yeo A, Yew S, et al. Sex-Specific
Differences in Risk Factors for Sarcopenia Amongst Community-Dwelling
Older Adults. Age (Dordrecht Netherlands) (2015) 37(6):121. doi: 10.1007/
s11357-015-9860-3

33. Du Y, Wang X, Xie H, Zheng S, Wu X, Zhu X, et al. Sex Differences in the
Prevalence and Adverse Outcomes of Sarcopenia and Sarcopenic Obesity in
Community Dwelling Elderly in East China Using the AWGS Criteria. BMC
endocr Disord (2019) 19(1):109. doi: 10.1186/s12902-019-0432-x

34. Anderson LJ, Liu H, Garcia JM. Sex Differences in Muscle Wasting. Adv Exp
Med Biol (2017) 1043:153-97. doi: 10.1007/978-3-319-70178-3_9

35. Kim KM, Jang HC, Lim S. Differences Among Skeletal Muscle Mass Indices
Derived From Height-, Weight-, and Body Mass Index-Adjusted Models in
Assessing Sarcopenia. Korean ] Internal Med (2016) 31(4):643-50.
doi: 10.3904/kjim.2016.015

36. NCD Risk Factor Collaboration (NCD-RisC) Abarca-Gémez L, Abdeen ZA,
Abdul Hamid Z, Abu-Rmeileh NM, Acosta-Cazares B, Acuin C, et al.
Worldwide Trends in Body-Mass Index, Underweight, Overweight, and
Obesity From 1975 to 2016: A Pooled Analysis of 2416 Population-Based
Measurement Studies in 128.9 Million Children, Adolescents, and Adults.
Lancet (London England) (2017) 390(10113):2627-42. doi: 10.1016/s0140-
6736(17)32129-3

37. Klatman EL, Jenkins AJ, Ahmedani MY, Ogle GD. Blood Glucose Meters and
Test Strips: Global Market and Challenges to Access in Low-Resource
Settings. Lancet Diabetes Endocrinol (2019) 7(2):150-60. doi: 10.1016/
$2213-8587(18)30074-3

38. Weinstock RS, Braffett BH, McGuigan P, Larkin ME, Grover NB, Walders-
Abramson N, et al. Self-Monitoring of Blood Glucose in Youth-Onset Type 2
Diabetes: Results From the TODAY Study. Diabetes Care (2019) 42(5):903-9.
doi: 10.2337/dc18-1854

39. Zhang Y, Dai ], Han X, Zhao Y, Zhang H, Liu X, et al. Glycemic Variability
Indices Determined by Self-Monitoring of Blood Glucose Are Associated
With B-Cell Function in Chinese Patients With Type 2 Diabetes. Diabetes Res
Clin Pract (2020) 164:108152. doi: 10.1016/j.diabres.2020.108152

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Shi, Liu, Zhang, Xiao, Huang, Yan, Zhang, Su, Jiang, Lin, Liu and
Li. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

July 2022 | Volume 13 | Article 913207


https://doi.org/10.2337/dc20-0567
https://doi.org/10.4093/dmj.2016.40.2.140
https://doi.org/10.2337/dc14-1166
https://doi.org/10.1007/s13340-017-0339-6
https://doi.org/10.1016/j.diabres.2017.07.007
https://doi.org/10.1186/1471-2318-9-49
https://doi.org/10.1111/j.1532-5415.2011.03472.x
https://doi.org/10.2337/diabetes.53.4.1082
https://doi.org/10.2337/dc06-2537
https://doi.org/10.1046/j.1532-5415.2003.51407.x
https://doi.org/10.1016/j.yexcr.2008.10.002
https://doi.org/10.2337/db08-0063
https://doi.org/10.1016/j.diabres.2018.02.017
https://doi.org/10.1155/2012/629637
https://doi.org/10.1007/s11357-015-9860-3
https://doi.org/10.1007/s11357-015-9860-3
https://doi.org/10.1186/s12902-019-0432-x
https://doi.org/10.1007/978-3-319-70178-3_9
https://doi.org/10.3904/kjim.2016.015
https://doi.org/10.1016/s0140-6736(17)32129-3
https://doi.org/10.1016/s0140-6736(17)32129-3
https://doi.org/10.1016/s2213-8587(18)30074-3
https://doi.org/10.1016/s2213-8587(18)30074-3
https://doi.org/10.2337/dc18-1854
https://doi.org/10.1016/j.diabres.2020.108152
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Sex-Specific Associations Between Low Muscle Mass and Glucose Fluctuations in Patients With Type 2 Diabetes Mellitus
	Introduction
	Materials and Methods
	Study Design and Participants
	Glucose Control
	Date Collection
	Anthropometric and Body Composition Measurements
	Evaluation of Low Muscle Mass, Glucose Fluctuation, and Pancreatic β-Cell Function
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


