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Objective: To explore the association between serum leucine (leu) and diabetic
retinopathy (DR) in patients with type 2 diabetes (T2D) and then to analyze the influence
of gender on the association.

Method: The electronic medical records of 1,149 T2D patients who met inclusion and
exclusion criteria were retrieved from the Second Affiliated Hospital of Dalian Medical
University and the First Affiliated Hospital of Jinzhou Medical University. Serum leu levels of
all subjects were measured by liquid chromatography–mass spectrometry. Logistic
regression was used to obtain the odds ratio (OR) and CI of leu–DR risk in multiple
models. When using these models, restricted cubic spline (RCS) was used to test the
potential non-linear relationship between multiple continuous independent variables, such
as leu and DR (classification), and dependent variables. We also used the additive
interaction method to evaluate the interaction effect between leu and gender on DR.

Results: Leu was a protective factor of DR [0.78 (0.66, 0.92)]. When gender was divided
into male and female, the above relationship was statistically significant only in men [0.73
(0.58, 0.94)]. Three indicators of additive interaction—RERI, AP, and S—suggested that
there is no interaction between gender and leu on the risk of DR.

Conclusions: Male T2D patients with high leu levels may have a lower risk of DR.
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INTRODUCTION

Diabetes is a typical metabolic disease with high prevalence and
serious complications (1), and the number of people suffering
from the disease is increasing at an accelerated rate. In 2012,
statistics showed that the number of people with the disease had
reached 370 million, and it is expected that 552 million people
worldwide will be affected by diabetes by 2030 (2). Due to a lack
of awareness of diabetes screening, a significant number of
patients only seek medical attention after the onset of
symptoms, and the chronic nature of the disease leads to a
lack of attention, which ultimately results in a higher and higher
rate of complications and increasingly severe symptoms. In
addition to increasing the risk of common cardiovascular and
cerebrovascular diseases, it can also lead to microvascular
diseases such as diabetic retinopathy (DR) and diabetic
nephropathy (DN) (3). Among the microvascular diseases, DR
is common and serious with a prevalence rate of 8.1% in diabetic
patients in China (4), which can lead to irreversible blindness
and bring a heavy burden to patients and their families.
However, the prevalence of DR in China is significantly lower
than in the rest of the world. Even after adjusting for
confounding factors such as age–sex composition, the
prevalence of DR in China (19.9%) remains lower than in the
world (34.6%), Norway (34.6%), the United States (28.5%),
Iceland (25.2%), and Africa (30.2%–31.6%) (5–9). The above
data suggest that DR deserves global attention and exploration.

In recent years, metabolomics techniques have gradually
become a new approach to the study of diabetes, providing a
more scientific basis for the prevention and treatment of diabetes
and its complications (10–12). Studies have found that
branched-chain amino acids (BACC: leucine (leu), isoleucine,
and valine) show an increasing trend in patients with metabolic
syndrome (13–15), implying that elevated serum BACC are
associated with the development of insulin resistance. BACC
are very important signaling molecules in human anabolism, of
which leu is involved in protein synthesis and is also a potent
activator of mammalian target of rapamycin (mTOR), a serine/
threonine kinase involved in many cellular processes, including
protein synthesis, cell growth, and metabolism (16–19). Indeed,
supplementation with leu increases net protein metabolism in a
variety of tissues (20, 21). However, by activating mTOR and S6
kinase, leu also feedback-inhibits insulin signaling and reduces
glucose utilization in skeletal muscle (22, 23), which means that
leu is likely to be a new marker like body mass index (BMI),
which can help identify patients with metabolic syndrome (13,
14, 24–27). It is now widely accepted that leu is involved in the
development and progression of diabetes (28–32), but relatively
little research has been done on its complications in DR. We
know that when blood sugar is better controlled, the incidence
and severity of associated complications can be improved (33,
34). We can therefore assume that the use of leu can improve
blood glucose while reducing the severity of DR, and they act by
the same mechanism.

In view of this, case reports of 1,149 patients with type 2
diabetes (T2D) from the Second Affiliated Hospital of Dalian
Medical University and the First Affiliated Hospital of Jinzhou
Frontiers in Endocrinology | www.frontiersin.org 2
Medical University were collected in this paper to further explore
the association between serum leu concentration and DR in
patients with T2D and to analyze the influence of gender on the
above association.
MATERIALS AND METHODS

Study Method and Population
The electronic medical records of 1,306 patients with diabetes
were retrieved from the Second Affiliated Hospital of Dalian
Medical University (Liaoning, China) and the First Affiliated
Hospital of Jinzhou Medical University (Liaoning, China). The
inclusion criteria were individuals diagnosed with T2D; the
exclusion criteria were 1) age under 18 years and 2) absence of
any indicators of concern. Of the 1,306 patients, 1,286 were
identified with T2D; 1,285 of them were older than 18 years;
1,149 patients were retained after final deletion due to partial
absence of triglyceride (TG), high-density lipoprotein cholesterol
(HDL_C), low-density lipoprotein cholesterol (LDL_C), serum
creatinine (SCR), estimated glomerular filtration rate (eGFR),
urinary creatinine (UA), and leu, of which 269 (23.41%) were
diagnosed with DR. The diagnosis and differentiation of T2D
patients are based on the relevant standards of WHO (2011)
diabetes etiology Credit System (35). The diagnosis and
identification of retinal lesions are based on “the new Edition
of the Guidelines for the Diagnosis and Treatment of Diabetic
Retinopathy and Macular Edema” (36), as revised by the Royal
College of Ophthalmologists (RCM) in 2020.

The Ethics Committee for Clinical Research of the Second
Affiliated Hospital of Dalian Medical University and the First
Affiliated Hospital of Jinzhou Medical University approved
the ethics of the study, and informed consent was waived due
to the retrospective nature of the study, which is consistent with
the Declaration of Helsinki.

Data Collection and Clinical Definitions
Through consulting data and consulting doctors, 20 indices
including baseline data, laboratory test indices, and
complications of patients with T2D were determined and
retrieved from the electronic medical records of the Second
Affiliated Hospital of Dalian Medical University and the First
Affiliated Hospital of Jinzhou Medical University. Baseline data
included age, gender, BMI, smoke, drink, systolic blood pressure
(SBP), diastolic blood pressure (DBP), and course of the disease
(time). The laboratory indicators included Val (valine),
glycosylated hemoglobin (HbA1c), TG, HDL_C, low-LDL_C,
SCR, eGFR, and UA. Complications included DR, DN, stroke,
and coronary heart disease (CHD). Among them, gender,
smoking, alcohol consumption, DN, DR, stroke, and CHD
were 7 indicator classification variables, and the remaining 13
indicators were continuous variables.

Anthropometric indices were measured by using
standardized procedures in hospitals. Participants were allowed
to wear light clothes and no shoes; height and weight were
measured to the nearest 0.5 cm and 0.1, kg respectively. Blood
pressure was measured behind the right arm by an adult cuff
March 2022 | Volume 13 | Article 806807
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using a standard mercury sphygmomanometer and post-
measurement at an appropriate size, after a 10-min rest while
in a sitting position. Age was calculated from the date of birth to
the date of hospitalization or medical examination and was
calculated in years. The BMI was calculated as the ratio of
weight (kg) to squared height (m) classifying overweight
and obesity according to the criteria (37) recommended by the
National Health Commission in China. The identification of DR
is usually based on the patient’s diabetes history combined with
ophthalmologic fundus examination and special examination
(fundus fluorescence angiography). Microaneurysms and small
hemorrhagic spots are the earliest and relatively accurate signs
of retinopathy. The severity of DR was not classified in
this paper.

Laboratory Assay
Dried blood spots were used in the assay of metabolomics, which
were prepared from capillary whole blood through 8-h fasting.
The metabolites were measured by direct infusion mass
spectrometry technology equipped with the AB Sciex 4000
QTrap system (AB Sciex, Framingham, MA, USA). High-
purity water and acetonitrile were purchased from Thermo
Fisher (Waltham, MA, USA) and utilized as diluting agent and
mobile phase. 1-Butanol and acetyl chloride were obtained from
Sigma-Aldrich (St Louis, MO, USA). Isotope-labeled internal
standard samples of amino acids (NSK-A) were purchased from
Cambridge Isotope Laboratories (Tewksbury, MA, USA), while
standard samples of the leu were purchased from Chromsystems
(Grafelfing, Germany). That is to say, 8.5 ml of venous blood
was drawn from each participant at 0800 to 0930h after 8-h
fasting. Laboratory tests were carried out at a special diagnostic
laboratory. The level of lipid profiles was analyzed by an
automatic biochemistry analyzer (Hitachi 7150, Tokyo, Japan).
The levels of HDL-C and LDL-C were also assessed by the
selective solubilization method (Determiner L-HDL, LDL test
kit; Kyowa Medex, Tokyo, Japan).

Statistical Analysis
Continuous variables are described by mean ± SD when they meet
the normal distribution and median ± quartile spacing
(interquartile range) if otherwise. The categorical variable was in
numbers (percentage). When comparing whether there are
differences in continuous variables between patients with DR and
non-patients (N-DR), if the normal distribution is satisfied, a two-
independent-samples t-test is used. On this condition, if
homogeneity of variance is not satisfied, the Satterthwaite method
will be used to adjust the degrees of freedom. If the normal
distribution is not satisfied, the rank-sum test is used. The chi-
square test was used to compare whether there were differences in
classification variables between patients with DR and N-DR.
Whether there was a difference between the DR group and N-DR
groups was tested separately in men and women.

A binary logistic regression model was established to obtain
the odds ratio (OR) and their 95% CIs. Traditional risk factors
for T2D patients with DR were adjusted using a structured
adjustment scheme. In this paper, 8 models were constructed
to explore the relationship between leu and DR. Leu was
Frontiers in Endocrinology | www.frontiersin.org 3
incorporated into the model according to classification
variables and continuous variables (2 categories in total). leu,
leu + baseline data (Model2), leu + baseline data + laboratory test
index (Model3), and leu + baseline data + laboratory test index +
complication index (Model4) (4 categories in total) were used to
construct 8 models (8 = 2 * 4). A restricted cubic spline (RCS)
curve is a smooth curve, which is often used when the linear
relationship between independent variables and dependent
variables is not satisfied in a model. According to the sample
size, 5-node RCS was chosen (the number of nodes has little
influence on fitting, and the location is more important). By
observing RCS curves and combining professional knowledge,
the last point of leu and DR curves when OR = 1 was selected as
the cutoff point.

Repeated logistic regression analysis was performed in men
and women to obtain OR values. Additive interaction analysis
was used to verify the relationship between gender (male or
female) and leu (in 2 groups by RCS cutoff) for DR (38, 39). The
relative excess risk due to interaction (RERI), attributable
proportion due to interaction (AP), and synergy index (S) were
calculated to estimate additive interactions (40). RERI > 0, AP >
0, or S > 1 indicates a significant additive interaction.

Of 1,149 samples, 80% were randomly selected as a training
set to build a logistic regression model. The remaining 20% (N =
229) serve as a validation set to check the merits of the
constructed model. At the same time, the variable leu
(Model5) was removed on the basis of Model4, and finally,
four receiver operating characteristic (ROC) curves (Model4 and
Model5) * (with leu and without leu) were drawn to verify the
validity of the model and the contribution of leu in the model
(leu is included in the form of categorical variables).

The significance level was 0.05, which means p < 0.05 was
considered statistically significant. All analyses were performed
using R version 4.1.1 and SAS version 9.4 (Institute Inc., Cary,
NC, USA).
RESULT

Description of Study Subjects
A total of 1,149 patients with T2D were collected in this study,
including 558 (48.56%) women. A total of 269 diabetic patients
were diagnosed with DR, including 126 (46.84%) men. The mean
age and BMI of all patients were 62.00 (54.00–68.00) and 25.91
(23.51–28.37). Table 1 shows the baseline data, laboratory test
indicators, and complications of the patients based on gender,
and the results showed the following:

1. The results were consistent when leu was analyzed as a
continuous variable or a categorical variable, indicating that
it was a protective factor in all genders and men, while the
difference was not statistically significant in women.

2. Age (continuity) was a risk factor for DR in all genders. After
stratification by gender, these relationships were found only
in men. Age was no longer a risk factor for retinopathy after
stratification at 65 years, and there was no difference between
genders.
March 2022 | Volume 13 | Article 806807
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3. When HDL_C was analyzed as a continuous variable,
baseline information HDL_C was a protective factor for
DR in both men and women. When analyzed by
categorical variables, HDL_C was a protective factor for DR
in men, the percentage of men with DR who had high levels
of HDL_C was significantly lower, and there exists no
statistically significant difference among women.

4. Baseline information LDL_C was a risk factor for DR in both
men and women when LDL_C was analyzed by continuous
variables and categorical variables. The proportion of DR
patients with high levels of LDL_C was significantly higher.

5. Regardless of gender stratification, baseline information SBP,
course of disease (time), laboratory test index SCR, and
complication index DN were risk factors for DR.

6. Baseline data were BMI (continuous), BMI (classification), and
DBP; laboratory test indicators were HbA1c, TG, UA, Val,
Frontiers in Endocrinology | www.frontiersin.org 4
eGFR (continuous), eGFR (classification), and complication
indicators: CHD and stroke were not statistically different
from DR regardless of gender stratification.
The Relationship Between Leucine and
Diabetic Retinopathy
After processing leu with RCS, it was found that the OR curve of
the occurrence probability of leu and DR met a linear
relationship, and the risk would gradually decrease with the
increase of leu. As can be seen from the observation in Figure 1,
OR can be obviously divided into two categories with 1 as the
cutoff point. In this paper, the last point with OR equal to 1 was
taken as the cutoff point, i.e., 120 mmol/L, which was divided into
two categories (Figure 1). In this paper, continuous variables in
TABLE 1 | Difference analysis of related indicators of DR after gender stratification.

Variables Women (558) p Men (591) p

DR (143) N-DR (415) DR (126) N-DR (465)
Median/N (q1–q3/%) Median/N (q1–q3/%) Median/N (q1–q3/%) Median/N (q1–q3/%)

age 63.00 (56.00–69.00) 62.00 (54.00–69.00) 0.514 60.00 (51.00–66.00) 56.00 (47.00–65.00) 0.019
age1 = 1 61 (42.66%) 175 (42.17%) 0.919 39 (30.95%) 121 (26.02%) 0.269
time 14.00 (7.00–20.00) 6.00 (1.00–12.00) <0.0001 13.50 (6.00–20.00) 6.00 (1.00–10.00) <0.0001
time1 = 1 36 (25.17%) 232 (55.90%) 40 (31.75%) 265 (56.99%)
time1 = 2 66 (46.15%) 147 (35.42%) 53 (42.06%) 164 (35.27%)
time1 = 3 41 (28.67%) 36 (8.67%) 33 (26.19%) 36 (7.74%)
smoke = 1 4 (2.80%) 20 (4.82%) 0.304 47 (37.30%) 207 (44.52%) 0.147
drink = 1 2 (1.40%) 9 (2.17%) 0.568 32 (25.40%) 159 (34.19%) 0.061
BMI 25.71 (23.05–28.31) 25.34 (22.89–28.44) 0.653 26.11 (24.09–28.40) 26.12 (24.06–28.40) 0.846
BMI1 = 1 1 (0.70%) 7 (1.69%) 0.837 1 (0.79%) 7 (1.51%) 0.918
BMI1 = 2 46 (32.17%) 135 (32.53%) 29 (23.02%) 107 (23.01%)
BMI1 = 3 58 (40.56%) 160 (38.55%) 58 (46.03%) 219 (47.10%)
BMI1 = 4 38 (26.57%) 113 (27.23%) 38 (30.16%) 132 (28.39%)
SBP 150.00 (132.00–167.00) 144.00 (129.00–158.00) 0.016 147.00 (131.00–159.00) 141.00 (127.00–155.00) 0.013
DBP 78.00 (71.00–87.00) 80.00 (72.00–88.00) 0.638 80.50 (75.00–89.00) 83.00 (76.00–91.00) 0.138
leu 112.44 (93.79–130.85) 115.27 (97.26–136.46) 0.215 122.62 (102.47–144.01) 130.66 (108.33–158.57) 0.003
leu1 = 1 54 (37.76%) 179 (43.13%) 0.261 67 (53.17%) 289 (62.15%) 0.068
Val 135.53 (114.13–161.24) 131.96 (113.11–160.91) 0.506 143.08 (121.54–165.85) 145.42 (121.21–171.59) 0.616
HbA1c 9.00 (7.40–10.60) 8.60 (7.40–10.50) 0.563 8.55 (7.20–10.60) 8.90 (7.30–10.50) 0.633
SCR 45.24 (3.69–58.01) 35.66 (2.87–51.48) 0.000 62.82 (5.34–83.13) 41.80 (2.75–70.04) <0.0001
TG 1.63 (1.04–2.48) 1.69 (1.17–2.35) 0.355 1.56 (1.08–2.86) 1.62 (1.11–2.46) 0.775
UA 305.00 (242.09–349.00) 297.00 (238.00–354.12) 0.580 357.61 (295.00–440.64) 345.00 (283.60–403.35) 0.054
HDL_C 1.40 (1.18–4.16) 2.12 (1.25–4.77) 0.012 1.22 (0.97–2.79) 2.02 (1.11–4.44) 0.000
HDL_C1 = 1 38 (26.57%) 88 (21.20%) 0.072 57 (45.24%) 157 (33.76%) 0.007
HDL_C1 = 2 72 (50.35%) 190 (45.78%) 50 (39.68%) 180 (38.71%)
HDL_C1 = 3 33 (23.08%) 137 (33.01%) 19 (15.08%) 128 (27.53%)
LDL_C 2.12 (1.33–2.78) 1.57 (1.09–2.58) 0.008 2.03 (1.22–2.73) 1.44 (0.93–2.50) 0.001
LDL_C1 = 1 68 (47.55%) 250 (60.24%) 0.029 62 (49.21%) 297 (63.87%) 0.008
LDL_C1 = 2 41 (28.67%) 87 (20.96%) 40 (31.75%) 95 (20.43%)
LDL_C1 = 3 34 (23.78%) 78 (18.80%) 24 (19.05%) 73 (15.70%)
eGFR 90.00 (53.00–90.00) 83.40 (50.31–90.00) 0.280 90.00 (67.91–90.00) 86.38 (63.70–90.00) 0.327
eGFR1 = 1 44 (30.77%) 154 (37.11%) 0.392 24 (19.05%) 82 (17.63%) 0.195
eGFR1 = 2 22 (15.38%) 59 (14.22%) 34 (26.98%) 165 (35.48%)
eGFR1 = 3 77 (53.85%) 202 (48.67%) 68 (53.97%) 218 (46.88%)
DN = 1 87 (60.84%) 116 (27.95%) <0.0001 72 (57.14%) 119 (25.59%) <0.0001
CHD = 1 21 (14.69%) 72 (17.35%) 0.461 15 (11.90%) 69 (14.84%) 0.403
stroke = 1 12 (8.39%) 46 (11.08%) 0.363 11 (8.73%) 60 (12.90%) 0.201
March 2022 | Volume 13 | Article
After normality test, all continuous variables do not obey normal distribution. Median (quartile spacing) is used for statistical description, and rank-sum test is used to analyze whether there
are differences. Categorical variables were described statistically using numbers (percentage) and chi-square test.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; SCR, serum creatinine; TG, triglyceride; UA, urinary creatinine;
HDL_C, high-density lipoprotein cholesterol; LDL_C, density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; DN, diabetic nephropathy; CHD, coronary heart disease.
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the covariables were processed according to whether they met
the linear relationship with the occurrence probability of DR.
Among them, age, course of the disease, HDL_C, LDL_C, and
eGFR, which did not meet the linear relationship, were classified
according to the method previously mentioned and were
included in the model as categorical variables. The remaining
continuous variables satisfy linearity and are incorporated into
the model as continuous variables.

In univariate logistic regression (Model1), leu was a protective
factor of DR when included as a continuous variable (OR: 0.78
(0.66, 0.92)), and the difference was not statistically significant
after classification. After adjusting covariables such as baseline
information and laboratory tests, the results were the same as
single factor regression, and the protective effect of leu decreased,
among which the changes were more obvious after adjusting
laboratory indicators (Model2: (OR: 0.79 (0.65, 0.95)), Model3:
(OR: 0.81 (0.67, 0.99))). There was no statistically significant
difference between the incidence of leu and DR after the
inclusion of complications (Model4), regardless of whether leu
was included as a continuous or categorical variable (Table 2).

Interaction Between Leucine and Gender
The correlation between leu and DR risk changed in different
genders (Figure 2, Table 3). OR shows that leu is the protective
factor of DR in all models, but p-value shows that in the
condition of 0.05, only when leu is included as a continuous
variable, in the single-factor model (Model1) and multi-factor
model (Model2), leu was statistically significant as a protective
Frontiers in Endocrinology | www.frontiersin.org 5
factor for DR in men (Model1 (OR: 0.73 (0.58, 0.94)); Model2
(0.77 (0.59, 1.00))).

The calculated additive interaction between gender and leu
(classification variable) are RERI 0.20 (−0.33, 0.73), AP 0.28
(−0.04, 0.59), and S 0.57 (0.16, 2.10); the results suggest that there
is no interaction between gender and leu.

Sensitivity Analysis
Of the data, 80% are used as training set A, and the remaining
20% are used as verification set B. The results of training set A
and verification set B are consistent, the area under the curve
(AUC) is significantly greater than 0.500, indicating that the
model is valid. The AUC of the model containing leu is larger
than that of the model without leu (training set A: (AUC: 0.750
vs. 0.749); validation set B: ((AUC: 0.817 vs. 0.811)); the model
was better when leu was included (Figure 3).
DISCUSSION

This study found that the content of leu in the DR population
was lower than that in the N-DR population, which was a
protective factor of DR, consistent with the previous research
results (41–46). Literature (33, 34, 45, 46) on the study of
diabetes and its complications has concluded that improved
glycemic control is effective in reducing the risk of
microvascular and macrovascular complications and
cardiovascular disease. Based on this, we suspect that the
protective effect of leu on DR is likely to be by the same
mechanism as its protective effect on diabetic patients. It has
been found that leu is a proinsulin agent both in vivo and in vitro
by activating mTOR complex 1 (mTORC1), which both induces
and enhances insulin secretion from pancreatic beta cells and
also helps to maintain beta-cell mass (47). After stratification by
FIGURE 1 | OR curves of leu and DR in patients with T2D. The blue solid
line represents the curve with only leu in the model, and the red dotted line
represents the curve after adjusting for all baseline data, laboratory test
indicators, and complications. It can be seen that leu is a protective factor of
DR. OR, odds ratio; leu, leucine; DR, diabetic retinopathy; T2D, type 2
diabetes.
TABLE 2 | Risk OR of leu and DR under multiple models.

OR (95% CI) p

Univariable Model1
Leu per mmol/L 0.78 (0.66, 0.92) 0.004
<120 0.76 (0.56, 1.04) 0.085
>120

Multivariable Model2
Leu per mmol/L 0.79 (0.65, 0.95) 0.014
<120 0.77 (0.55, 1.08) 0.134
>120

Multivariable Model3
Leu per mmol/L 0.81 (0.67, 0.99) 0.037
<120 0.82 (0.58, 1.16) 0.259
>120

Multivariable Model4
Leu per mmol/L 0.83 (0.68, 1.02) 0.081
<120 0.88 (0.62, 1.25) 0.481
>120
M
arch 2022 | Volume 13 | Article 8
leu was incorporated into the model according to classification variables and continuous
variables (2 categories). Leu(Model1), leu + baseline data (Model2), leu + baseline data +
laboratory test index (Model3), leu + baseline data + laboratory test index + complication
index (Model4).
OR, odds ratio; DR, diabetic retinopathy; leu, leucine.
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gender, leu remained a protective factor for DR in men, but the
difference was not statistically significant in women. The above
differences may be caused by differences in dietary habits of
different genders (48–50). The data in this paper show that in
both DR and N-DR populations, the content of leu in the male
population is significantly higher than that in the female
Frontiers in Endocrinology | www.frontiersin.org 6
population. Leu is an essential amino acid that can only be
obtained from the diet, which is related to men’s preference for a
high-protein diet (50). It is suggested that leu can regulate insulin
metabolism only after basic physiological requirements are
satisfied. Our previous studies found that the leu in whole
gender group and women are protective factors, the above
FIGURE 2 | OR curves of leu and DR in patients with T2D of different genders. The blue solid line represents the curve with only leu in the model, and the red
dotted line represents the curve after adjusting for all baseline data, laboratory test indicators, and complications. It can be seen that leu is a protective factor of DR.
OR, odds ratio; leu, leucine; DR, diabetic retinopathy; T2D, type 2 diabetes.
TABLE 3 | OR of leu and DR under multiple models of different genders.

Female (558) Male (591)

OR (95% CI) p OR (95% CI) p

Univariable Model1
Leu per mmol/L 0.87 (0.68, 1.12) 0.282 0.73 (0.58, 0.94) 0.013
<120 0.83 (0.54, 1.28) 0.399 0.78 (0.49, 1.22) 0.274
>120

Multivariable Model2
Leu per mmol/L 0.83 (0.62, 1.10) 0.187 0.77 (0.59, 1.00) 0.046
<120 0.72 (0.45, 1.15) 0.168 0.85 (0.52, 1.38) 0.500
>120

Multivariable Model3
Leu per mmol/L 0.84 (0.63, 1.12) 0.240 0.78 (0.59, 1.04) 0.087
<120 0.74 (0.46, 1.20) 0.220 0.92 (0.55, 1.53) 0.742
>120

Multivariable Model4
Leu per mmol/L 0.86 (0.64, 1.16) 0.332 0.80 (0.60, 1.07) 0.137
<120 0.76 (0.46, 1.24) 0.275 1.01 (0.60, 1.72) 0.969
>120
March 2022 | Volume 13 | Article 8
Stratified the data by gender, and leu was incorporated into the model according to classification variables and continuous variables (2 categories). Leu(Model1), leu + baseline data
(Model2), leu + baseline data + laboratory test index (Model3), leu + baseline data + laboratory test index + complication index (Model4).
OR, odds ratio; DR, diabetic retinopathy.
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phenomenon was not observed in men (51), and the same
finding that men more than women tend to eat a high-protein
diet, while in the form of food protein, intake of leu increases
other kidney burdens of metabolic components at the same time,
to offset the leu protective effect in men. This conclusion suggests
that the human body can appropriately supplement high-protein
food, but a long-term high-protein diet may increase the burden
of nephropathy in T2D patients (52) and promote the
occurrence of DN (53). The patient’s healthcare and treatment
should still follow the doctor’s advice and be reviewed regularly.

The results of the multivariate regression model showed that
leu was a protective factor of DR in all gender populations, OR
was 0.78 (0.66, 0.92), and the difference was statistically
significant. After gender stratification, the OR was lower than 1
in all women and most men. Although the statistical results
showed that the value of OR was not statistically significant after
gender stratification, the single-point OR value still suggested
that DR might be a protective factor of DR. It is well known that
the control of blood glucose in diabetic patients can effectively
reduce the occurrence of microvascular complications (DR and
DN) (54, 55). Meanwhile, a number of studies (56, 57) have
found that the abnormal activation of mTORC1 in the central
insulin signaling pathway in T2D patients can cause insulin
resistance. Leu can significantly improve the excitability of
mTOR (28, 58, 59), which also proves to some extent that leu
is a protective factor for DR. It is speculated that leu can be used
as a potential predictor of DR, and it is necessary to construct
different application criteria for different genders.

This paper has some limitations: 1) this paper only collected
the data of the Second Affiliated Hospital of Dalian Medical
Frontiers in Endocrinology | www.frontiersin.org 7
University and the First Affiliated Hospital of Jinzhou Medical
University, which are concentrated in Liaoning Province and
have obvious regional characteristics in climate, diet, humanities,
and other aspects, which is not conducive to promoting the
application to the whole country. It is recommended to be used
in northeast China, and we will cooperate to collect national data
for analysis in the future. 2) In the data, smoking and drinking
were only collected as yes or no, but not how long their duration
was. As a result, it is concluded in this paper that smoking and
drinking are the protective factors of DR, which is not consistent
with common cognition. Confounding factors, such as whether
the above relationship is real or how long it was, need to be
collected for more detailed data to verify the above relationship.
3) This paper is a cross-sectional study, and its ability as evidence
is weaker than that of the cohort. If we have the ability to conduct
cohort studies in the future, we hope to increase the credibility of
the results. 4) We did not grade the severity of DR and may not
be able to distinguish the differences that exist between the
different severity levels.
CONCLUSION

In all-gender population and male patients, leu was a protective
factor of DR regardless of whether it was included in the model
in the form of a continuous variable or categorical variable. These
relationships were not statistically significant in women. It is
suggested that leu may be a new direction predicted by DR, but it
needs to be applied by gender. Regardless of disease (DR or DN),
leu in men is higher than that in women, suggesting that leu may
regulate insulin metabolism on the premise of meeting basic
physiological needs.
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Salas-Salvadó J, et al. Metabolomics in Prediabetes and Diabetes: A Systematic
Review and Meta-Analysis. Diabetes Care (2016) 39:833–46. doi: 10.2337/
dc15-2251

25. Gar C, Rottenkolber M, Prehn C, Adamski J, Seissler J, Lechner A. Serum and
Plasma Amino Acids as Markers of Prediabetes, Insulin Resistance, and
Incident Diabetes. Crit Rev Clin Lab Sci (2018) 55:21–32. doi: 10.1080/
10408363.2017.1414143

26. Park JE, Lim HR, Kim JW, Shin KH. Metabolite Changes in Risk of Type 2
Diabetes Mellitus in Cohort Studies: A Systematic Review and Meta-Analysis.
Diabetes Res Clin Pract (2018) 140:216–27. doi: 10.1016/j.diabres.2018.03.045

27. Batch BC, Shah SH, Newgard CB, Turer CB, Haynes C, Bain JR, et al.
Branched Chain Amino Acids Are Novel Biomarkers for Discrimination of
Metabolic Wellness. Metabol: Clin Exp (2013) 62:961–9. doi: 10.1016/
j.metabol.2013.01.007

28. Macotela Y, Emanuelli B, Bång AM, Espinoza DO, Boucher J, Beebe K, et al.
Dietary Leucine–an Environmental Modifier of Insulin Resistance Acting on
Multiple Levels of Metabolism. PloS One (2011) 6:e21187. doi: 10.1371/
journal.pone.0021187

29. Avruch J, Long X, Ortiz-Vega S, Rapley J, Papageorgiou A, Dai N. Amino Acid
Regulation of TOR Complex 1. Am J Physiol Endocrinol Metab (2009) 296:
E592–602. doi: 10.1152/ajpendo.90645.2008

30. Schieke SM, Phillips D, McCoy JP Jr, Aponte AM, Shen RF, Balaban RS, et al.
The Mammalian Target of Rapamycin (mTOR) Pathway Regulates
Mitochondrial Oxygen Consumption and Oxidative Capacity. J Biol Chem
(2006) 281:27643–52. doi: 10.1074/jbc.M603536200

31. Linn T, Geyer R, Prassek S, Laube H. Effect of Dietary Protein Intake on
Insulin Secretion and Glucose Metabolism in Insulin-Dependent Diabetes
March 2022 | Volume 13 | Article 806807

https://doi.org/10.1039/c6mb00014b
https://doi.org/10.2147/dmso.S36455
https://doi.org/10.1007/s00125-019-4959-1
https://doi.org/10.1007/s00125-019-4959-1
https://doi.org/10.1136/bmjopen-2016-015473
https://doi.org/10.1136/bmjopen-2016-015473
https://doi.org/10.1111/aos.12095
https://doi.org/10.2337/dc11-1909
https://doi.org/10.1001/jama.2010.1111
https://doi.org/10.1007/s00125-011-2395-y
https://doi.org/10.1007/s00125-011-2395-y
https://doi.org/10.1111/j.1464-5491.2012.03756.x
https://doi.org/10.1016/j.cmet.2019.09.016
https://doi.org/10.1038/s41591-018-0222-4
https://doi.org/10.1038/s41591-019-0509-0
https://doi.org/10.1186/1758-5996-6-40
https://doi.org/10.1186/1758-5996-6-40
https://doi.org/10.1038/nm.2307
https://doi.org/10.1111/j.2047-6310.2012.00087.x
https://doi.org/10.1093/jn/131.3.856S
https://doi.org/10.1038/ng1494
https://doi.org/10.1126/science.1124147
https://doi.org/10.1093/jn/136.1.227S
https://doi.org/10.1093/jn/136.1.227S
https://doi.org/10.1590/S0100-879X2003001100017
https://doi.org/10.1093/jn/136.2.529S
https://doi.org/10.1038/nature02866
https://doi.org/10.1038/nature02866
https://doi.org/10.2337/diabetes.51.3.599
https://doi.org/10.2337/dc15-2251
https://doi.org/10.2337/dc15-2251
https://doi.org/10.1080/10408363.2017.1414143
https://doi.org/10.1080/10408363.2017.1414143
https://doi.org/10.1016/j.diabres.2018.03.045
https://doi.org/10.1016/j.metabol.2013.01.007
https://doi.org/10.1016/j.metabol.2013.01.007
https://doi.org/10.1371/journal.pone.0021187
https://doi.org/10.1371/journal.pone.0021187
https://doi.org/10.1152/ajpendo.90645.2008
https://doi.org/10.1074/jbc.M603536200
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Li et al. Association Between Leu and DR
Mellitus. J Clin Endocrinol Metab (1996) 81:3938–43. doi: 10.1210/
jcem.81.11.8923841

32. Kalogeropoulou D, Lafave L, Schweim K, Gannon MC, Nuttall FQ. Leucine,
When Ingested With Glucose, Synergistically Stimulates Insulin Secretion and
Lowers Blood Glucose. Metabol: Clin Exp (2008) 57:1747–52. doi: 10.1016/
j.metabol.2008.09.001

33. NathanDM,Genuth S, Lachin J,ClearyP,CroffordO,DavisM, et al. TheEffect of
Intensive Treatment of Diabetes on the Development and Progression of Long-
Term Complications in Insulin-Dependent Diabetes Mellitus. N Engl J Med
(1993) 329:977–86. doi: 10.1056/NEJM199309303291401

34. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et al.
Association of Glycaemia With Macrovascular and Microvascular
Complications of Type 2 Diabetes (UKPDS 35): Prospective Observational
Study. BMJ (Clin. Res ed.) (2000) 321:405–12. doi: 10.1136/bmj.321.7258.405

35. Alberti KG, Zimmet PZ. Definition, Diagnosis and Classification of Diabetes
Mellitus and Its Complications. Part 1: Diagnosis and Classification of
Diabetes Mellitus Provisional Report of a WHO Consultation. Diabetic
Med: J Br Diabetic Assoc (1998) 15:539–53. doi: 10.1002/(sici)1096-9136
(199807)15:7<539::Aid-dia668>3.0.Co;2-s

36. Amoaku WM, Ghanchi F, Bailey C, Banerjee S, Banerjee S, Downey L, et al.
Diabetic Retinopathy and Diabetic Macular Oedema Pathways and
Management: UK Consensus Working Group. Eye (London England)
(2020) 34:1–51. doi: 10.1038/s41433-020-0961-6

37. Chen C, Lu FC. The Guidelines for Prevention and Control of Overweight and
Obesity in Chinese Adults. Biomed Environ Sci.: BES (2004) 17 Suppl:1–36.

38. Bhaskaran K, Dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L. Association
of BMI With Overall and Cause-Specific Mortality: A Population-Based
Cohort Study of 3·6 Million Adults in the UK. Lancet Diabetes Endocrinol
(2018) 6:944–53. doi: 10.1016/s2213-8587(18)30288-2

39. Lee DH, Keum N, Hu FB, Orav EJ, Rimm EB, Willett WC, et al. Predicted
Lean Body Mass, Fat Mass, and All Cause and Cause Specific Mortality in
Men: Prospective US Cohort Study. BMJ (Clin. Res ed.) (2018) 362:k2575.
doi: 10.1136/bmj.k2575

40. Andersson T, Alfredsson L, Källberg H, Zdravkovic S, Ahlbom A. Calculating
Measures of Biological Interaction. Eur J Epidemiol (2005) 20:575–9.
doi: 10.1007/s10654-005-7835-x

41. Zhang Y, Guo K, LeBlanc RE, Loh D, Schwartz GJ, Yu Y-H. Increasing Dietary
Leucine Intake Reduces Diet-Induced Obesity and Improves Glucose and
Cholesterol Metabolism in Mice via Multimechanisms. Diabetes (2007)
56:1647–54. doi: 10.2337/db07-0123

42. Leenders M, Verdijk LB, van der Hoeven L, van Kranenburg J, Hartgens F,
Wodzig WKWH, et al. Prolonged Leucine Supplementation Does Not
Augment Muscle Mass or Affect Glycemic Control in Elderly Type 2
Diabetic Men. J Nutr (2011) 141:1070–76. doi: 10.3945/jn.111.138495

43. Koopman R, Wagenmakers AJM, Manders RJF, Zorenc AHG, Senden JMG,
Gorselink M, et al. Combined Ingestion of Protein and Free Leucine With
Carbohydrate Increases Postexercise Muscle Protein Synthesis In Vivo in Male
Subjects. Am J Physiol Endocrinol Metab (2005) 288:E645–53. doi: 10.1152/
ajpendo.00413.2004

44. Leenders M, van Loon LJC. Leucine as a Pharmaconutrient to Prevent and
Treat Sarcopenia and Type 2 Diabetes. Nutr Rev (2011) 69:675–89.
doi: 10.1111/j.1753-4887.2011.00443.x

45. UKProspective Diabetes Study (UKPDS)Group. Effect of Intensive Blood-Glucose
Control With Metformin on Complications in Overweight Patients With Type 2
Diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group. Lancet
(London England) (1998) 352:854–65. doi: 10.1016/S0140-6736(98)07037-8

46. UK Prospective Diabetes Study (UKPDS) Group. Intensive Blood-Glucose
Control With Sulphonylureas or Insulin Compared With Conventional
Treatment and Risk of Complications in Patients With Type 2 Diabetes
(UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet
(London England) (1998) 352:837–53. doi: 10.1016/S0140-6736(98)07019-6

47. Loon L. Amino Acids as Pharmaco-Nutrients for the Treatment of Type 2
Diabetes. Agents Med Chem (2007) 7:39–48. doi: 10.2174/18715220
7779802428
Frontiers in Endocrinology | www.frontiersin.org 9
48. Grzymisławska M, Puch EA, Zawada A, Grzymisławski M. Do Nutritional
Behaviors Depend on Biological Sex and Cultural Gender? Adv Clin Exp Med:
Off Organ Wroclaw Med Univ (2020) 29:165–72. doi: 10.17219/acem/111817

49. Wardle J, Haase AM, Steptoe A, Nillapun M, Jonwutiwes K, Bellisle F. Gender
Differences in Food Choice: The Contribution of Health Beliefs and Dieting.
Ann Behav Med: Publ Soc Behav Med (2004) 27:107–16. doi: 10.1207/
s15324796abm2702_5

50. Alkazemi D. Gender Differences in Weight Status, Dietary Habits, and Health
Attitudes Among College Students in Kuwait: A Cross-Sectional Study. Nutr
Health (2019) 25:75–84. doi: 10.1177/0260106018817410

51. Gao X, Hou R, Li X, Qiu XH, Luo HH, Liu SL, et al. The Association Between
Leucine and Diabetic Nephropathy in Different Gender: A Cross-Sectional
Study in Chinese Patients With Type 2 Diabetes. Front Endocrinol (Lausanne)
(2020) 11:619422. doi: 10.3389/fendo.2020.619422

52. Ran J, Ma J, Liu Y, Tan R, Liu H, Lao G. Low Protein Diet Inhibits Uric Acid
Synthesis and Attenuates Renal Damage in Streptozotocin-Induced Diabetic
Rats. J Diabetes Res (2014) 2014:287536. doi: 10.1155/2014/287536

53. Nuttall FQ, Gannon MC. The Metabolic Response to a High-Protein, Low-
Carbohydrate Diet in Men With Type 2 Diabetes Mellitus. Metabol: Clin Exp
(2006) 55:243–51. doi: 10.1016/j.metabol.2005.08.027

54. Hemmingsen B, Lund SS, Gluud C, Vaag A, Almdal T, Hemmingsen C, et al.
Intensive Glycaemic Control for Patients With Type 2 Diabetes: Systematic
Review With Meta-Analysis and Trial Sequential Analysis of Randomised
Clinical Trials. BMJ (Clin. Res ed.) (2011) 343:d6898. doi: 10.1136/bmj.d6898

55. Saw M, Wong VW, Ho IV, Liew G. New Anti-Hyperglycaemic Agents for
Type 2 Diabetes and Their Effects on Diabetic Retinopathy. Eye (London
England) (2019) 33:1842–51. doi: 10.1038/s41433-019-0494-z

56. Ost A, Svensson K, Ruishalme I, Brännmark C, Franck N, Krook H, et al.
Attenuated mTOR Signaling and Enhanced Autophagy in Adipocytes From
Obese Patients With Type 2 Diabetes. Mol Med (Cambridge Mass) (2010)
16:235–46. doi: 10.2119/molmed.2010.00023

57. Dann SG, Selvaraj A, Thomas G. mTOR Complex1-S6K1 Signaling: At the
Crossroads of Obesity, Diabetes and Cancer. Trends Mol Med (2007) 13:252–
9. doi: 10.1016/j.molmed.2007.04.002

58. Smith GI, Yoshino J, Stromsdorfer KL, Klein SJ, Magkos F, Reeds DN, et al.
Protein Ingestion Induces Muscle Insulin Resistance Independent of Leucine-
Mediated mTOR Activation. Diabetes (2015) 64:1555–63. doi: 10.2337/db14-
1279

59. Martins L, Fernández-Mallo D, Novelle MG, Vázquez MJ, Tena-Sempere M,
Nogueiras R, et al. Hypothalamic mTOR Signaling Mediates the Orexigenic
Action of Ghrelin. PloS One (2012) 7:e46923. doi: 10.1371/journal.
pone.0046923

Conflict of Interest: Authors BH, M-LL, and X-TC were employed by the
company Dalian Runsheng Kangtai Medical Lab Co. Ltd. Author Y-FC was
employed by Shanghai Engineering Research Center of Reproductive Health Drug
and Devices.

The remaining 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 Li, Huang, Liu, Cui, Cao and Gao. 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.
March 2022 | Volume 13 | Article 806807

https://doi.org/10.1210/jcem.81.11.8923841
https://doi.org/10.1210/jcem.81.11.8923841
https://doi.org/10.1016/j.metabol.2008.09.001
https://doi.org/10.1016/j.metabol.2008.09.001
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1136/bmj.321.7258.405
https://doi.org/10.1002/(sici)1096-9136(199807)15:7%3C539::Aid-dia668%3E3.0.Co;2-s
https://doi.org/10.1002/(sici)1096-9136(199807)15:7%3C539::Aid-dia668%3E3.0.Co;2-s
https://doi.org/10.1038/s41433-020-0961-6
https://doi.org/10.1016/s2213-8587(18)30288-2
https://doi.org/10.1136/bmj.k2575
https://doi.org/10.1007/s10654-005-7835-x
https://doi.org/10.2337/db07-0123
https://doi.org/10.3945/jn.111.138495
https://doi.org/10.1152/ajpendo.00413.2004
https://doi.org/10.1152/ajpendo.00413.2004
https://doi.org/10.1111/j.1753-4887.2011.00443.x
https://doi.org/10.1016/S0140-6736(98)07037-8
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.2174/187152207779802428
https://doi.org/10.2174/187152207779802428
https://doi.org/10.17219/acem/111817
https://doi.org/10.1207/s15324796abm2702_5
https://doi.org/10.1207/s15324796abm2702_5
https://doi.org/10.1177/0260106018817410
https://doi.org/10.3389/fendo.2020.619422
https://doi.org/10.1155/2014/287536
https://doi.org/10.1016/j.metabol.2005.08.027
https://doi.org/10.1136/bmj.d6898
https://doi.org/10.1038/s41433-019-0494-z
https://doi.org/10.2119/molmed.2010.00023
https://doi.org/10.1016/j.molmed.2007.04.002
https://doi.org/10.2337/db14-1279
https://doi.org/10.2337/db14-1279
https://doi.org/10.1371/journal.pone.0046923
https://doi.org/10.1371/journal.pone.0046923
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	The Association Between Leucine and Diabetic Retinopathy in Different Genders: A Cross-Sectional Study in Chinese Patients With Type 2 Diabetes
	Introduction
	Materials and Methods
	Study Method and Population
	Data Collection and Clinical Definitions
	Laboratory Assay
	Statistical Analysis

	Result
	Description of Study Subjects
	The Relationship Between Leucine and Diabetic Retinopathy
	Interaction Between Leucine and Gender
	Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	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 true
  /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 true
  /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 true
  /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


