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Serum levels of uncoupling proteins in patients
with differential insulin resistance
A community-based cohort study
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Abstract
The uncoupling protein (UCP) belongs to a family of energy-dissipating proteins in mitochondria. Increasing evidences have indicated
that UCPs have immense impact on glucose homeostasis and are key proteins in metabolic syndrome. For applying the findings to
clinical practice, we designed a study to explore the association between serum UCPs 1–3 and insulin resistance. This investigation
prospectively recorded demographical parameter and collected blood samples of 1071 participants from 4 districts in Northeastern
Taiwan during the period from August 2013 to July 2014. Propensity score matching by age and sex in patients with top and bottom
third homeostasis model assessment of insulin resistance (HOMA-IR) levels was performed, and 326 subjects were enrolled for
further studies. The mean age of the patients was 59.4 years and the majority of them (65.5%) were females. The prevalence of
metabolic syndrome was 35.5%. Our results demonstrated that serum UCPs 1–3 were significantly associated with differences in
HOMA-IR levels. Multiple logistic regression analysis indicated that low UCP 1 and features of metabolic syndrome, namely
hypertension, diabetes, bodymass index, and high-density lipoprotein, were independent determinants for high HOMA-IR levels. We
thus determined that low serum UCP 1 is a predictor for high resistance to insulin.

Abbreviations: ATP = adenosine triphosphate, ATP = adenosine triphosphate, AUROC = area under the receiver operating
characteristic, BMI = body mass index, CI = confidence interval, DM = diabetes mellitus, FPG = fasting plasma glucose, HbA1C =
hemoglobin A1c, HDL = high-density lipoprotein, HOMA-IR = homeostasis model assessment of insulin resistance, HRP =
horseradish peroxidase, LDL = low-density lipoprotein, MAP = mean arterial pressure, OR = odds ratio, RMR = resting metabolic
rate, TG = triglyceride, TNF-a = tumor necrosis factor-a, UCP = uncoupling protein.
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1. Introduction

The uncoupling proteins (UCPs) are mitochondrial inner
membrane proteins that, by virtue of causing proton leakage,
uncouple adenosine triphosphate (ATP) production from
mitochondrial respiration.[1,2] UCPs, owing to their tendency
to regulate energy expenditure, have been identified as key
proteins in metabolic syndrome. Moreover, these proteins have
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been mapped to the human chromosome 11q13 and mouse
chromosome 7, in which regions linked to obesity and hyper-
insulinemia.[3] Five different uncoupling proteins, namely UCPs
1–5, with different roles and tissue distribution, have been
identified thus far.[4–6] Considering evolutionarily important
processes such as foraging and energy conservation, it is least
likely for an organism to possess dedicated mechanisms to
enhance energy wastage.[7,8] The present study focuses on the
current knowledge about the role of these proteins in energy
metabolism, with special emphasis on UCPs 1–3.
The original UCP, UCP 1, is primarily expressed in brown

adipose tissues. Besides, UCP 1 mRNA and/or protein expression
have also been reported in white adipose tissues, mammalian
pancreatic islets, human skeletal muscle, and rat and mouse
thymocytes.[9] UCP1 has several functions, such as thermogene-
sis, regulation of energy expenditure, and reduction of oxidative
stress, which are related to the pathogenesis of metabolic
syndrome.[10–12] Notably, some studies have demonstrated a
synergistic relationship between UCP 1 polymorphisms and
factors involved in regulation of body weight, including increased
weight gain tendency, lowering of resting metabolic rate (RMR),
and resistance to weight loss.[13]

UCP 2 is expressed in a number of tissues, including adipose
tissues, the immune system, and pancreatic islets.[14,15] Several
studies indicated an important role of UCP 2 in insulin/glucose
homeostasis, and also demonstrated the regulation of insulin
secretion by UCP 2, which possibly correlates with obesity, b-cell
dysfunction, and type 2 diabetes.[16,17] UCP 3 expression is
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tissue-specific and is mostly confined to skeletal muscles, cardiac
muscles, and fat tissues. UCP 3 expression leads to improved
fatty-acid oxidation and mitochondrial Ca2+ uptake.[18,19]

To date, increasing evidence suggests that UCPs have an
immense impact on glucose homeostasis.[12] However, tissue
levels of UCPs are difficult to be detected in the current clinical
setting. The purpose of this investigation was to determine the
association between the serum levels of the 3 uncoupling
proteins, UCPs 1–3, and insulin resistance in a longitudinal,
community-based cohort study.
2. Materials and methods

2.1. Ethics statement

This studywas conducted in compliancewith the ethical principles
mentioned in the Declaration of Helsinki and was consistent with
Good Clinical Practice guidelines and local regulatory require-
ments. The subjects were invited to participate in this study on the
day of their health screen. Trained physicians evaluated their
mental status during the screening and informed them about the
consent procedure. Awritten informed consentwas obtained from
all mentally competent subjects prior to their participation. This
study was approved by the Institutional Review Board of the
Chang-Gung Memorial Hospital (IRB No:100-2243A3).
2.2. Patient information and data collection

FromAugust 2013 to January 2014, the longitudinal, community-
based cohort study was conducted in 4 districts of Northeastern
Taiwan, namely Wanli, Anle, Ruifang, and Gongliao. The
community outreach health screen, including physical examina-
tion, blood and urine laboratory tests, along with a questionnaire
survey, was performed to recruit the subjects. All the participants
agreed to sign the informed consent forms. The cohort consisted of
1071 subjects, aged 30 years and older. The cases with systemic
disorders, such as hypertension, hyperlipidemia, and chronic
kidney disease were recorded. A standardized questionnaire was
provided to all the participants by a trained team of interviewers,
seeking information on their drinking, smoking, betel nut chewing
habits, exercise regimes, medication history (oral hypoglycemic
agents, insulin injections, statins, herbs and hormones), family
history, and physical and mental health status (Short Form health
survey, sleeping quality survey, depression survey and health
knowledge). The participants were considered to have diabetes
mellitus (DM) in the following 3 conditions: if they reported being
told by a doctor that they have diabetes, upon consumption of oral
hypoglycemic agents, and/or if their fasting plasma glucose levels
were ≥126mg/dL and hemoglobin A1c (HbA1c) levels were
≥6.5%.[20] The follow-up examinations were conducted after 1
year, and the physical parameters, blood and urine laboratory test
results, along with the survey, were recorded again.
2.3. Metabolic syndrome

According to NCEP ATP III criteria, a race-specific waist
circumference threshold was applied to prevent the discrepancy
in metabolic syndrome prevalence. The cut-off values of normal
waist circumference in men and women were 90cm and 80cm,
respectively, for Asian people. As per ATP III criteria, metabolic
syndrome is defined as the presence of at least 3 of the following 5
traits: abdominal obesity, defined as a waist circumference of
≥90cm (35 in) and ≥80cm (31.5 in) in men and women,
2

respectively, serum triglyceride (TG) level ≥150mg/dL (1.7
mmol/L) or drug treatment for elevated TG level, serum high-
density lipoprotein (HDL) cholesterol level <40mg/dL (1mmol/
L) in men and <50mg/dL (1.3mmol/L) in women or drug
treatment for lowHDL cholesterol level, blood pressure ≥130/85
mm Hg or drug treatment for elevated blood pressure, fasting
plasma glucose (FPG) level ≥100mg/dL (5.6mmol/L) or drug
treatment for elevated blood glucose.[21]

Serum insulin and fasting blood sugar levels were used for the
analysis of IR (HOMA-IR) in the present study. The analysis of
homeostasis model assessment of insulin resistance (HOMA-IR)
was not suitable for patients with DM or those under medication
for blood sugar control.[22] Although patients with drug treatment
for elevated blood sugar were classified as having MS, as per the
NICE ATPIII criteria, patients treated with oral hypoglycemic
agents or insulin injections were excluded from our analysis.
2.4. HOMA-IR

The insulin resistance index HOMA-IR was calculated using the
following formula: fasting plasma insulin (mU/L)� fasting
plasma glucose (mg/dL) /405.[23,24]

An increased HOMA-IR score denotes decreased insulin
sensitivity.[25] Since there is no standard range of HOMA-IR, the
high HOMA-IR score was defined as the levels higher than the
mean value of HOMA-IR score of all participants in this study,
whereas the low HOMA-IR score was defined as the HOMA-IR
levels lower than the mean value.
2.5. Sample preparation

Blood samples were collected from the participants after
overnight fasting and immediately delivered (within 4hours
postharvest) to the laboratory for biochemical analyses, complete
blood count, and antibody titers. Another fraction of samples
was transferred to a chilled tube and centrifuged at 3000�g for
10 minutes at 4°C, then obtain the serum. Lipemic or hemolyzed
serum was discarded. Other serum was aliquoted and stored at
–80°C until analysis.

2.6. Measurement of UCPs by ELISA

The concentrations of UCPs were measured by the enzyme-linked
immunosorbent assay (MyBioSource, San Diego, CA), as per the
manufacturer’s instructions. Briefly, serum samples (40mL) were
added to UCP antibodies (10mL) to make the sample mixture.
The sample mixture and diluted standards were added to
appropriate wells of the antibody pre-coated plates. Thereafter,
streptavidin-horseradish peroxidase (HRP) was added to each
well, and the plates were sealed with a membrane, followed by
incubation at 37°C for 1hour. After the washing steps, 50mL
chromogen solution A&B was added to each well and the plates
were incubated at 37°C for 10 minutes in dark for color
development. The chromogenic substrate reaction was stopped
by the addition of the stop solution. This was followed by
measurement of absorbance at 450nm. The protein concen-
trations were calculated using a standard curve.
2.7. Statistical analysis

Values are expressed as means and standard deviations for
continuous data. Categorical data are expressed as percentages.
Continuous variables were tested for normal distribution by the



Table 1

Baseline characteristics of total participants in the WARG cohort
study.

Total (n=1071)

Demographics
Age, y 59.4±12.6
Female, n, % 702 (65.5)
Hypertension, n, % 362 (33.8)
Diabetes, n, % 155 (14.5)
Smoking, n, % 236 (22.0)
Drinking, n, % 256 (23.9)
Metabolic syndrome, n, % 380 (35.5)

Laboratory results
MAP, mm Hg 97.6±13.9
BMI, kg/m2 24.8±3.7
Fasting glucose, mg/dL, median 107.6 (99.0)
Triglycerides, mg/dL, median 124.7 (99.0)
HDL, mg/dL, median 57.6 (56.0)
Total cholesterol, mg/dL, median 211.0 (208.0)
HS-CRP, mg/L, median 2.5 (1.0)
Estimated GFR, mL/min/1.73 m2 median 92.4 (91.0)

BMI=body mass index, HDL=high density liproprotein, HS-CRP=high sensitivity C-reactive protein,
GFR=glomerular filtration rate, MAP=mean artery pressure, WARG=Wanli, Anle, Ruifang, and
Gongliao.
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Kolmogorov–Smirnov test. Student’s t test was performed to
compare the means of continuous variables and normally
distributed data. In other cases, the Mann–Whitney U-test was
performed.Categorical variableswere testedby the chi-square test.
All statistical analyses were 2-tailed and a value of P < .05 was
considered statistically significant. Correlation between paired-
Figure 1. Flow chart of study enrollment. From August 2013 to January 2014, a to
study. The subjects were divided into 3 groups according to the HOMA-IR level. Af
levels, 326 of the 1071 subjects were identified and further classified into 2 groups:
of their HOMA-IR levels from the mean value (2.1). The expressions of serum UC
immunosorbent assay. HOMA-IR=homeostasis model assessment of insulin resis
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group variables was assessed by linear regression and Pearson
analyses. The risk factorswere assessed by univariate analysis. The
statistically significant (P< .05) variables identified by univariate
analysis were included in the multivariate analysis. A multiple
logistic regression analysis with forward elimination of data was
performed to obtain variables independently correlating with high
HOMA-IR levels. Discrimination was examined using the area
under the receiver operating characteristic (AUROC) curve. An
AUROC close to 0.5 indicates that the model performance
approximates that of flipping a coin. However, the model nears
100% sensitivity and specificity despite any cut-off point as the
area nears 1.0. AUROC analysis was also performed to calculate
the sensitivity, specificity, and overall correctness of UCPs 1–3,
adiponectin, leptin, and tumor necrosis factor-a (TNF-a). Finally,
cut-off points were calculated by obtaining the best Youden index
(sensitivity+ specificity –1).Datawere analyzedwith the Statistical
Package for the Social Sciences software (SPSS, Inc., Chicago, IL)
version 19.0 forWindows and R Statistical Software version 3.1.2
(R Foundation for Statistical Computing, Vienna, Austria).
3. Results

3.1. Patient characteristics

Among the 1071 subjects, whose mean age was 59.4±12.6 years,
65.5% were female, 22.0% were smokers, 23.9% were alcohol
consumers, and 35.5%were diagnosed with metabolic syndrome
(Table 1). The participants were equally divided into 3 groups,
according to their HOMA-IR levels at baseline. The cut-off value
for the top one-third of the population was 2.1, whereas that for
the bottom one-third was 1.1 (Fig. 1).
tal of 1071 subjects aged 30 years and older were enrolled in the WARG cohort
ter matching by age and sex in patients with the top and bottom third HOMA-IR
low HOMA-IR (n=159) and high HOMA-IR (n=167), according to the deviation
P 1–3 of the 326 participants were further determined by the enzyme-linked
tance, UCP=uncoupling protein, WARG=Wanli, Anle, Ruifang, and Gongliao.
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Table 2

Baseline characteristics of the matching participants in the WARG cohort study.

Total, n=326 Low HOMA-IR, n=159 High HOMA-IR, n=167 P

Demographics
Age, y 60.1±10.7 59.2±10.4 60.9±11.0 NS (0.306)
Female, n, % 252 (77.3) 129 (81.6) 123 (73.7) NS (0.269)
Hypertension, n, % 107 (32.8) 28 (17.7) 79 (47.3) <.001
Diabetes, n, % 54 (16.6) 8 (5.1) 46 (27.5) <.001
Smoking, n, % 42 (12.9) 18 (11.4) 24 (14.3) NS (0.642)
Drinking, n, % 64 (19.6) 32 (20.3) 32 (19.2) NS (1.000)
Metabolic syndrome, n, % 116 (35.6) 14 (8.8) 102 (61.1) <.001

Laboratory results
MAP, mm Hg 98.4±14.3 94.2±13.6 102.3±13.8 <.001
BMI, kg/m2 24.5±3.9 22.3±3.0 26.6±3.5 <.001
Fasting glucose, mg/dL, median 107.9 [98.0] 96.3 [95.0] 118.8 [102.5] <.001
Insulin, mIU/mL, median 8.1 [6.6] 4.3 [4.2] 11.7 [9.5] <.001
Triglycerides, mg/dL, median 125.6 [101.0] 91.1 [75.0] 156.5 [129.0] <.001
HDL, mg/dL, median 58.6 [57.3] 65.1 [64.4] 52.6 [51.5] <.001
Total cholesterol, mg/dL, median 211.7 [207.0] 213.9 [212.0] 209.5 [205.0] NS (0.326)
HS-CRP, mg/L, median 3.1 [1.0] 1.8 [0.7] 4.2 [1.4] NS (0.107)
Estimated GFR, mL/min/1.73 m2, median 92.7 [91.7] 94.9 [91.9] 90.7 [91.6] NS (0.153)
Leptin, ng/mL, median 14.5 [13.1] 11.6 [9.8] 17.1 [15.9] <.001
Adiponectin, mg/mL, median 8.3 [6.4] 9.9 [7.5] 6.9 [5.6] .007
TNF-a, median 6.8 [6.3] 6.4 [6.2] 7.2 [6.9] NS (0.09)
UCP 1, ng/mL, median 38.7 [24.0] 43.8 [28.6] 33.9 [20.0] .009
UCP 2, ng/mL, median 9.2 [5.7] 10.1 [6.1] 8.3 [5.1] .042
UCP 3, ng/mL, median 92.5 [61.1] 103.3 [65.0] 81.2 [54.6] .015

BMI=body mass index, HDL=high density liproprotein, HOMA-IR=homeostatic model assessment-insulin resistance, HS-CRP=high sensitivity C-reactive protein, GFR=glomerular filtration rate, MAP=mean
artery pressure, TNF= tumor necrosis factor, UCP=uncoupling protein, WARG=Wanli, Anle, Ruifang, and Gongliao.
Values in bold are statistically significant (P< .05).
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3.2. Comparison of matched samples

After matching by age and sex in patients with the top and bottom
third HOMA-IR, 326 of the 1071 subjects were identified and
further classified into 2 groups: low HOMA-IR and high HOMA-
IR, according to the deviation of their HOMA-IR levels from the
mean value (2.1). The baseline characteristics of participants
belonging to high- and low-HOMA-IR groups were compared
(Table 2). Out of these 326 participants, 167 belonged to the low-
HOMA-IR group, whereas 159 participants belonged to the high-
HOMA-IR group (Fig. 1). The mean age of participants in the
low- and high-HOMA-IR groups was 59.2±10.4 years and 60.9±
11.0 years, respectively. A remarkable difference in the incidence of
metabolic syndrome was observed in the low-HOMA-IR group,
with only 8.8% participants being diagnosed with metabolic
syndrome, as compared to that in the high-HOMA-IR group, about
61.1% participants were diagnosed with metabolic syndrome. No
significant difference was observed in the prevalence of females
among different HOMA-IR levels, with 81.6% females in the low-
HOMA-IR group and 73.7% in the high-HOMA-IR group. The
prevalence of smoking and drinking individuals was also similar in
the2HOMA-IRgroups.Theaverage levelsofmeanarterial pressure
(MAP), body mass index (BMI), fasting glucose, insulin, TG, and
leptin were significantly higher in the high-HOMA-IR group,
whereas the average levels ofHDL, adiponectin, UCP1, UCP 2, and
UCP3 were significantly lower in this group. No significant
differences, however, were observed in the average levels of total
cholesterol, high-sensitivityC-reactiveprotein, estimatedglomerular
filtration rate, and TNF-a among the HOMA-IR groups.

3.3. Risk factors for high insulin resistance

Univariate analysis showed that 12 out of 22 variables were good
prognostic indicators (Tables 2 and 3). Upon multivariate
4

analysis, it was identified that hypertension (Odds ratio
[OR]=3.586; confidence interval [CI]=1.222–10.526), diabetes
(OR=6.630; CI=1.408–31.213), BMI (OR=1.419; CI=
1.187–1.695), HDL (OR=0.949; CI=0.914–0.986), and UCP
1 (OR=0.984; CI=0.972–0.996) have independent prognostic
significance in risk assessment for high HOMA-IR levels. Similar
results were also noted when 54 diabetic patients were excluded
from this analysis (Table 3). Regression coefficients of these
variables were used to calculate the odds of each patient by the
following formula: logarithmof odds of death=–6.089 +1.277�
hypertension + 1.892�diabetes + 0.350�BMI – 0.052�HDL –

0.016�UCP1.
3.4. Correlation between UCPs 1–3 and metabolic
syndrome factors

The correlation between UCP 1 and the features associated with
metabolic syndrome, including BMI, fasting sugar, MAP, HDL,
low density lipoprotein (LDL), and TG in high/low HOMA-IR
patients is shown in Fig. 2. Even though the differences were not
statistically significant, the overall trend of correlation between
UCP 1 and features of metabolic syndrome displayed variations
between low- and high-HOMA-IR patients. The correlation
analysis between the UCP 1, UCP 2, UCP 3, leptin, adiponectin,
and TNF-a levels of these patients was also performed (Table 4).
It was observed that the levels of UCPs 1–3 were strongly
correlated (P< .01).

3.5. Predictive accuracy of the variables for having high/
low insulin resistance at 1 year later

The accuracies of UCPs 1–3, adiponectin, leptin, and TNF-a in
predicting HOMA-IR levels are shown in Table 5. Based on



Table 3

Risk factors for development of high HOMA-IR.

Variables Beta coefficient Standard error Odds ratios, 95% CI P

Univariate analysis
Hypertension, yes/no 1.455 0.366 4.286 (2.090–8.790) <.001
Diabetes, yes/no 1.969 0.568 7.164 (2.352–21.824) .001
Metabolic syndrome, yes/no 2.477 0.454 11.910 (4.895–28.976) <.001
MAP, mm Hg 0.044 0.009 1.045 (1.027–1.064) <.001
BMI, kg/m2 0.395 0.065 1.484 (1.305–1.687) <.001
Fasting glucose, mg/dL 0.058 0.014 1.060 (1.030–1.089) <.001
Insulin, mIU/mL 2.264 0.448 9.621 (3.996–23.163) <.001
Triglycerides, mg/dL 0.013 0.002 1.014 (1.009–1.018) <.001
HDL, mg/dL �0.064 0.010 0.938 (0.920–0.955) <.001
Leptin, ng/mL 0.088 0.023 1.092 (1.044–1.142) <.001
Adiponectin, mg/mL �0.071 0.027 0.931 (0.883–0.982) .009
UCP 1, ng/mL �0.011 0.004 0.989 (0.981–0.998) .016
UCP 2, ng/mL �0.017 0.011 0.983 (0.961–1.005) NS (.134)
UCP 3, ng/mL �0.002 0.001 0.998 (0.995–1.000) NS (.051)

Multivariate analysis (Model 1: including all patients)
Hypertension, yes/no 1.277 0.549 3.586 (1.222–10.526) .020
Diabetes, yes/no 1.892 0.790 6.630 (1.408–31.213) .017
BMI, kg/m2 0.350 0.091 1.419 (1.187–1.695) <.001
HDL, mg/dL �0.052 0.019 0.949 (0.914–0.986) .007
Leptin, ng/mL 0.058 0.034 1.060 (0.992–1.132) NS (.084)
UCP 1, ng/mL �0.016 0.006 0.984 (0.972–0.996) .008
Constant �6.089 2.490 0.002 .020

Multivariate analysis (Model 2: excluding 54 diabetic patients)
Hypertension, yes/no 1.217 0.559 3.376 (1.222–10.526) .029
BMI, kg/m2 0.305 0.094 1.357 (1.187–1.695) .001
HDL, mg/dL �0.055 0.020 0.946 (0.914–0.986) .007
Leptin, ng/mL 0.057 0.035 1.059 (0.992–1.132) NS (.097)
UCP 1, ng/mL �0.017 0.006 0.983 (0.971–0.996) .009
Constant �4.790 2.629 0.008 NS (.068)

BMI=body mass index, HDL=high density liproprotien, HOMA-IR=homeostatic model assessment-insulin resistance, MAP=mean artery pressure, UCP=uncoupling protein.
Values in bold are statistically significant (P< .05).
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AUROC curve analysis, it was found that UCP1 was the best
marker for prediction of having low HOMA-IR levels at 1 year
later, whereas leptin was the optimum marker for prediction of
having high HOMA-IR levels at 1 year later. To assess the
validity of these variables, the sensitivity, specificity, and overall
correctness of prediction were tested, using cut-off points that
provided the best Youden index (Table 6). UCP 1 had the best
Youden index and the highest overall correctness of prediction
for having HOMA-IR levels after a period of 1 year.
4. Discussion

The present study, by means of a community-based cohort study
in Northeastern Taiwan, provides evidences that serum levels of
UCPs 1–3 are associated with insulin sensitivity. Upon adjust-
ment of age and sex, the decreased expression of UCPs 1–3 was
observed with increase in HOMA-IR levels. This study also
identified UCP1 as a negative independent predictor for high
HOMA-IR levels. UCP 1 exhibited a better discriminatory ability
than UCPs 2 and 3, adiponectin, and TNF-a, for prediction of
HOMA-IR value after a period of 1 year. Moreover, UCP 1 had
the best Youden index and overall correctness for prediction.
Several studies have demonstrated the role of UCP 1 in insulin

resistance and metabolic syndrome. The expression of UCP 1
increased in thiazolidinedione-treated human preadipocytes,
which was accompanied with adipogenesis of brown fat. Since
brown adipocytes are involved in the enhancement of energy
expenditure, it was implied that the expression of UCP 1 may be
5

correlated with the beneficial effects of thiazolidinedione on
insulin resistance.[26] An investigation also reported that
aldosterone administration inhibited UCP 1 expression, thereby
enhancing insulin resistance and the pro-inflammatory re-
sponse.[27] In an animal study, the upregulation of UCP 1 was
demonstrated to cause an increase in energy expenditure and also
confer anti-obesity effects.[28] Results obtained in the present
study were consistent with these findings and signified that serum
UCP 1 could serve as a protective factor for insulin resistance. It
was observed that serum UCP 1 and the features of metabolic
syndrome, including hypertension, diabetes, BMI, and HDL,
were independent predictors of insulin resistance.
The pathophysiological role of UCP 2 inmetabolic syndrome is

largely unknown.[29–31] Previous studies have reported that
upregulation of UCP 2 influences the function of b-cells of
pancreatic islets and leads to loss of glucose responsiveness.[32,33]

Some other studies have reported that UCP 2 plays a regulatory
role in the reduction of reactive oxygen species (ROS)
production.[34] Decreased expression of UCP 2 was also
associated with obesity, low adiponectin, and high HOMA-IR
levels in animals and patients with type 2 diabetes.[35,36] Several
studies performed on high-fat-diet-fed UCP 3�/� transgenic mice
demonstrated variable, age-dependent effects on insulin sensitiv-
ity.[37,38] This effect was observed in mice fed with a standard, as
well as high-fat diet.[38,39] The correlation between UCP 3 and
insulin resistance in patients with type 2 diabetes was also been
reported.[40] In the present study, it was observed that despite a
significant correlation of serum UCP 1 levels with insulin

http://www.md-journal.com


Figure 2. The correlation between serum UCP 1 and the features associated with metabolic syndromes. The overall trend of correlation between serumUCP 1 and
features of metabolic syndrome, including (A) BMI, (B) fasting sugar, (C) MAP, (D) HDL, (E) LDL, and (F) TG displayed differences between low- and high-HOMA-IR
patients. BMI=body mass index, HDL=high-density liproprotein, HOMA-IR=homeostasis model assessment of insulin resistance, LDL= low-density liproprotein,
MAP=mean artery pressure, UCP=uncoupling protein.
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resistance, both UCP 2 and UCP 3 levels were not correlated with
HOMA-IR levels. The predictive abilities of UCP 2 and 3 for
HOMA-IR after 1 year were also lower than that of UCP 1,
adiponectin, or leptin.
In spite of the encouraging results observed in our study,

several potential limitations in the study should also be
considered. First, UCPs are mainly localized in the mitochon-
drial inner membrane. In this study, the expression of UCPs
was measured in serum samples, and the advantages of this
6

examination are easily performed and clinically applicable at a
reasonable cost with short turnaround times. However, the
correlation between serum and tissue levels of UCPs was not
examined in this study. To our knowledge this is the first study
to demonstrate the strong association between low serum levels
of UCP 1 and increased risk of high insulin resistance. Our
study results provide a plausible basis for the development of
such a clinically useful biomarker to identify individuals at risk
for the development of metabolic syndrome, as well as for an



Table 5

Discrimination for the factors in predicting the value of HOMA-IR a
1 year later.

AUROC±SE 95% CI P

Low HOMA-IR
UCP 1 0.625±0.044 0.539–0.711 .00
UCP 2 0.581±0.045 0.493–0.669 .07
UCP 3 0.563±0.045 0.474–0.652 .16
Adiponectin 0.622±0.044 0.535–0.708 .00

High HOMA-IR
Leptin 0.671±0.015 0.641–0.700 <.00
TNF-a 0.573±0.058 0.459–0.687 .21

AUROC= areas under the receiver operating characteristic curve, CI= confidence intervals, HOMA
IR=homeostatic model assessment-insulin resistance, SE= standard error, TNF= tumor necros
factor, UCP=uncoupling protein.
Values in bold are statistically significant (P< .05).

Table 6

Prediction performance for the value of HOMA-IR at 1 year later

Predictive
factors

Youden
index

Sensitivity,
%

Specificity,
%

Overall
correctness, %

Low HOMA-IR
UCP 1 0.28 58 70 64
UCP 2 0.17 48 69 59
UCP 3 0.21 40 81 61
Adiponectin 0.20 72 48 60

High HOMA-IR
Leptin 0.26 69 57 63
TNF-a 0.17 47 64 55

HOMA-IR=homeostatic model assessment-insulin resistance, TNF= tumor necrosis factor, UCP=
uncoupling protein.

Table 4

Correlation between the factors (Spearman rank correlation
coefficients: r).

UCP 1 UCP 2 UCP 3 Leptin Adiponectin TNF-a

UCP 1 � 0.396
∗

0.450
∗ �0.118 0.079 0.085

UCP 2 0.396
∗ � 0.785

∗ �0.119 �0.029 �0.108
UCP 3 0.450

∗
0.785

∗ � �0.079 0.039 �0.118
Leptin �0.118 �0.119 �0.079 � �0.055 �0.143
Adiponectin 0.079 �0.029 0.039 �0.055 � �0.008
TNF-a 0.085 �0.108 �0.118 0.143 –0.008 �
HOMA-IR=Homeostatic model assessment-insulin resistance, TNF= tumor necrosis factor, UCP=
uncoupling protein.
∗
P < .01

Pan et al. Medicine (2017) 96:40 www.md-journal.com
t

6
3
4
7

1
3

-
is

.

increased understanding of the pathogenesis of this clinical
syndrome. Second, the goal of propensity scores is to balance
observed covariates between subjects. Because the sample size
was not large enough, the analysis was performed based on
age- and sex-matched participants with the top and bottom
third HOMA-IR. This way is insufficient to mimic randomized
control trial and might affect the study results. Third, there is
still the possibility of unmeasured confounding factors. Finally,
this study also could not address the causal effects between
UCPs and HOMA-IR.
7

5. Conclusion

To summarize, this study provided clinical evidence revealing the
association of serum levels of uncoupling proteins with insulin
sensitivity. The analytical data showed that UCP 1, but not UCP 2
or UCP 3, was a negative independent predictor for high insulin
resistance. On the basis of the results obtained, it can be
concluded that the subjects with low serum UCP 1 levels could be
at increased risk of high insulin resistance.
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