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 Dipeptidyl peptidase-IV (DPP-IV) is a circulating glycoprotein that reduces uptake 
of insulin-stimulated glucose and is related to obesity and metabolic syndrome. However, the 
influence of exercise and nutritional plan on serum DPP-IV in children and adolescents with 
metabolic syndrome remains unclear. To judge serum activity of DPP-IV in obese children and 
adolescents with and without metabolic syndrome, and to assess the impact of exercise, and 
nutritional regimen on serum DPP-IV activity, metabolic syndrome components, and insulin 
resistance issue in children and adolescents with obesity. This study included 80 Egyptian 
individuals; 40 obese subjects (group I), and 40 healthy non-obese subjects (group ??) with 
matched age and sex. Serum DPP-IV activity, lipid panel, glucose, and insulin levels were 
quantified. Serum DPP-IV enzyme activity of obese patients with MS revealed significant 
elevation than those who did not have MS, and control counterparts (P < 0.001). The serum 
DPP-IV enzyme activity, lipid panel except HDL, and HOMA-IR were significantly suppressed 
after weight loss due to exercise and nutritional regimen. In obese patients at baseline, serum 
High BMI Z-score, W/H ratio, BAI, and serum triglycerides are the main actors in stimulating 
DPP-IV enzyme activity in obese patients by linear regression analysis, and they were positively 
correlated with DPP-IV enzyme activity. BMI z-score, W/H ratio, BAI, and serum triglycerides 
are closely associated with high serum DPP-IV enzyme activity in obese patients. The reduced 
DPP-IV enzyme activity after weight loss is paralleled by a significant modulation of HOMA-IR.
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 Dipeptidyl-peptidase IV (DPP-IV) is 
present as a soluble enzyme in plasma1, and on 
the surface of T-cell lymphocytes as a membrane-
bound antigen, on blood vessels endothelial 
layer, skeletal muscle, liver, and adipose tissue 
2, and in the kidney3. It also known as CD26 and 
acts as a key player in controlling satiety by the 
hypothalamus, immune function by activating 

T-cells, and in monitoring release of insulin4. 
Also, it is accounted as a cytokine that has been 
involved in the onset of metabolic syndrome and 
type II diabetes. It impairs insulin signaling in the 
skeletal muscle thereby affecting glucose tolerance 
and raising cardiometabolic risk5. The development 
of pharmacological DPP-IV inhibitors enhances 
glycemic control and cardiometabolic health6. 
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According to previous studies; it seems that DPP-
IV activity has a certain link with body composition 
in obese people7-8. 
 Exercise and nutritional plan has been 
found to reduce metabolic syndrome criteria and 
modulate glucose tolerance and insulin sensitivity 
in adults9-13. To our knowledge, assessment of 
DPP-IV activity in children after weight loss due 
to lifestyle changes is lacking, and the changes 
in serum DPP-IV activity in obese children and 
adolescents as regard to metabolic syndrome are 
still unclear. Therefore, the focus of the present 
approach was to assess DPP-IV enzyme activity 
in serum of obese children and adolescents with 
metabolic syndrome before and after weight loss 
and to investigate the association of serum DPP-
IV enzyme activity with adiposity parameters and 
metabolic syndrome components as well as insulin 
resistance in a sample of  Egyptian obese patients.
Subjects and Methods
Design and setting of the study 
 This descriptive comparative case–control 
study consisted of 80 children and adolescents 
aged 10–14 years. They were chosen from the 
Child Health Outpatients’ Clinic at the Center of 
Excellence, National Research Centre (NRC) in 
Egypt.
Sample size
 The sample size was calculated to assess 
the risk factors probably affecting serum DPP-IV 
enzyme activity in obese children.The sample size 
was calculated by using Open Epi sample size 
calculator. The calculation based on a confidence 
interval of 95%, power 80%, ratio of control to 
cases is 1, and the least extreme Odds ratio to be 
detected is 2.
Subjects
 The study was carried out on 80 Egyptian 
children; 40 obese (group É), and 40 healthy non-
obese subjects (group ÉÉ) age and sex matched. 
Group É was subdivided according to the criteria 
of MS into 2 groups (group Éa) consisted of 
20 obese patients who apply for the criteria of 
MS, and (group Éb) enclosed 20 obese without 
MS. Metabolic syndrome was determined by 
as age-modified criteria with a least3 of the 5 
criteria: systolic or diastolic blood pressure, waist 
circumference, fasting blood glucose, HDL, and 
triglycerides14. For calculation of the metabolic 
syndrome risk score, we used Adult Treatment 

Panel-III definitions as follows: 1) blood pressure 
equals135/85 mmHg, 2) abdominal obesity 
characterized by a waist circumference equals98 
cm for males and 88 cm for females, 3) fasting 
glucose, 110 mg/dl, 4) serum triglycerides, 150 
mg/dl, and 5) HDL-cholesterol,40 mg/dl.Patients 
with a risk score of e3 are determined as having 
metabolic syndrome15.
Criteria of selection
 Obese patients were selected according 
to the inclusion and exclusion criteria. Inclusion 
criteria include children and adolescents with 
simple obesity based on BMI for age percentile > 
95 th percentile and BMI for age z-score e 2 on the 
growth charts according to WHO growth curve16. 
Exclusion criteria enclosed endocrinal and genetic 
causes of obesity, children and adolescents with 
chronic debilitating diseases, and also the use of 
drugs that influence blood pressure, glucose level 
or lipid profile. 
Standard protocol approvals and consents
 Before the study enrollment, written 
consent was get from the parents after explaining 
the nature of the study, and according to the 
approval obtained from the Institutional Medical 
Research Ethics Committee of the NRC, Egypt 
with the Ethics Committee approval Number 
18041.

MethoDS 

 A full history was obtained from parents 
with specific stress on hypertension, and diabetes 
mellitus. Clinical examination was done for all 
subjects. Puberty was determined by rating breast 
development in girls and genital development in 
boys and also pubic and axillary development for 
boys and girls17. 
 Anthropometric parameters were 
measured for all subjects at baseline and 6 
months after weight loss. Height was measured 
in centimeters by Harpendenstadiometer. Body 
weight was recorded in kilograms using an 
electronic weight scale18. The BMI was calculated 
as weight (in kilograms) divided by height (in 
meters) squared. A body mass index from 18.5 
to 24.9 means that the subject falls in the normal 
range, 25.0 to 29.9 means a child is overweight 
and a score of 30.0 and higher means the patients 
is obese. BMI for age percentile and z-score was 
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calculated based on the WHO growth standards16 
with the help of the Anthro-plus Program of  PC.
 Waist circumference (WC) was measured 
at the midpoint between the lower border of the 
ribcage and the iliac crest using a non-elastic tape 
measure. For measuring the hip circumference 
(cm), the subject stood erect with feet together and 
weight evenly distributed on both feet. The non-
stretchable stain steal tape was held horizontally 
around the maximum extension of the buttocks, 
the reading was approximated to the nearest 0.1 
cm. A waist: hip ratio over 0.96 for males and 
0.83 for females are considered to be at risk for 
cardiovascular disease associated with obesity 
according to the Centers for Disease Control and 
Prevention (CDC)19.
 Body fat percentage (%), fat mass (kg), 
and body adiposity index (%) were determined 
by using Tanita Segmental Body Composition 
Analyzer. They provide the most accurate and 
detailed analysis of adiposity measures. The 
Body adiposity index is a good tool in measuring 
adiposity. It is considered to be high if   it is >32 
for obese females, and >25 for obese males20.
 At the baseline evaluation, dietary 
history was collected from parents including type 
of food and eating behaviors, physical activity 
daily. Food frequency questionnaire for children 
and adolescents was brief, easy to read, self-

explanatory, and age appropriate. Questionnaires 
that were completed by parents at home are used to 
determine dietary intake. A personalized balanced 
normocaloric diet adjusted by age using the 
nutrient density method21 was given to the parents 
of obese patients.  After 6 months of follow-up, 
the same clinical examination, anthropometric 
measurements, and metabolic evaluations were 
repeated in all obese individuals.
Laboratory analyses
 A venous blood sample was taken from 
every participant after overnight fasting, and 
the serum was separated within one hour after 
blood collection and preserved at – 20 C until 
assessment of serum DPP-IV enzyme activity with 
a commercially available ELISA kit (Glory Science 
Co., Ltd., USA), according to manufacturer’s 
instructions. The color change was measured at a 
wavelength of 450 nm. The serum DPP4 enzyme 
activity was then determined by comparing the 
O.D. of the samples to the standard curve.
 Serum glucose,and lipid profile were 
determined by colorimetric method using the 
Stanbio kit (USA). Insulin in serum was evaluated 
by an immune-enzymometric assay using the 
Monobind Inc. kit (USA). 
 Insulin resistance was calculated by 
Homeostatic Model Assessment-Insulin Resistance 
(HOMA-IR) = fasting insulin (µU/ml) x fasting 

table 1. Comparison between total cases (obese with and without metabolic syndrome) 
and control group as regard to anthropometricparameters (ANOVA test)

Variables Control Obese  Obese  F P-value
 group groupwith  group 
  metabolic  without 
  syndrome metabolic 
   syndrome
 Mean ± SD Mean ± SD Mean±  SD  

Age (yrs) 14.80a±1.88 14.92b±0.91 14.89c±0.72 10.916 0.7ca,cb
Waist circumference 58.90a±4.74 108.73b±5.87 108.67c±8.96 644.283 0.000*ab-ac
Hip circumference 78.45a±4.93 124.64b±7.75 120.00c±12.51 309.179 0.000*ab-ac
Waist : hip ratio 0.75a±0.02 0.88b±0.02 0.91c±0.03 453.336 0.000*ab-ac-bc
BMI for age percentile 47.70a±23.07 99.27b±0.46 99.00c±0.69 98.161 0.000*ab, ac
BMI for age Z score -0.42a±0.71 2.39b±0.29 2.36c±0.31 259.584 0.000*ab, ac
Body fat percentage (%) 11.25a±5.36 52.38b±11.37 37.00c±12.19 155.873 0.000* ab,  ac, bc
Fat mass ( kg) 5.07a±3.28 42.74b±11.00 33.24c±10.88 179.488 0.000* ab,ac,bc
Muscle  mass (kg) 54.64c±16.23 37. 72b±11.45 36.37a±4.50 21.314 0.000* ca,cb
Body adiposity index (%) 25.28a±1.04 48.86b±5.18 41.93c±8.07 199.151 0.000* ab,  ac, bc

*Significant difference at p< 0.05; abc=  significance between groups
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glucose (mg/dl)/40523. The healthy range should 
be equal to 1.0 (0.5–1.4) but above 1.9 indicates 
early insulin resistance, while, above 2.9 indicates 
significant insulin resistance24.
Statistics
 Statistical analysis was performed using 
the statistical package for social sciences, version 
23 for Windows (SPSS Inc., USA). Continuous data 
were expressed as mean ± SD and were compared 
using Student’s t-test. Non-parametric data were 
expressed as a median and range. Between groups, 
comparisons were done using the Mann Whitney 
test. Chi-square was carried out for comparison of 
qualitative data that were expressed as frequencies 
and percentages. Pearson Correlation was done 
for relations between variables. The analysis of 
variance (ANOVA) with the Turkey test was used 
to compare DPP-IV enzyme activity between 
obese children group (with and without metabolic 
syndrome) and control group.
 As the concentration of DPP-IV enzyme 
activity has a normal distribution, linear regression 
analysis was used to estimate the effects of different 
risk factors as adiposity measures as BMI for age 

z-score, body adiposity index, as well as lipid 
profile, serum glucose, and insulin resistance in 
potentially changing the serum DPP-IV enzyme 
activity. A receiver operating characteristic (ROC) 
curve analysis was performed to estimate the cut off 
values of serum DPP-IV enzyme activity with the 
highest sensitivity, specificity and area under the 
curve (AUC) for early detection of cardiovascular 
and metabolic risk among obese children. Values 
of P < 0.05 were considered statistically significant, 
and p<0.01 was considered highly significant.

ReSuLtS

 Forty obese Egyptian patients; 20 boys, 
and 20 girls are consecutively enrolled in the study. 
The age of the subjects ranges from 10 to 14 years 
old. There is no significant difference between 
the ages in the obese group and the non-obese 
control group (P> 0.05). The mean waist and hip 
circumferences, waist: hip ratio, BMI, BMI for 
age percentile and Z-score, body fat percentage 
(%), fat mass (kg), and body adiposity index 
(%) in the obese group with MS shows a highly 

Fig. 1. Comparison between total cases (obese with and without metabolic syndrome) and control group as regard 
to serum DPP -IV enzyme activity
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table 3. Comparison between obese cases as regard to sex differences

Variables Obese males Obese females  t-test P value
 Mean ± SD Mean ± SD  

Serum DPP-IV enzyme activity 895±36.71 892.5±61.70 0.161 0.873

table 2. Comparison between total cases (obese with and without metabolic 
syndrome) and controlsas regard to laboratory analyses (ANOVA test)

Variables Control Obese  Obese  F P-value
 group groupwith  group 
  metabolic  without 
  syndrome metabolic 
   syndrome
 Mean ± SD Mean ± SD Mean±  SD  

Serum DPP-IV(IU/L) 789a±52.32 903.64b±47.46 882.22c±46.22 45.509 0.000*Ab, ac
Serum cholesterol 128a±6.06 174.1b±23.33 141.56c±1.45 86.287 0.000* ab, ac, bc
Serum triglycerides 67.6a±14.68 94.73b±22.40 77.44c±15.65 17.410 0.000*Ab, ac,bc
Serum HDL 57.3a±4.13 41.55b±10.75 44.56c±8.84 36.919 0.000* Ab, ac
Serum LDL 54.1a±8.83 91.18b±19.47 70.78c±20.78 41.329 0.000* Ab, ac, bc
serum fasting glucose 85a±4.69 91.82b±14.83 81.44c±10.06 6.198 0.003* ab, bc
serum insulin 15.48a±0.69 28.28b±3.81 30.02c±4.79 200.855 0.000* ab, ac
HOMA-IR 3.48a±0.96 6.86b±0.77 6.19c±1.39 92.399 0.000* ab, ac, bc

*Significant difference at p< 0.05, **highly significant difference at p<0.01.       abc =  significance between groups

significantly increase relative to those of subjects 
who did not have MS, and the control ones (P < 
0.001). Meanwhile muscle mass reveals a highly 
significant decrease in the obese group with MS in 
respect without MS, and control group (P < 0.001). 
Table (1) shows comparison by ANOVA between 
total subjects (obese with and without metabolic 
syndrome) and non- obese subjects with regards to 
anthropometric parameters.
 Serum DPP-IV enzyme activity of the 
obese group with MS displays highly significant 
enhancement versus those who did not have MS, 
and the non-obese counterparts (P< 0.001) (Figure 
1). The obese group with MS also had significantly 
higher serum cholesterol, triglycerides, LDL- 
cholesterol, glucose, insulin, and HOMA-IR values 
, while, they had significantly lower serum HDL- 
cholesterol in comparison with those who did not 
have MS, and the control group (5ØCÜ< .001), as 
shown in Table (2).
 No sex differences are recorded on 
comparing serum DPP-IV enzyme activity between 
males and females in the obese group and Table 

(3) represents a comparison between obese cases 
as regard to sex differences.
 In obese patients after the one-year 
lifestyle intervention program, the mean BMI, 
BMI for age percentile and z-score, waist, and 
hip circumferences and the waist: hip ratios show 
significant drop relative to those recorded before 
the intervention, and those of the non-obese 
counterparts. Likewise, adiposity measures as 
body fat percentage (%), fat mass (kg), and body 
adiposity index (%) reveal significant blunting 
in the obese patients after a one-year lifestyle 
intervention program in comparison with those 
before the intervention and those of the non-obese 
ones. Concerning the laboratory determinations, 
serum DPP-IV enzyme activity and serum levels 
of cholesterol, triglycerides, LDL cholesterol, 
glucose, insulin, and HOMA-IR are significantly 
lessened whereas serum level of HDL-cholesterol 
is significantly higher compared to baseline, and 
the non- obese group, as shown in Table (4), and 
figure (2).
 In obese patients at baseline, serum DPP-
IV enzyme activity is positively correlated with 
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Fig. 2. Comparison between obese group (at baseline and after weight loss), and non-obese group as regard to serum 
DPP IV enzyme activity

serum levels of triglycerides, and HOMA-IR as 
shown in Table (6).
 The linear regression analysis of the data 
for the obese patients at baseline showed high BMI 
z-score, waist: hip ratio, body adiposity index, and 
serum triglycerides. The obtained data indicate that 
these measures are good indicators for high serum 
DPP-IV enzyme activity in obese patients (Table 
7). 
 Eval uating the diagnostic performance 
of serum DPP-IV enzyme activity as a biomarker 
for obesity by calculating the area under the ROC 
curve is shown in Table (8) and Figure (3). This 
analysis demonstrates that serum DDP-IV enzyme 
activity may detect obesity metabolic complications 
with the AUC of 0.935 (95% confidence interval 
[CI] 0.872- 0.998, with a sensitivity of 90% and a 
specificity of 90% at a cutoff value of 835IU/L).

DiSCuSSion

 Metabolic syndrome (MS) describes 
a collection of fac tors with a metabolic origin, 
such as obesity, hypertrig lyceridemia, low HDL-
cholesterol, arterial hypertension and glucose 
metabolism disorders, which are associated with 
cardiovascular diseases and type II Diabetes 
mellitus25. 

 Excess body fat promotes insulin 
resistance which triggers the metabolic disorders 
that include MS. The subjects were diagnosed as 
having MS if they met three of the subsequent five 
WHO criteria15,26.
 Our findings indicate that the metabolic 
syndrome is more common in our sample of 
obese participants. Twenty-two (51%) out of 
forty in our cases with obesity was diagnosed 
with MS. This comes in line with Weiss et al. 27, 
who observed that approximately 50% of severely 
obese patients have MS. In contrast to our study, 
Brazilian studies reported prevalence rates of MS 
varying from 17.3% to 26.1% in obese children 
and adolescents28-29.
 The accumulation of visceral fat has been 
demonstrated to be strongly associated with MS 
in childhood and waist circumference has been 
identified as the best clinical indirect indicator of 
visceral fat accumulation30-31. The usefulness of 
waist circumference measurement is confirmed by 
previous pediatric studies demonstrating that, within 
a given BMI category, a higher cardiovascular and 
metabolic risk with the development of insulin 
resistance has been found in subjects with a large 
waist circumference compared to those with a low 
waist circumference31. Although reference values 
for waist circumference in children still used for 
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table 4. Comparison between total cases group (at baseline and after weight loss), and control groups asregard 
to anthropometric and laboratory measures (ANOVA test)

Variables Control Cases Cases Group  F P-value
 Group (a) group at  after weight 
  baseline(b) loss(c) 
 Mean±  SD Mean±  SD Mean±  SD  

BMI for age percentile 47.70a±23.07 99.27b±0.46 99.00c±0.69 98.161 0.000*ab, ac
BMI for age Z score -0.42±0.71 2.37±0.29 1.44±0.70 223.543 0.000**ab,ac,bc
Waist circumference 58.90±4.74 108.70±7.32 100.20±6.19 744.936 0.000**ab,ac,bc
Hip circumference 78.45±4.93 122.55±10.30 112.65±10.16 274.994 0.000**ab,ac,bc
Waist : hip ratio 0.75± 0.02 0.89±0.027 0.89±0.034 337.484 0.000**ab,ac
Body fat percentage (%) 11.25±5.36 45.46±13.95 31.65±3.85 149.385 0.000**ab,ac,bc
Fat mass ( kg) 5.07±3.28 38.47±11.82 23.39±5.74 183 0.000**ab,ac,bc
Lean mass (kg)  36..37±4.50 45.34±16.07 50.38±10.84 15.256 0.000**ab,ac
Body Adiposity index(%) 25.28±1.04 45.75±7.42 37.22±6.26 133.135 0.000**ab,ac,bc
Serum cholesterol 128±6.05 159.45±24 .05 152.75±17.31 36.010 0.000**ab,ac
Serum triglycerides 67.6± 14.67 86.95± 21.28 83.20±17.05 13.180 0.000**ab,ac
Serum HDL 57.3± 4.13 42.9± 9.93 45.40±7.64 40.856 0.000**ab,ac
Serum LDL 54.1± 8.83 82± 22.32 79.40±19.47 29.848 0.000**ab,ac
Serum fasting glucose 85.0± 4.69 90.15± 13.78 83.10±9.22 1.660 0.019*ab
Serum insulin 15.48± 0.69 29.07±4.31 24.27±3.65 175.771 0.000**ab,ac,bc
HOMA-IR 3.48±0.96 6.56±1.13 4.44±0.75 108.263 0.000**ab,ac,bc
Serum DPP-IV (IU/L) 789±52.32 894±47.55 812±36.18 57.964 0.000**ab, ac,bc

*Significant difference at p< 0.05, **highly significant difference at p< 0.01

a few countries like Canada32 UK33 and USA34, 
the clinical use of waist circumference in children 
and adolescents is restricted by the shortage 
of an internationally approved classification 
which provides cut-offs of age-specific waist 
circumference and by the shortage of reference 
values of population in most nations. Using the 
waist/ hip ratio has recently been proposed to 
overcome these limitations,35–37. Santoro et al38 
mentioned that a statistically significant increased 
risk of metabolic syndrome, high blood pressure, 
prediabetes, and lipidemia is correlated with waist/ 
hip ratio> 0.80 

table 5. Correlation between serum DPP-IV enzyme activity at baseline and 
anthropometric measures and blood pressure inthe studied cases

Variables  Age BMI BMI  BMI Waist:  Body fat  Fat  Muscle  body 
    z- score percentile hipratio percentage mass mass adiposity 
         index

Serum  Pearson  -.186 .282 .500(**) .318(*) .144(*) -0.011 0.208 0.148 -0.286
DPP-IV Correlation
(IU/L) Sig. (2-tailed) .252 .078 .001 .046 .375 0.948 0.197 0.361 0.074

*Significant difference at p< 0.05, **highly significant difference at p< 0.01

 In the current study, the mean waist, and 
hip circumferences, waist: hip ratio, BMI, BMI for 
age percentile, and z-score in the obese group with 
MS were highly significantly greater than those of 
subjects who did not have MS, and control group (P 
< 0.001).These results echo those of the previous 
studies39-40 which registered higher waist, and hip 
circumferences, waist: hip ratio, BMI, BMI for age 
percentile, and z-score in the obese children with 
MS than those who did not have MS and control 
counterparts (P< 0.001).
 In our study, adiposity measures, as 
body fat percentage (%), fat mass (kg), and body 
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table 6. Correlation between serum DPP-IV enzyme activity and 
other laboratory measures in the studied cases

Variables  Serum  Serum  Serum  Serum  glucose Fasting  HOMA
  cholesterol TGS HDL LDL  insulin -IR

Serum  Pearson  .265 .432(**) .257 .044 -.240 -.035 .392(*)
DPP-IV Correlation
 Sig. (2-tailed) .099 .005 .109 .790 .136 .832 .012

*Significant difference at p< 0.05, **highly significant difference at p<0.01

table 7. Linear regression analysis for the predictors of serum DPP-IVenzyme activity in obese patients

Variables                          Un-standardized  Standardized                     95% Confidence Interval for B
                           Coefficients  Coefficients
 B Std. Error Beta t Sig. Lower  Upper 
      Bound Bound

(Constant) -6134.488 1420.890  -4.317 .000* -9032.412 -3236.563
BMI z-score 144.296 81.012 .887 1.781 .085 -20.929 309.521
Waist: hip ratio 5652.942 1167.551 3.215 4.842 .000* 3271.706 8034.178
Body adiposity index 23.064 5.037 3.598 4.579 .000* 12.791 33.337
Serum cholesterol -.766 1.004 -.387 -.763 .451 -2.814 1.282
Serum TGS 3.970 1.540 1.777 2.577 .015* .828 7.112
HOMA-IR 6.839 11.330 .162 .604 .550 -16.270 29.948
Serum HDL 5.812 1.491 1.631 5.239 .056 4.771 10.854
Serum LDL 6.383E-02 .445 .030 .144 .887 -.843 .971

*Significant difference at p< 0.05.

adiposity index (%) in the obese group with MS 
showed highly significant increase relative to those 
who did not have MS, and the control group (P< 
0.001), while muscle mass revealed a significant 
reduction as compared to that of subjects without 
MS, and the control group ( P< 0.001). These 
results match those in adults as reported by 
Sangun et al41. These investigators observed higher 
adiposity measures in the obese group with MS, 
compared to those who did not have MS, and the 
controls.
 Serum DPP-IV enzyme activity in the 
obese group with MS in the present study was 
statistically significantly higher than that of 
subjects who did not have MS and the non-obese 
participates (P < 0.001). Up to our knowledge, no 
studies till now compare the serum DPP-IV enzyme 
activity of the subjects with and without MS and 
non-obese ones. The obese group with MS also 
experienced highly significant elevation in serum 
cholesterol, triglycerides, LDL, glucose, insulin, 
and HOMA-IR values versus those of subjects 

without MS, and control group (5ØCÜ<0.001). 
These findings fit those of Sangun et al41 who stated 
that obese children have a significantly higher MS 
prevalence with higher lipid profile and insulin 
resistance than the non-obese cases. The increased 
fasting insulin level in MS children and adolescents 
just reflects the increased insulin resistance in 
these cases and this supports the critical role of 
high insulin resistance in metabolic syndrome 
pathogenesis.
 In the present study, no sex differences 
were observed in comparing serum DPP-IV 
enzyme activity between males and females in 
the obese group. This result is in conflict with that 
of Neidert et al42 in adults as this research group 
reported that women have lower average DPP-IV 
activity with respect to men, so it is possible to 
suggest that gynoid fat is a sex impact instead of a 
fat mass impact. However, there is very little data 
concerning sex and DPP-IV activity. 
 In general, serum DPP-IV activity of 
children is higher than in adults43, and a decreased 
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Fig. 3. Diagnostic performance of serum DPP IV for the identification of obesity

serum DPP-IV activity has been reported in the 
adults44. The finding of the present study showed 
no significant correlation between age and DPP-IV 
activity. This result is in harmony with that in the 
adult study done by Neidert et al42 who recorded 
no significant association between DPP-IV activity 
and age. However, this finding is in distinction 
with the previous study showing down-regulation 
of DPP-IV activity in older adults44. 
 In the current study, serum DPP-IV 
enzyme activity in obese cases at baseline was 
positively correlated with BMIZ-score, waist: 
hip ratios, body adiposity index. This result 
converges with the previous report of Kirino et al8 
who documented a relationship between DPP-IV 
activity and BMI in Japanese students. Malin et 
al45 observed increased serum DPP-IV enzyme 
activity with the increased fat mass. Lamers et al5 
explained this phenomenon as more serum DPP-IV 
enzyme activity is liberated from adipose tissue, 
and particularly when adipocytes of obese patients 
stimulated by inflammatory mediators. However, 
this finding is not in agreement with Neidert et al42 
who stated that enzyme activity of DPP- IV has a 
negative correlation with fat mass, suggesting that 

less DPP-IV activity would be found in people with 
more fat. 
 The linear regression analysis of our data 
for obese cases at baseline showed great BMI 
z-score, waist: hip ratio, body adiposity index, 
and serum triglycerides levels. This points to that 
these measures are good indicators of high serum 
DPP-IV enzyme activity in obese cases. Up to 
our knowledge, no studies until now assess the 
predictors for high serum DPP-IV enzyme activity 
in obese children or adolescents.
 To the best of our knowledge, this is 
the first longitudinal study in obese children 
and adolescents demonstrating the decreased 
serum DPP-IV enzyme activity with weight 
loss. Moreover, our study proved that decreased 
serum DPP-IV enzyme activity in weight loss is 
associated with a significant improvement in insulin 
resistance. DPP-IV enzyme is wide expressed in 
several organs, however, fat mass reduction may 
be the possible cause of the regression of DPP-IV 
enzyme activity. The explanation of the retraction 
of DPP-IV enzyme activity after the reduction of fat 
mass is that the increase in adipose tissue is directly 
proportional to the elevated levels of inflammatory 
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table 8. The area under the ROC curve and the cutoff value of serum 
DPP- IV enzyme activity in obese patients

 AUC 95% CI p Cutoff value  Sensitivity Specificity
    (IU/L) 

Serum DPP-IV(IU/L) 0.935 0.872- 0.998 0.000* 835 90% 90%

*P < 0.05 is significant

cytokines inducing the lymphocytes activation with 
an increased release of DPP-IV enzyme activity. 
Hence, the reduction of fat mass is paralleled by 
the suppression of the inflammatory mediators, 
regression of lymphocytes activity, and finally 
down-regulation of DPP-IV enzyme activity. 
This explanation stems from Malin et al45 who 
emphasized that following weight loss induced by 
surgery, the increased enzyme activity of DPP-IV 
is restored to the normal value of the lean control 
subjects. 
 In the present study, after 6 month 
lifestyle intervention programme for obese children 
and adolescents, the mean BMI, BMI z-score, 
waist: hip ratio, adiposity indicators as body fat 
percentage (%), fat mass (kg), and body adiposity 
index (%)  were highly significantly decreased 
comparative to the baseline, and control group. 
Moreover, the serum DPP-IV enzyme activity and 
serum cholesterol, triglycerides, LDL cholesterol, 
glucose, insulin, and HOMA-IR values were 
highly significantly depressed while serum level 
of HDL-cholesterol was significantly elevated 
relative to the baseline, and the control group. 
Our results fit with those of Malin et al45 who 
observed lower DPP-IV enzyme activity, HOMA-
IR, and lipid profile following exercise training and 
weight loss. These authors explained this finding 
by the increased insulin sensitivity in adults with 
metabolic syndrome. Also, Reinehr et al46 recorded 
lower DPP-IV enzyme activity in obese children 
with weight loss. These investigators reported that 
exercise inducing weight loss is the cornerstone 
therapy for reducing metabolic syndrome and 
diabetes risk. Exercise training significantly 
reduced plasma DPP-IV enzyme activity in obese 
adults with metabolic syndrome, and significantly 
improved insulin sensitivity as well as elevated fat 
oxidation. These results lead us to suggest DPP-IV 

enzyme activity may play a fundamental role in 
the controlling of glucose and lipid metabolism. 
In contrast, Neidert et al42 observed high DPP-IV 
enzyme activity in obese adults with weight loss.
 Fasting HOMA-IR is the primarily 
reflective indicator of liver glucose metabolism47. 
Herein, the noticeable drop in HOMA-IR after the 
life intervention program and the association of 
improved HOMA-IR value with the suppression 
DPP-IV enzyme activity raises the possibility 
that the reduction in DPP-IV enzyme activity 
may participate in the changes in hepatic insulin 
sensitivity after exercise.
 As regard to lipid panel and DPP-IV 
enzyme activity, it has been reported that elevated 
DPP-IV is linked to cardiovascular disease because 
it is associated with dyslipidemia48. Therefore, 
the use of DPP-IV inhibitors has been proposed 
to produce cardio-protective effects through not 
only improving insulin sensitivity but also by 
suppressing inflammatory status49-50. 
 In the current research, according to the 
receiver-operating characteristics (ROC) curve, 
high serum DPP-IV enzyme activity is considered a 
good predictor for obesity metabolic complications. 
The analysis demonstrated that serum DPP-IV 
could detect obesity metabolic complications at 
cut-off values of  835 IU/L.
 Conclusively, this study offers clinical 
evidence for the significance of the decreased 
DPP-IV enzyme activity with weight loss and its 
association with the improvement of HOMA-IR 
in obese cases. Also, our data disclose that BMI 
z-score, waist: hip ratio, body adiposity index, and 
serum triglycerides are key players for inducing 
serum DPP-IV enzyme activity in obese cases. 
Therefore, we suggest that DPP-IV is accounted as 
a target for the management of metabolic syndrome 
in children and adolescents with obesity.
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