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 Abstract 

   Schistosome antigens modulate host metabolic profiles in experimental animals. The effects of pre-

vious schistosome infection (PSI) and the development of metabolic syndrome remain unknown in 

humans. This study evaluated previous schistosome infection (PSI) related to metabolic syndrome 

(MS).  A total of 547 participants aged ≥40 years from rural areas of Zagazig district were enrolled. Of 

them, 269 patients with PSI and 305 normal served as controls.  For all participants blood pressure, 

height, body weight and waist circumstance (WC) were measured. Blood samples were examined bio-

chemically to determine triglyceride (TG), fasting blood glucose (FBG) and high-density lipoprotein 

cholesterol (HDL-C). Associations between PSI and MS were evaluated using logistic regression. Pa-

tients with PSI had significantly lower levels of body mass index (BMI), WC, TG, insignificantly low 

levels of fasting blood glucose (FBG) and significantly higher levels of high-density lipoprotein cho-

lesterol (HDL-C) compared with controls. Prevalence of MS in PSI was significantly low than controls 

(32.7% vs. 42.3% respectively). PSI significantly associated with low prevalence of metabolic syn-

drome and its components, including central obesity, hypertension, hyperglycemia, hypertriglycer-

idemia and low HDL-C. Potential long-term effects of PSI may reduce metabolic syndrome risk.  

Keywords: Previous schistosome infection, Metabolic syndrome. 
 
 

Introduction 
      Schistosomiasis poses a major public 

health threat in many tropical and sub-

tropical countries. The disease is endemic in 

78 countries worldwide. In 2011, at least 

243 million people were infected and needed 

treatment (Liang et al, 2014). Metabolic 

syndrome is a condition that includes the 

presence of a cluster of risk factors specific 

for cardiovascular disease. A meta-analysis 

of longitudinal studies revealed a signifi-

cantly higher risk of cardio-cerebro-vascular 

diseases and death in patients with MS com-

pared with non-MS subjects (Mottillo et al, 

2010). Some studies have shown an inverse 

association between helminth infections and 

inflammatory diseases, including MS, cardi-

ovascular diseases (Sengupta, 2008). 

   Helminth parasites are the strongest natu-

ral inducers of type 2 inflammatory respons-

es, and epidemiologic studies in India and 

rural China revealed that helminth infections 

inversely correlate with metabolic syndrome 

(Wiria et al, 2014). Some studies recently 

reported that the rodent nematode Nip-

postrongylus brasiliensis, which is sponta-

neously cleared within 2 weeks of infection, 

improves glucose tolerance in diet-induced 

obese mice (Wu et al, 2011). These studies 

suggested that manipulation of the immune 

system by helminths or their molecules 

might be beneficial for metabolic homeosta-

sis.  

   However, it remains unclear which aspects 

of whole-body energy metabolism were af-

fected by the worms (Wiria et al, 2014). 

Schistosomiasis was regarded as both a hel-

minthic infection and an immunological dis-

ease (Zhu et al, 2008). Schistosome antigens 

(SEA) was found to induce metabonomic 

alterations and mediate the host immune re-

sponse (Wu et al, 2011), which produced a 

strong anti-inflammatory response to help 

the suppression of the development of arte-

riosclerosis in mice (Subramanian et al, 

2013).  

   This study evaluated the association be-

tween the PSI and the risk of developing MS 

components to provide evidence for the dev- 

elopment of new strategies for prevention 

and control of MS.  
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Materials and Methods 
   Type of study: A cross-sectional study. 

   Study population: The present study in-

cluded 574 participants aged 41-70Y, 415 

male and 159 female from Internal Medi-

cine, Tropical medicine Outpatient Clinics 

of Zagazig University Hospitals from June 

2012 to April 2015. Participants with a his-

tory of viral hepatitis, decompensated cir-

rhosis, malignant tumors, kidney dysfunc-

tion, and use of statin drugs, active schisto-

some infection or incomplete medical rec-

ords were excluded.     

    The study was confined to participants 

from rural areas in Zagazig District. All 

were subjected to full medical history, soci-

oeconomic and educational classes and un-

derwent complete clinical examination, ab-

dominal sonography. The collected records 

of all participants were reviewed retrospec-

tively. Stool samples examination by Kato–

Katz method to confirm all subjects were 

parasite free at the time of sampling.   

   They were divided into group with previ-

ous schistosome infection (PSI) (269 partic-

ipants) and group without PSI as a control 

group (305 participants).  

  All participant’s blood pressure, height, 

body weight and waist circumstance (WC) 

were measured. All participants fasted for 8–

12 h prior to collection of 5 mL of venous 

blood on next morning. Levels of FBG were 

measured using the glucose oxidase method 

on an autoanalyzer (ADVIA-1650 chemistry 

system, Siemens, Munich, Germany). He-

moglobin (Hb) levles were counted in 

whole-blood samples using a model T890 

Coulter counter (Coulter, Miami, FL). Ala-

nine aminotransferase (ALT), TG, HDL-C 

were measured using an enzymatic colori-

metric method (LX-20; Beckman, Brea,CA). 

   Evaluation of tests: According to the In-

ternational Diabetes Federation 2005 criteria 

(Alberti  et al,  2005) MS was diagnosed as 

central obesity WC ≥102 cm in men and ≥ 

88 cm in women and any two of the follow-

ing four criteria: (1) BP ≥ 130/85 mmHg  or 

taking antihypertensive drugs; (2)TG ≥150 

mg/dl ;(3) HDL-C  <40 mg/dl in men, < 50 

mg/dl in women ; (4) FBG ≥100 mg/dl or 

taking hypoglycemic medications .Obesity 

was defined as a body mass index (BMI) of 

≥30 kg/m2 (Liu et al.,2002). BMI is defined 

as the body mass (weight) divided by the 

square of the body height and is universally 

expressed in units of kg/m
2
, resulting from 

mass in kilograms and height in metres.  

  PSI was defined as follows: History of liv-

ing in a schistosomiasis-endemic area, con-

tact with infested water, drug treatment and 

a definite diagnosis of chronic schistosomal 

liver disease detected with B-mode ultraso-

nography. The criteria for an ultrasound di-

agnosis of chronic schistosomal liver disease 

involved thickened liver parenchyma, with 

enhanced echo intensity that displayed a 

grid-like distribution, dilation of the portal 

vein (main trunk diameter > 1.3 cm), with a 

thickened luminal wall, and enlargement of 

the left lobe of the liver and atrophy of the 

right lobe, with the external left lobe appear-

ing blunt and round (Richter et al, 2000) 

   Ethical consideration: A detailed descrip-

tion of the purpose and potential benefits of 

this study was explained to the participants 

prior to sample collection and a written or 

thumb-printed informed consent was ob-

tained. The study was approved by the 

Committee of Research, Publications and 

Ethics of the college of Medicine, Zagazig 

University, Egypt. 

   Statistical analysis: Data were expressed 

as mean & standard deviation (SD) for con-

tinuous variables and as a percentage for 

categorical variables using Student’s t-tests 

for continuous variables and chi-square test 

for categorical variables. Correlations be-

tween PSI and MS and its components were 

evaluated by logistic regression analysis. A 

P value <0.05 was considered statistically 

significant. Statistical analyses were per-

formed using the statistical software SPSS 

version 11.5 (SPSS Inc., Chicago, IL, USA). 
 

Results 
    The mean age of the participants was 57± 

8.1 years ranging from 41 to 73 years. Four 

https://en.wikipedia.org/wiki/Human_body_weight
https://en.wikipedia.org/wiki/Square_%28algebra%29
https://en.wikipedia.org/wiki/Human_height
https://en.wikipedia.org/wiki/Units_of_measurement
https://en.wikipedia.org/wiki/Kilogram
https://en.wikipedia.org/wiki/Metre
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hundred and fifteen (72.3%) were males and 

159(27.7%) were females. Regarding the 

educational levels percentages in the sample 

it was 176(30.7%), 117 (20.4%), 203 

(35.4%) and 78(13.6%) for illiterate, basic 

education, secondary education and high 

education respectively. One hundred and 

thirty four (23.3%) participant gave history 

of hypertension. One hundred and nine 

(19%) participants gave history of diabetes 

mellitus. Two hundred and seventeen 

(37.8%) participants were diagnosed with 

metabolic syndrome.   

  The participants were divided into two 

groups according to history of previous 

Schistosoma infection into a control group 

(n=305) and PSI (n=269) group, both groups 

were matched in age, sex and educational 

level. Patients with PSI had significant 

(P<0.05) lower history of diabetes (15.2% & 

22.3% respectively) and lower history of 

hypertension (21.9% & 24.6% respectively) 

without significant difference (P<0.05) when 

compared with control group. 

   There was significantly (P<0.05) lower 

BMI and WC in PSI group (29.7±6.19 & 

104.5±16.8 vs. 31.4±6.92 & 109±19.12 re-

spectively) compared with the control group. 

Individuals with PSI had highly significant 

(P<0.001) lower TG compared with control 

group (120.4±29.59 & 133±30.52 respec-

tively). FBG levels were lower in PSI group 

than in the control ones (105.8±23.1 & 

107.8±26.36 respectively) without signifi-

cance (P>0.05), and significantly higher 

(P<0.001) HDL-C (53±10.23 & 50.4±10.17 

respectively) compared with controls. Also, 

individuals with PSI had significant lower 

systolic and diastolic blood pressure 

(110.4±22.76 & 76.2±8.65 vs. 126.6±11.78 

& 78.1±7.47 respectively) compared with 

controls. Individuals with PSI had non-

significant (P >0.05) lower level of ALT and 

higher Hb. level (21.9±4.92 & 12.8±1.76 vs. 

22.3±5.16 & 12.5±1.47 respectively) com-

pared with controls.   

   The prevalence of metabolic syndrome 

was significantly (P> 0.05) lower in the PSI 

group compared with the control group 

(32.7% vs42.3% respectively). Logistic re-

gression analysis revealed statistically sig-

nificant relative risk reduction in MS in PSI 

when compared with control group (odds 

ratio [OR] = 0.633, 95% confidence interval 

[CI]: 0.472–0.933, P< 0001) and its compo-

nents including central obesity (OR= 1.728., 

95% CI: 1.255–2.378, P<005), hypertriglyc-

eridemia (OR=1.027, 95% CI:1.013-1.042 , 

P < 0001), low HDL-C (OR= 0.899, 95% 

CI: 0.861-0.940, P<0001), hypertension (OR 

= 1.054, 95% CI: 1.020-1.146, P<0001) and 

hyperglycaemia (OR=1.057, 95% CI: 1.037-

1.078, P=0001). More evaluation of the 

most associated components of the MS with 

each of both groups using forward binary 

logistic regression analysis showed that: in 

control group: the most associated compo-

nents were: female sex, reduced HDL, histo-

ry of hypertension and increased TG, WC 

and FBS. In PSI group: the most associated 

components were: history of hypertension 

reduced HDL and increased BMI, TG, dias-

tolic BP & FBS.  

   Details were given in tables (1, 2, 3, 4 & 

5).     

Table 1: Demographic criteria of different groups 
Groups  Control (n=305) With PSI (n=269) Total (n=574) P 

NO (%) NO (%) NO (%) 
 

0.928 
Sex : 

 

Male  221(72.5%) 194(72.1%) 415(72.3%) 

Female  84(27.5%) 75(27.9%) 159(27.7%) 

Education  Illiterate 94(30.8%) 82(30.5%) 176(30.7%) 

0.787 
Basic 62(20.3%) 55(20.4%) 117(20.4%) 

Secondary 109(35.7%) 94(34.9%) 203(35.4%) 

High 40(13.1%) 38(14.1%) 78(13.6%) 

History of Hypertension 75(24.6%) 59(21.9%) 134(23.3%) 0.453 

History of Diabetes mellitus 68(22.3%) 41(15.2%) 109(19%) 0.032 
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Table 2: Demographic and biochemical parameters of PSI and control  

 

 

Control (n=305) With PSI (n=269) 
P 

mean ±SD mean ±SD 

Age (years) 57.9± 9.34 56.7± 6.49 0.095 

Weight( Kgm) 79.5± 19.99 76.0± 18.61 0.28 

Height(cm) 158.7± 10.05 159.4± 10.32 0.373 

BMI (kg/m
2
) 31.4± 6.92 29.7± 6.19 0.002 

WC (cm) 109.0± 19.12 104.5± 16.80 0.003 

TG (mg/dl) 133.0± 30.52 120.4± 29.59 <0.001 

HDL (mg/dl) 50.4± 10.17 53.0± 10.23 0.002 

FBS (mg/dl) 107.8± 26.36 105.9± 23.10 0.352 

SBP (mmHg) 126.6± 11.78 110.4± 22.76 <0.001 

DBP (mmHg) 78.1± 7.47 76.2± 8.65 0.005 

Hb (gm/dl) 12.5± 1.47 12.8± 1.76 0.380 

ALT  22.3± 5.16 21.9± 4.92 0.339 

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure 

Table 3: Relation between MS and PSI 
 

Metabolic syndrome 

Groups P 

Control (n=305) PSI (n=269) Total (n=574) 

00.018 
No (%) No (%) No (%) 

No Metabolic syndrome 176(57.7%) 181(67.3%) 357(62.2%) 

Metabolic syndrome 129(42.3%) 88(32.7%) 217(37.8%) 
 

Table: 4: Relation between PSI and risk of MS 

 

MS and its components 

 

Odds ratio 

95.0% C.I.  

P Lower Upper 

Metabolic syndrome 0.663 0.472 0.933 0.002 

Central obesity 1.728 1.255 2.378 0.001 

Hypertriglyceridemia 1.027 1.013 1.042 0.000 

Low HDL- C 0.899 0.861 0.940 0.000 

Hypertension 1.054 1.020 1.146 0.000 

Hyperglycemia 1.057 1.037 1.078 0.000 
 

Discussion 
   The clinical trials showed that infection 

with Trichuris suis, Necator americanus, 

Hymenolepis diminuta were effective for the 

treatment of Cohn’s disease (Reddy and 

Fried, 2007; 2009; Melon et al, 2010). Also, 

the specific immune pathways, such as mod-

ified type-2 responses, induced by helmin-

thes were implicated in protective host re-

sponses to homoeostatic perturbations as 

metabolic dysfunction and atherosclerosis 

(von Moltke and Locksley, 2014). The pre-

sent study showed a significantly (P>0.02) 

lower prevalence of MS (32.7%) in the PSI 

group than that in the control group (42.3%).  

   Also, Chen et al. (2013) reported that the 

prevalence of metabolic syndrome was low-

er in the PSI patients than controls (35% and 

65% respectively). Another study found that 

the PSI significantly correlated with lower 

prevalence of the metabolic syndrome (Shen 

 et al, 2015). 

   The present study showed that the patients 

with PSI had significantly (P>0.02) higher 

HDL-C levels compared with the controls 

(53±10.2 & 50.4±10.1 respectively) and sig-

nificantly (P>0.001) lower the TG levels 

(120.4±29.59 & 133.0±30.52 respective-ly).  

Chen et al. (2013) reported that the long-

term effects of PSI were associated with re-

duced TG and increased HDL-C in Chinese 

patients. A study in rural Indonesia showed 

that intestinal helminthes were negatively 

associated with lipid levels (Wiria et al, 

2013). Another study also found significant-

ly (P<0.001) lower plasma lipid levels in 

children (7-13 years) infected with S. hae-

matobium compared with controls (Onuegbu 

et al, 2011). Dyslipidemia characterized by 

hypertrigly-ceridemia and low HDL-C was 

referred to an atherogenic dyslipidemia and 

frequently detected in patients with MS 
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Table 5: Most associated components of MS with each group
 

B Wald P OR 
95.0% C.I. for EXP(B) 

Lower Upper 
  

 C
o
n

tr
o
l 

G
ro

u
p
 

 Sex(Female) 2.119 22.820 <0.001 8.324 3.489 19.860 

 WC 0.036 12.905 <0.001 1.036 1.016 1.056 

 TG 0.029 25.777 <0.001 1.030 1.018 1.042 

 HDL 0.066 16.304 <0.001 0.936 0.907 0.967 

 HTN (Hypertensive) 1.838 26.218 <0.001 1.159 1.079 1.322 

 FBS 0.035 27.221 <0.001 1.036 1.022 1.050 

  
  

 P
S

I 
G

ro
u

p
 

 BMI 0.547 11.250 0.001 1.728 1.255 2.378 

 TG 0.027 14.833 <0.001 1.027 1.013 1.042 

 HDL 0.106 22.424 <0.001 0.899 0.861 0.940 

 HTN (hypertensive) 2.915 33.274 <0.001 1.054 1.020 1.146 

 DBP  0.065 6.922 0.009 1.067 1.017 1.119 

 FBS 0.055 31.062 <0.001 1.057 1.037 1.078 
  

. Dyslipidemia was recently identified as a 

residual cardiovascular risk factor (Miller, 

1998; Liberopoulos et al, 2005). Besides, 

dyslipidemia was found in systemic lupus 

erythematosus and rheumatoid arthritis 

(Sherer et al, 2010; Gonzalez-Gay and Gon-

zalez-Juanatey, 2012). Atherosclerosis is a 

chronic inflammatory and autoimmune dis-

ease, which were central to onset of the dis-

ease and progression (Ohashi et al, 2004; 

Mahmoudi et al, 2007). Moreover, plaque 

formation in atherosclerosis was considered 

to resemble the pathogenesis of other auto-

immune diseases (Hansson, 2005). The 

mouse immune system was found to pro-

duce a strong anti-inflammatory response to 

help suppress the progression of arterioscle-

rosis (Subra-manian et al, 2013). The mech-

anism might be due to the immunomodula-

tory role induced by S. mansoni eggs in sup-

pressing lipogenesis, and improving insulin 

sensitivity and glucose metabolism (Bharga-

va et al, 2012). Moreover, the S. mansoni-

soluble egg antigen (SEA) treatment induced 

the anti-inflammatory macrophages, attenu-

ates atherosclerosis development and inhib-

its plaque necrosis. 

   The study showed that age, sex, height, 

weight, education, history of hypertens-ion, 

Hb. level and serum level ALT did not sig-

nificantly differ (P<0.05) when compared 

the PSI and control groups.  

   In this study, the FBG level was insignifi-

cantly lower (P>0.05) in PSI than control 

(105.8±23.1 & 107.8±26.3 respectively).  

Chen  et al. (2013) reported  that  partici-

pants with PSI  had significantly lower lev-

els of fasting blood glucose, postprandial 

blood glucose, as well as a lower prevalence 

of diabetes (14.9% vs. 25.4%, P>0.001) 

compared with the control. A study in China 

also found significantly lower FBG level in 

participants with PSI compared with those 

without PSI (Shen et al, 2015).    

   Du et al. (2014) reported that schistosomi-

asis patients with severe liver damage had 

statistically significant increase in the inci-

dence of diabetes. It has been shown that S. 

mansoni soluble egg antigens can profound-

ly regulate the immune system of the infect-

ed host and to prevent type 1 diabetes in 

non-obese diabetic (NOD) mice. The sple-

nocytes from soluble egg antigen-treated 

mice have reduced ability to transfer diabe-

tes to NOD (Zaccone et al, 2003). Further 

studies showed a prolonged production of 

cytokines IL-10, IL-4, and interferon gamma 

(IFNγ), in schistosome egg-infected NOD 

mice. Previous studies have suggested that 

abnormal cytokine secretion participate in 

the pathophysiology of diabetes and its 

complications (Mooradian et al, 1991; Kung 

et al, 2010). Schistosome infection may af-

fect glucose metabolism through long-term 

effect on the T cell related cytokine secre-
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tion. Inflammation and altered innate im-

munity have also been implicated in the 

pathogenesis of diabetes through insulin re-

sistance (Wellen and Hotamisligil, 2005). 

Wu et al. (2011) had demonstrated elegantly 

that helminth induced adipose tissue eosino-

philia enhanced glucose tolerance and im-

proved insulin resistance in mice fed with a 

high fat diet. Moreover, although the para-

site was cleared after 8 days, metabolic re-

sponse was sustained. 

   In the present study, logistic regression 

analysis revealed statistically significant rel-

ative risk reduction in MS in PSI incl-uded 

central obesity, hypertriglyceridemia, low 

HDL-C, hypertension and hyperglycaemia 

when compared with control group. This 

finding was somewhat consistent with the 

cross sectional study conducted in Jiading, a 

suburban of Shanghai, China, which report-

ed that PSI correlated to a low prevalence of 

diabetes & MS (Chen et al, 2013).  Shen et 

al. (2015) reported that logistic regression 

analysis revealed significant negative asso-

ciations between PSI & MS and its compo-

nents. 

Conclusion 
   The outcome data showed a protective ef-

fect of PSI against metabolic syndrome. This 

may be reconsidered in terms of therapeutic 

strategies, particularly in the design of vac-

cines and vaccine trials of schistosome for 

the treatment of metabolic diseases. Exten-

sive study is ongoing to confirm this out-

come result. 
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