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The impact of metabolic syndrome in type 2 diabetic patients
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ABSTRACT

Objective: To evaluate the impact of metabolic syndrome in patients with type 2 diabetes in Basrah, Iraq. Design:
A prospective clinical study. Setting: Al-Mawani General Hospital, Basrah, Iraq. Method: One hundred-ten patients
with type 2 diabetes were included. They were 41 males and 69 females. In addition, 108 control subjects were also
included. They were 58 males and 50 females. Measurement of height, weight, waist circumference, blood pressure,
fasting blood glucose, triglycerides and high density lipoprotein-cholesterol levels were carried out. The updated US
National Cholesterol Education Program Adult Treatment Panel III (Updated NCEP ATP III) definition was used for
the diagnosis of the metabolic syndrome. Result: The frequencies of the metabolic syndrome were significantly higher
in type 2 diabetes male and female patients (75.6% and 94.2% respectively) compared to male and female controls
(8.6% and 8.0% respectively), (P<0.001). The major determinants for the metabolic syndrome in male patients with
the metabolic syndrome were, blood pressure (P<0.01), high density lipoprotein-cholesterol (P<0.01) and waist
circumference (P<0.05). In female patients with the metabolic syndrome, the major metabolic syndrome determinants
were waist circumference, triglycerides and high density lipoprotein-cholesterol (P<0.05). Conclusion: Patients with
type 2 diabetes have a considerably high frequency of the metabolic syndrome. Hence, they are at a greater risk of

atherosclerotic disease and its adverse clinical consequences. (MJBU,30,2: 2012, Page 85-90)
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INTRODUCTION

he prevalence of type 2 diabetes (T2D)

has tripled in the last 30 years.!"!

Currently, T2D afflicts more than 20
million people in the United States.[) Although
T2D is a heterogeneous disease, most patients
with T2D have insulin resistance and the
metabolic syndrome before the onset of T2D.F!
In fact, insulin resistance, hyperinsulinemia,
dyslipidemia, and obesity precede the
progression to T2D in 75% to 85% of
patients."! The presence of the metabolic
syndrome increases the risk and is highly
predictive of new onset T2D."! The metabolic
syndrome (syndrome X), also called "insulin
resistance syndrome" is a cluster of disorders
including  central  obesity, atherogenic
dyslipidaemia, hypertension, impaired glucose
tolerance as well as thrombotic and
proinflammatory states.®®! That collection of
diseases is associated with an increased risk of
development of atherosclerosis, T2D and
cardiovascular disease, thrombotic events and
all-cause mortality.!%*? |t affects one in five
people, and prevalence increases with age.
Some studies estimate the prevalence of the
metabolic syndrome in the United States to be
up to 25% of the population.*®¥ It has been
observed that the risk for incident T2D is up to
5 fold higher in individuals with the metabolic
syndrome compared with those without the
syndrome.'  The presence of both the
metabolic syndrome and insulin resistance has
an additive effect, as these patients exhibit a 6-7
fold an increased risk for T2D.® This study
was an attempt to evaluate the association
between T2D and the metabolic syndrome and
to evaluate the impact of the metabolic
syndrome in T2D patients.

PATIENTS AND METHODS

This is a prospective clinical study, conducted
from April 2009 throughout October 2011. It
included 110 patients with T2D, 41 males and
69 females, 33-80 years of age, attending
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Diabetes Centre at Al-Mawani General
Hospital, Basrah, Irag. In addition, 108
apparently healthy subjects, 58 males and 50
females, 32-70 years of age were included as a
control group. Height, weight, and waist
circumference (WC), systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were
measured in patients and controls. The updated
US National Cholesterol Education Program
Adult Treatment Panel 111 (Updated NCEP ATP
[11) definition was used for the diagnosis of the
metabolic syndrome.l"*® Blood samples were
collected in a fasting state and used for the
estimation of fasting blood glucose (FBG) level
and lipid parameters. FBG, triglycerides (TG)
and high density lipoprotein-cholesterol (HDL-
C) levels were estimated by enzymatic methods
using kits from (Biocon for FBG, and Human
for both TG and HDL-C). Statistical analysis
was performed using SPSS program (version
16). The statistical differences was established
by using the student’s and Chi-square (X?) tests.
P<0.05 was considered to be statistically
significant.

RESULTS

Table-1, presents the physiological and
biochemical characteristics of T2D patients and
controls. Among males, SBP (P<0.05), DBP
(P<0.001), and FBG (P<0.001) were
significantly higher among patients compared to
controls. In females, Also, SBP (P<0.05), DBP
(P<0.01), and FBG (P<0.001) were significantly
higher among patients compared to controls. On
the other hand, WC showed no significant
differences among diabetic patients and controls
(P>0.05). As shown in (Table-2), the
frequencies of the metabolic syndrome were
significantly higher in male and female patients
with T2D (75.6% and 94.2% respectively) in
comparison to male and female control subjects
(8.6% and 8.0% respectively), (P<0.001).
Table-3 presents the criteria of the metabolic
syndrome in males. It demonstrated that, apart


http://en.wikipedia.org/wiki/Prevalence

from FBG, the significant metabolic syndrome
determinants in T2D patients were BP (77.4%,
P<0.01), HDL-C (48.4%, P<0.01) WC (64.5%,
P<0.05). However, no significant differences
shown with regard to TG (P>0.05). The criteria
of the metabolic syndrome in women are

Table 1. Characteristics of T2D patients and control subjects

MIJBU, VOL 30, No.2, 2012

presented in (Table-4). Apart from FBG, the
significant metabolic syndrome determinants in
T2D patients were WC (95.4%, P<0.05), TG
(84.6%, P<0.05) and HDL-C (70.8%, P<0.05).
On the other hand, no significant differences
shown with regard to BP ( P>0.05).

T2D Controls T2D Controls
Parameter (Males) (Males) (Females) (Females)
n=41 n=58 n=69 n=50

Age (year) 56.3 (9.8) 45.0 (10.1) 51.2(10.2) 43.6(9.8)
WC (cm) 103.8 (10.7) 103.1(9.9) 105.6(12.5) 102.2(13.1)
SBP (mm.Hg) 132.4 (18.1)* 125.4 (13.4) 129.6(20.4)* 122.7(10.6)
DBP (mm.Hg) 84.2 (13.5)*** 74.7 (9.2) 79.1(13.5)** 71.9(10.1)

FBG (mg/dl) 179.0 (57.8)*** 88.4 (10.0) 192.0(73.0)*** 88.8(7.4)

Values are given in mean( SD).

*: P<0.05, **: P<0.01,***: P <0.001 (T2D patients vs controls)

Table 2. The frequency of the metabolic syndrome among T2D patients and control subjects.

Metabolic syndrome status T2D patients Controls

No. % No. %
» Present 31 75.6%** 5 8.6
= Absent 10 244 53 91.4
= Total 41 100.0 58 100.0
8 Present 65 94 2%** 4 8.0
g Absent 4 5.8 46 92.0
e Total 69 100.0 50 100.0

***: P <0.001 (T2D patients vs controls)

Table 3. Metabolic syndrome criteria among males

Metabolic syndrome | T2D patients with | T2D patients without Controls with Controls without
criteria MS (n=31) MS (n=10) MS (n=5) MS (n=53)

No. % No. % No. % No. %
BP>130/85mm.Hg 24 ** 77.4 1 10.0 5*** 100.0 4 7.5
WC >102cm 20* 64.5 1 10.0 5 100.0 23 434
FBG > 100mg/dl 31 100.0 10 100.0 0 0.0 2 3.8
TG >150mg/dl 27 87.1 6 60.0 3 60.0 12 22.6
HDL < 40mg/dl 15%* 48.4 0 0.0 2%*%*  40.0 0 0.0

*: P<0.05, **:P<0.01 (Patients with MS vs patients without MS)
*** :P<0.01 (Controls with MS vs controls without MS)
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Table 4. Metabolic syndrome criteria among females

Metabolic T2D patientswith MS | T2D patients without Controls with Controls without

syndrome criteria (n=65) MS (n=4) MS (n=4) MS (n=46)
No. % No. % No. % No. %

BP>130/85mm.Hg 46 70.8 2 50.0 4*** 100.0 1 2.2
WC = 88cm 62* 95.4 2 50.0 4 100.0 40 87.0
FBG >100mg/dl 65 100.0 4 100.0 0 0.0 0 0.0
TG >150mg/dl 55* 84.6 1 25.0 4** 100.0 9 19.6
HDL < 40mg/dI 46* 70.8 0 0.0 0 0.0 5 10.9

*: P<0.05 (Patients with MS vs patients without MS)

**: P<0.01, ***: P<0.001 (Controls with MS vs controls without MS)

DISCUSSION

Diabetes is the most significant metabolic
disease as it leads to a broad spectrum of
microvascular and macrovascular complications
including end-stage vascular disease,
cardiovascular damage and  retinopathy.
Consequently, a large burden is imposed on the
national health system of countries all over the
world.') T2D, which accounts for 90 per cent
of all diabetes, has become one of the major
causes of premature morbidity and mortality,
mainly via the increased risk of cardiovascular
disease which is responsible for up to 80 per
cent of these deaths.!*® The clinical significance
of the metabolic syndrome arises from its
association with T2D and cardiovascular
disease.l'’] Metabolic syndrome in people with
T2D, appear to confer a substantial additional
health risks particularly cardiovascular risk over
and above the sum of the risk associated with
each single abnormality.*®) The present study
revealed a remarkably higher frequency of the
metabolic syndrome among T2D patients in
either sex in comparison to their respective
controls. Among diabetics, the frequency of the
metabolic syndrome was even more higher
among females than males. This could be
explained by increased prevalence of obesity in
women as a result of several cultural and social
factors such us multiple pregnancies, high
unemployment, over eating and physical
inactivity.”%?) These results are in agreement
with the observation of others.”®! The higher
frequency of the metabolic syndrome in T2D
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patients reported in this study could be, at least
partly, also attributed to stressful factors to
which our patients are exposed to. Chronic
psychosocial stress may lead to chronic excess
cortisol, which in turn may play a role in the
pathogenesis of the metabolic syndrome.?® The
present study demonstrated that the major
metabolic syndrome determinants in T2D
patients were BP, HDL-C and WC in males, and
WC, TG and in females HDL-C respectively.
Central obesity measured by WC was found by
the present study to be a major determinant for
the development of the metabolic syndrome
among diabetic male and female patients. This
could be due to sedentary life style and lack of
physical activity. ¥ This is in agreement with
other studies.”*?! It has been found that, among
the five components of the ATP Il criteria,
waist circumference was the single most
common parameter to likely meet the metabolic
syndrome criteria.”® Similarly, a low HDL-C
level is also found to be a significant metabolic
syndrome determinant in diabetic patients in
either sex. Reduced HDL-C is a major
independent cardiovascular risk factor of
atherogenic dyslipidaemia, as HDL-C protects
against an increase in TG or LDL-C levels.%3!
The same finding was observed by others.[?*%
An elevated BP level was a significant
metabolic syndrome determinant in T2D male
patients, however it was non-significantly
elevated among female patients. The insulin
resistance can directly affect vascular signaling,
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eventually leading to proliferation of smooth
muscle cells in the vessel wall and increased
rates of intimal expansion and eventually a high
BP.B? This is in agreement with others.? In
addition, obese people tend to have an elevated
BP compared with lean people.l! An elevated
TG level was a significant determinant of the
metabolic syndrome in diabetic female patients,
however it was non-significantly higher among
male patients with the metabolic syndrome. This
observation is similar to that of others.[?*?! The
high TG level in association with the metabolic
syndrome could due to the presence of insulin
resistance. Lipolysis in adipocytes is enhanced,
plasma concentrations of free fatty are
transported to liver and muscle. In the liver,
some are oxidized, and most are re-esterified to
form TG. At the same time, insulin drives
lipogenesis in the liver directly. Elevated plasma
glucose concentrations may also increase hepatic
TG synthesis by providing the carbon skeleton
for glycerol.B¥! Furthermore, LDL particles
occurs in association with the metabolic
syndrome and atherogenic dyslipidaemia tend
to be small and dense 6. and are more
atherogenic.*3¥ It has been suggested that non-
diabetic persons with the metabolic syndrome
are at a substantial risk for the development of
T2D. The risk of T2D is up to 5 fold higher in
patients with the metabolic syndrome.®! In
addition, the greatest impact of T2D is the 2-4
times greater risk of coronary heart disease and
cerebrovascular disease.*®!  Furthermore, the
more components of the metabolic syndrome
that are accumulated, the higher is the
cardiovascular mortality rate.®® We conclude
that patients with T2D have a distinctly high
frequency of the metabolic syndrome. Thus, they
are at a considerably risk of atherosclerotic
cardiovascular disease and cerebrovascular
disease, and their clinical complications.

ACKNOWLEDGEMENTS
We are deeply grateful to Dr. Amani N. Mohamed,
Department of Biochemistry, College of Medicine,

University of Basrah for her kindful assistance
throughout the study.

REFERENCES

1. Volek JS, Feinman RD. Carbohydrate restriction
improves the features of Metabolic Syndrome.
Metabolic Syndrome may be defined by the response
to carbohydrate restriction. Nutr Metab 2005; 16; 2:31.

2. Prevention CfDCa National Diabetes Fact Sheet:
General information and national estimates on
diabetes in the United States. In: Health and Human
Services CfDCa ed, 2005.

3. Reaven GM. Insulin resistance, the insulin resistance
syndrome, and cardiovascular disease. Panminerva
Med 2005; 47:201-210.

4. Lebovitz HE. Type 2 diabetes: an overview. Clin
Chem 1999; 45:1339-1345.

5. Laaksonen DE, Lakka HM, Niskanen LK, Kaplan
GA, Salonen JT, Lakka TA. Metabolic syndrome and
development of diabetes mellitus: application and
validation ofrecently suggested definitions of the
metabolic syndrome in a prospective cohort study.
Am J Epidemiol 2002; 156:1070-1077.

6. Grundy SM. Obesity, metabolic syndrome, and
cardiovascular disease. J Clin Endocrinol Metab
2004; 89: 2595-2600.

7. Grundy SM, Brewer HB, Cleeman JI, et al. Definition
of metabolic syndrome: Report of the national heart,
lung, and blood institute/American heart association
conference on scientific issues related to definition.
Circulation 2004; 109: 433-438.

B, Duleba A], Rz,

Pawelczyk L. Lipids in polycystic ovary syndrome;

8. Banaszewska Spaczynski
Role of hyperinsulinemia and effects of metformin.
Am ] Obstet Gynaecol 2006; 194: 1266-1272.

9. Carroll S, Dudfield M. What is the relationship
between exercise and metabolic abnormalities? A
review of the metabolic syndrome. Sport Med 2004;
34: 371-418.

10. Lakka H, Laaksonen DE, Lakka TA, Niskanen LK,
Kumpusalo E, Tuomilehto J, et al. The metabolic
syndrome and total and cardiovascular disease
mortality in middle-aged men. JAMA 2002; 288: 2709-
2716.

11. Meigs JB. Metabolic syndrome: In search of a clinical
role. Diabetes Care 2004; 27: 2761-2763.

12. Hoerger TJ, Ahmann AJ. The impact of diabetes and
associated cardiometabolic risk factors on
members: strategies for optimizing outcomes. J
Manag Care Pharm 2008; 14( Suppl C): S2-S14.

13. Ford ES, Giles WH, Dietz WH. Prevalence of
metabolic syndrome among US adults: findings from
the third National Health and Nutrition Examination
Survey. JAMA 2002; 287: 356-359.

14. Ford ES, Li C, Sattar N. Metabolic Syndrome and
Incident Diabetes: Current state of the evidence.
Diabetes Care 2008; 31: 1898-1904.

89


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoerger%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahmann%20AJ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Manag%20Care%20Pharm.');
javascript:AL_get(this,%20'jour',%20'J%20Manag%20Care%20Pharm.');

MIJBU, VOL 30, No.2, 2012

15. Meigs ]JB, Rutter MK, Sullivan LM. Impact of
insulin resistance on risk of type 2 diabetes and
cardiovascular disease in people with metabolic
syndrome. Diabetes Care 2007; 30:1219-1225.

16. Third Report of The National Cholesterol Education
Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol In Adults (Adult Treatment Panel III)
Final Report. Circulation 2002;106:3143-3421.

17. Liese AD, Ayer M, Davis EJ, Hoffner GM.
Development of Multiple Metabolic Syndrome. An
Epidemiological Perspective 1998; 20: 157-172.

18. UKPDS Group. UK Prospective Diabetes Study 17:
A nine-year update of a randomized, controlled trial
on the effect of improved metabolic control on
complications in non-insulin dependent diabetes
mellitus. Ann Intern Med. 1996; 124:136-145.

19. Sattar N, Gaw A, Scherbakova O. Metabolic
syndrome with and without C-reactive protein as a
predictor of coronary heart disease and diabetes in
the West of Scotland Coronary Prevention Study.
Circulation 2003;108: 414-419.

20. Cornier MA, Dabelea D, Hernandez TL, Lindstrom
RC, Steig AJ, Stob NR, et al. The Metabolic
Syndrome. Endocrine Reviews 2008; 29:777-822.

21. Abdul-Rahim HF, Husseini A, Giacaman R, Jervell ],
Bjertness E. Obesity in a rural and urban Palestinian
West Bank population. International Journal of
Obesity 2003; 27:140-146.

22. Kozan O, Oguz A, Abaci A, Erol C, Ongen Z,
Temizhan A, et al. Prevalence of the metabolic
syndrome among Turkish adults. Eur J Clin Nutr
2007; 61:548-553.

23. Al-Lawati JA, Mohammed AJ, Al-Hinai HQ,
Jousilahti P. Prevalence of the metabolic syndrome
among Omani adults. Diabetes Care 2003; 26:1781-
1785.

24. Kalk W]J, Joffe BI. The Metabolic Syndrome, Insulin
Resistance, and Its Surrogates in African and White
Subjects with Type 2 Diabetes in South Africa.
Metabolic Syndrome and Related Disorders 2008; 6:
247-255.

25. Juda TM, Tareq HT, Al-Shouk M. Metabolic
Syndrome among Type 2 Diabetic patients in Babel
Governorate. Medical Journal of Babylon 2010; 7:
344-351.

26. Rosmond R. Role of stress in the pathogenesis of the
metabolic syndrome. Psychoneuro-endocrinology
2005; 30:1-10.

27. Pi-Sunyer FX. Type 2 diabetes outcomes. Obesity
Research 2002; 10: 6S-22S.

28. Dhanaraj E, Bhansali A, Jaggi S, Predictors of
metabolic syndrome in Asian North Indians with
newly detected type 2 diabetes, Indian J Med 2009;
129:506-514.

90

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Meis SB, Schuster D, Gaillard T, et al. Metabolic
syndrome in nondiabetic, obese, first-degree
relatives of African American patients with type2
diabetes: African American triglycerides-HDL-C and
insulin resistance paradox. Ethn Dis 2006; 16: 830-
836.

Kannel WB. High-density lipoproteins:
epidemiologic profile and risks of coronary artery
disease. Am J Cardiol 1983, 52:9b-12b.

iccoli R, Bianchi C, Odoguardi L, Penno G, Caricato
F, Giovannitti MG, et al. Prevalence of the metabolic
syndrome among Italian adults according to ATP III
definition. Nutr Metab Cardivasc Dis 2005; 15: 250-
254.

DeFronzo RA, Ferrannini E. Insulin resistance.
Amultifaceted syndrome responsible for NIDDM,
obesity, hypertension, dyslipidemia, and
atherosclerotic cardiovascular disease. Diabetes Care.
1991;14:173-194.

Miranda PJ, DeFronzo RA, Califf, RM. Metabolic
syndrome: Definition, pathophysiology, and
mechanisms. Am Heart J 2005; 149:33-45.

Krauss RM. Dense low density lipoproteins and
coronary artery disease. Am J Cardiol 1995; 75: 53B-
57B.

Sobenin IA, Tertov VV, Orekhov AN. Atherogenic
modified LDL in diabetes. Diabetes 1996; 45 (Suppl
3): 35-39.

Lamarche B, Techernof A, Mauriege P, et al. Fasting
insulin and apolipoprotein B levels and low-density
lipoprotein particle size as risk factors for ischaemic
heart disease. JAMA 1998; 279: 1955-1961.

Stern M, Williams K, Gonzalez-Villapando C, Hunt
KJ, Haffner SM. Does the metabolic syndrome
improve identification of individuals at risk of type 2
diabetes and/or cardiovascular disease. Diabetes Care
2004; 27: 2676-2681.

Nakagami T. Hyperglycaemia and mortality from all
causes and from cardiovascular disease in five
populations of Asian origin. Diabetologia 2004; 47:
385-394.

Hu G, Qiao Q, Tuomilehto J, Balkau B, Borch-
Johnsen K, Pyorala K, et al. for the DECODE Study
Group. Prevalence of the metabolic syndrome and its
relation to all-cause and cardiovascular mortality in
nondiabetic European men and women. Arch Intern
Med 2004; 164:1066-1076.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meis%20SB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuster%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gaillard%20T%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Ethn%20Dis.');

