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Abstract   

Introduction-The relation between hematologic variables and insulin resistance has been reported 
previously; however, there is still debate about the correlation between hematologic variables 
and the metabolic syndrome (MetS). This study aimed to evaluate the relationship between 
MetS and white blood cells (WBC) and red blood cells (RBC). 

Method and Material-This cross-sectional study recruited 11974 participants over 19 years old who 
participated in the Isfahan Healthy Heart Program (IHHP) in Najafabad and Arak, Isfahan. 
Participants were selected using multi-stage random sampling. A questionnaire about 
demographic variables, including age, sex, and past medical history, was filled for each 
participant by a trained nurse, and the participants’ blood pressure, height, weight, waist 
circumference, and other anthropometric variables were recorded by physicians using standard 
methods. After 12 hours fasting, laboratory parameters, including RBC, WBC, hemoglobin (Hb), 
and hematocrit, (Hct) together with such biochemical variables as glucose, triglyceride (TG), and 
HDL-cholesterol were measured. MetS was defined according to the ATP-III criteria. The data 
were entered in SPSS-11 and analyzed using the t-test and correlation analysis. 

Result-From the 11974 participants, 6132 (51%) were female. Mean age was 35.6±3.8 years in the 
females and 35.9±32 years in the males. In general, 23.1% of the subjects had MetS: 35% in the 
females and 10.6% in the males (p<0.05). WBC and RBC were higher in the subjects with Mets. 
Regarding the correlation between the hematologic variables and the MetS components, the 
most significant correlations were seen between TG and WBC (r: 0.195, p<0.001) and HDL-C and 
RBC (r: -0.245, p<0.001). 

Conclusion- According to our findings, high counts of RBC and WBC were observed in those with MetS. 
The predictive use of these parameters needs further longitudinal studies(Iranian Heart Journal 
2011; 12 (3):40-46). 
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he metabolic syndrome (MetS), a cluster of 
cardiovascular risk factors, including 
obesity, impaired glucose tolerance, 

decreased serum high-density lipoprotein 
cholesterol (HDL), and increased triglyceride 
(TG), is prevalent worldwide.1-3  

MetS is estimated to affect 42% of Iranian 
women and 24% of Iranian men [4], 20% of 
adults in the US, 50% of Canadians, and 13.1% 
of Eskimos.5-8 MetS has been associated with 
increased risk of cardiovascular disease in a 
large number of  studies and is considered a key 
target in secondary prevention efforts.8  

Some studies have described an association 
between leukocyte and erythrocyte counts and 
insulin tolerance.9-13– a key component of 
MetS.1,2-6 Some epidemiological studies have 
associated increased serum lipid levels and/or 
hypertension with leukocyte and erythrocyte 
counts.14-17 A small amount of data from China 
and Taiwan has also demonstrated a significant 
association between MetS and increased blood 
cell counts.18 According to another study, the 
overall prevalence of MetS in central Iran is 
21.9% .19  

Given that leukocyte and erythrocyte count can 
have inflammatory roles, we sought to assess the 
association between leukocyte and erythrocyte 
counts and MetS components in the central part 
of Iran. 

Materials and methods 

This study recruited 12600 individuals aged over 
19 years in the three Iranian cities of Isfahan, 
Najafabad, and Arak. Complete data were 
available in 11974 individuals aged 19 years.  

The study was conducted over a one-year period, 
as part of the Isfahan Healthy Heart Program 

(IHHP), an interventional program for 
cardiovascular diseases prevention and health 
promotion, which lasted 5 years. Isfahan and 
Najafabad were cities of intervention and Arak 
served as control. Details of the IHHP have been 
extensively published previously.20,21 Multi-stage 
sampling method was used. Based on the 
Isfahan-to-Najafabad population ratio of 70/30, 
we selected 4410 subjects from Isfahan and 1890 
from Najafabad (sample size: 6300). The urban-
to-rural population ratio in Isfahan, Najafabad, 
and Arak was 90/10, 60/40, and 67/33, 
respectively; hence, 3996 (90%) of the subjects in 
Isfahan were chosen from the city’s urban areas 
and 441 (10%) from its villages. In Najafabad, we 
selected 1134 (60%) individuals from urban areas 
and 756 (40%) from rural areas. In Arak, 4221 
(67%) individuals were chosen from urban areas 
and 2074 (33%) from villages.  

Sampling was facilitated by the use of a clustered 
list of households compiled in 1993 for a 
nationwide polio immunization program. Fifteen 
random clusters were selected. The polio 
program clusters were of equal size, hence our 
clusters were also equal. In Isfahan, we used 
household health records kept at health centers 
to select samples from rural areas. In total, we 
selected 8 villages as clusters. These villages had 
different populations; therefore, the samples 
were selected in proportion to the number of 
households in every village. Equal numbers of 
men and women were selected, reflecting sex 
distribution in the population at the time of the 
study. 

In Najafabad, urban and rural samples were 
selected from 7 urban and 7 rural health and 
treatment centers according to age distribution 
and size of the population in each cluster. In Arak, 
we used the list of households from the polio 
immunization program to select the required 
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samples from 10 urban clusters; rural samples 
were selected in 6 age groups from 13 villages, 
taking into account the population of every 
village and each age group. Initially, trained 
personnel conducted home interviews and 
obtained demographic information, including 
age, sex, and past medical and drug history using 
questionnaires. The subjects were then asked to 
attend a pre-designated health center after 12-
14-hours of fasting. Trained general physicians 
measured height, weight, waist circumference, 
and hip circumference of lightly dressed subjects 
under standard conditions using a Seca 220 scale. 
Using a Diplomat Riester 0124CE standard 
sphygmomanometer, blood pressure was 
measured and recorded on both arms after 5 
minutes of rest in sitting position. If the 
difference of readings exceeded 10 mmHg, the 
higher of the two readings would be recorded.19 
Blood samples were taken to measure HDL-C, TG, 
and fasting plasma glucose (FPG) using Pars 
Azmoon laboratory kits and an ELAN 2000 
autoanalyzer. FPG was measured using the 
glucose oxidase method.  

Leukocyte and erythrocyte counts were 
measured using a cell counter. All the samples 
were sent to the reference laboratory of Isfahan 
Cardiovascular Research Center, which is quality 
controlled by the Leuvin university laboratory in 
Belgium.  

The US National Cholesterol Education Program 
Adult Treatment Panel III (NCEP) definition of 
MetS was used in their study. It consists of the 
following [9]:  

1. Raised blood pressure: systolic BP ≥ 130 or 
diastolic BP ≥85 mm Hg 

2. Raised triglycerides: ≥ 150 mg/dL  

3. Reduced HDL cholesterol: < 40 mg/dL (1.03 
mmol/L) in males, < 50 mg/dL (1.29 mmol/L) in 
females 

4. Raised fasting plasma glucose :(FPG) ≥100 
mg/dL  

5. Central obesity: waist circumference ≥ 102 cm 
(male) or  ≥ 88 cm (female) 

Based on the components of MetS, we divided 
our study population into four groups: Group I 
met none of the above criteria, whereas groups 
II, III, and IV met 1, 2 and 3-5 criteria, 
respectively.  

Patients with conditions that could alter blood 
cell counts such as renal, hepatic and pulmonary 
disease, infections and/or cancers, as well as 
those with leukocyte counts above 15000/ml or 
lower than 4000/ml and/or hemoglobin 
concentration greater than 16 g/dl and lower 
than 9 g/dl were excluded from the study.23  

Statistical analysis: Data were processed in SPSS-
11. We used the independent t-test to assess 
mean leukocyte and erythrocyte counts 
according to the MetS components. We used the 
Spearman correlation test to assess any 
relationship between leukocyte and erythrocyte 
counts and the MetS components. P values less 
than 0.05 were considered statistically significant.  

Results 

We studied 11974 individuals: 6132 women 
(51%) and 5842 men (49%) with mean ages of 
35.6±3.8 years and 35.7±3.2 years, respectively. 
MetS was diagnosed in 35% of the women and 
10.6% of the men, with an overall prevalence of 
23.1%. 

Table I shows the prevalence of each of the MetS 
components according to age group and sex. 
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Hypertriglyceridemia and low HDL-C were the 
most common forms of dyslipidemia in the men 
and women, respectively. The prevalence of the 

MetS components increased in both sexes with 
age.  

 

Table I. Percentage of MetS components according to age and sex. 

 

Age (years) Number 
Hypertension 
Number (%) 

Increased waist 
circumference  

Number (%) 

Increased FBS 
Number (%) 

Hypertriglyceride
mia 

Number (%) 

Decreased HDL 
Number (%) 

Men 

19-24years 220 13(5.7) 4(1.8) 1(0.4) 55(25.1) 80(36.2) 

25-34 years 1742 110(6.3) 70(4.0) 12(0.7) 620(35.6) 599(34.4) 

35-44 years 1483 132(8.8) 129(8.7) 38(2.6) 789(53.2) 566(38.2) 

45-54 years 996 180(18.1) 179(18.0) 57(5.7) 623(62.6) 370(37.1) 

55-64 years 624 194(30.9) 159(25.5) 72(11.5) 376(60.3) 206(33.1) 

65<years 777 370(47.5) 161(20.7) 113(14.5) 405(52.2) 242(31.2) 

Total 5842 999(17.1) 707(12.1) 293(5.0) 2868(49.1) 2063(35.3) 

Women  

19-24years 176 5(2.7) 117(66.5) 1(0.6) 35(19.7) 81(45.9) 

25-34 years 1716 77(4.5) 1073(62.6) 12(0.7) 419(24.4) 1007(58.7) 

35-44 years 1755 149(8.5) 1130(64.4) 58(3.3) 681(38.8) 1381(78.7) 

45-54 years 1103 259(23.5) 692(62.8) 94(8.5) 601(54.6) 955(86.6) 

55-64 years 624 246(39.3) 305(57.0) 80(12.9) 417(66.8) 552(88.4) 

65<years 758 385(50.8) 430(56.0) 130(17.3) 509(67.2) 666(87.9) 

Total 6132 1121(18.3) 3797(61.9) 375(6.1) 2662(43.4) 2642(75.7) 

 

 

 

Table II shows the mean leukocyte and 
erythrocyte counts according to the MetS 
components. It can be seen that mean 

leukocyte/erythrocyte counts are significantly 
higher in the subjects with blood pressure 
≥130/85 mm Hg, FPG ≥110 mg/dL, waist 
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circumference >102 cm (male), 88 cm (female), 
triglyceride ≥ 150 mg/dL, and HDL-C <40 mg/dL 

(male), 50 mg/dL (female) (p<0.05). 

 

Table II. Mean and standard deviation of leukocyte and erythrocyte counts according to MetS component 

 
Mean leukocyte count (per 

ml) 
P 

Mean erythrocyte count 
(per ml) 

P 

Increased 6973±1517 4.97×106 ±0.65×106 
Blood 

pressure 
Normal 6170±1442 

<0.01 
4.73×106 ±0.59×106 

<0.01 

Increased 7068±1254 4.84×106 ±0.51×106 
FBS 

Normal 6607±1852 
<0.01 

4.63×106 ±0.52×106 
<0.01 

Increased 6735±1454 4.82×106 ±0.55×106 
Waist-to-
hip ratio 

Normal 6324±1618 
<0.01 

4.61×106 ±0.56×106 
<0.01 

Increased 6911±1437 4.93×106 ±0.54×106 
TG 

Normal 6591±1045 
<0.01 

4.74×106 ±0.56×106 
<0.01 

Increased 7091±1987 4.86×106 ±0.73×106 
HDL-C 

Normal 6608±1942 
<0.01 

4.62×106 ±0.55×106 
<0.01 

 

Values are based on NCEP criteria the MetS syndrome Table III shows the results of the correlation analysis 
via the Spearman test. The leukocyte and erythrocyte counts were found to correlate significantly with TG, 
FPG, central obesity, and HDL, but not with systolic/diastolic blood pressure (p<0.05). The strongest 
correlations were seen between erythrocyte counts and HDL and between leukocyte counts and TG 

Table III. Correlation between leukocyte and erythrocyte counts and the MetS component 

Leukocyte Erythrocyte 

Variable 
Correlation 

coefficient (r) 
P 

Correlation 
coefficient (r) 

P 

Waist circumference 0.149 <0.001 0.218 <0.001 

Systolic blood pressure 0.017 NS 0.017 NS 

Diastolic blood pressure 0.008 NS 0.008 NS 

FBS 0.078 <0.001 0.084 <0.001 

TG 0.195 <0.001 0.168 <0.001 

HDL-C -0.184 <0.001 -0.245 <0.001 
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NS: No significant difference 

Discussion 

 

We found a significant correlation between 
leukocyte and erythrocyte counts and all of the 
MetS components, except hypertension. The 
prevalence of MetS in our study population was 
35% in the women and 10.6% in the men. The 
prevalence of MetS increased with age. Also, the 
presence of any of the MetS components (except 
for hypertension) was accompanied by a 
significant rise in leukocyte and erythrocyte 
counts. 

One study5 found that the prevalence of MetS 
increased with age in Asia, Europe, Africa, and 
the Americas: MetS was found to be more 
prevalent in women. However, the relationship 
between MetS and hematological indicators has 
been scarcely addressed in the literature. 

A study23 found that the Taiwanese with 
increased erythrocyte and leukocyte counts were 
at higher risk of having MetS by 2 and 3 folds, 
respectively. Similar to our study, the authors of 
the latter study reported a significant correlation 
between all the MetS components (except 
hypertension) and leukocyte and erythrocyte 
counts. It must be noted however, that the 
prevalence of MetS in Taiwan is 9% in men and 
5% in women, which is considerably lower than 
that reported  in our study population23 Studies 
have revealed isolated findings on the association 
between hematological indicators and some 
cardiovascular risk factors. However, as MetS 
consists of a constellation of risk factors, isolated 
findings are unable to establish a clear cut link 
between MetS and hematological indicators. 

The increase in leukocyte and erythrocyte counts 
in MetS has been attributed to hyperinsulinemia 

and insulin resistance.25 It is postulated that 
increased serum insulin increases immune system 
activity and increases inflammatory markers such 
as Tumour Necrosis Factor-A and Interleukin 6, 
leading to increased leukocyte counts.25-27   

It has been posited by some authors that 
increased serum cortisol in MetS may be the 
cause of the associated rise in leukocytes counts 
too.28 Some laboratory studies have 
demonstrated that increased serum insulin 
stimulates the bone marrow, resulting in the 
expansion of the erythroid cell line and the 
pursuant increase in erythrocyte numbers29; 
clinical studies have yet to confirm these findings.  

Conclusion 

Larger-scale studies on the association between 
MetS and hematological parameters, by taking 
account of serum insulin concentration and 
insulin resistance are warranted. The prevalence 
of MetS is relatively high (23% in our study 
population). Future studies into the association of 
hematological parameters and MetS may lead to 
the development of inexpensive diagnostic tests 
with potentially wide application in indentifying 
individuals at high risk of cardiovascular disease.  
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