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-~ Abstract -

Background: Type 2 diabetes and metabolic syndrome are associated with an increased
risk of cardiovascular disease, and inflasmmation is also closely associated with cardiovasc-
ular disease. The white blood cell count, which is a marker of systemic inflammation, has
been found fo correlated with the risk of cardiovascular disease. The aim of this study was
to evaluate the association between metabolic syndrome and the WBC count in fype 2
diabetic patients.

Methods: 606 patients (males 318, females 288, BMI 25.6 + 3.2 kg/m? and duration of dia-
betes 4.8 + 5.9 year) were enrolled. The WBC and differential counts, anthropometry, blood
pressure, fasting glucose, insulin and lipid profiles were measured.

Results: According fo the quartiles of the WBC count, the number of components of
metabolic syndrome and percenfage of patients with metabolic syndrome were increased
in the highest WBC count quartile. The WBC, neutrophil, lymphocyte, monocyte and eosi-
nophil counts increased with increasing number of components of metabolic syndrome,
put not that of the basophil count. The WBC, neutrophil. lymphocyte, monocyte and
eosinophil counts were higher in patients with metabolic syndrome than in those without.
The WBC count was found to be positively correlated with the waist circumference (7 =
0.090), systolic blood pressure (y =0.090), diastolic blood pressure (7 =0.104), triglyceride (¥ =
0.252), insulin ( =0.168) and HOMAR (7 = 0.170), but negatively with high-density lipcprotein
cholesterol (3= -0.167) (P<0.05, respectively).

Conclusion: Chronic inflammation, as indicated by a higher than normal WBC count, may
increased with the increasing number of components of metabolic syndrome (J Kor Diabetes
Assoc 29:460~468, 2005).

Key Words: Whife blood cell count, Differential count, Metabolic syndrome, Diabetes mellitus
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Fig. 1. ROC curve of cut-off value of white blood cell to
correspond with the metabolic syndrome
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748199} (Table 3).

Table 1. Clinical Characteristics of Subjects

Total
No. of patients 606
Age (years) 560+ 11.6
Duration of diabetes (years) 48+59
BMI (kg/m®) 256 +32
WBC (juL) 6757 + 1469
Neutrophil (%) 56.7 + 7.4
Lymphocyte (%) 339+6.38
Monocyte (%) 55+1.7
Eosinophil (%) 25+18
Basophil (%) 06+03
ANC (fuL) 3857 + 1103
ALC (juL) 2271 + 598
AMC (juL) 364 + 124
AEC (juL) 170 + 132
ABC (JuL) 38 +22
Fasting glucose (mmol/L) 832 +278
PP 2 hour glucose (mmol/L) 13.36 + 4.93
HbAlc (%) 82+ 18
Total Cholesterol (mmol/L) 4.98 £ 0.99
Triglyceride (mmol/L) 2.04 £ 1.85
HDL-C (mmol/L) 1.21+0.29
LDL-C (mmol/L) 292 +0.84

Insulin (pmol/L) 48.6(10.5~265.6)

HOMA-IR 2.32(0.36~10.42)
Number of components of MS 222 +1.12
MS (%) 73

Data are expressed as means+S.D. or median(range)
BMI, body mass index; WBC, white blood cell; ANC,
absolute neutrophil count; ALC, absolute lymphocyte
count; AMC, absolute monocyte count; AEC, absolute
eosinophil count; ABC, absolute basophil count; PP,
postprandial; HDL-C, high-density lipoprotein-chole-
sterol; LDL-C, low-density lipoprotein-cholesterol; MS,
meta- bolic syndrome
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Table 2. Clinical Characteristics of Subjects According to White Blood Cell Count

quartile of WBC 1 12 3 4 p value
Range 4,000~5,590 5,600~6,580 6,600~7,790 7,800~10,700
No. of patients 147 153 154 152
Sex (female %) 50 56 42 42 < 0.05
Age (years) 56.2 £ 10.8 555116 56.5 £12.0 557 +£119 ns
Duration of diabetes (years) 43+58 45154 51163 54+59 ns
BMI (kg/mz) 253 +3.1 252+33 25.8+3.0 26.0+3.5 0.076
WBC (/uL) 4987 + 419 6076 + 291 7158 + 347 8748 + 770 < 0.001
Neutrophil (%) 543+74 56.6 + 6.8 56.4+7.0 594 +7.7 < 0.001
Lymphocyte (%) 358 +6.9 343165 34062 31.8+7.1 < 0.001
Monocyte (%) 58+19 54+15 55+18 51+13 < 0.01
Eosinophil (%) 26+1.7 23+13 2.8+21 25+19 ns
Basophil (%) 0604 06+03 0603 05+03 ns
ANC (juL) 2703 + 419 3438 + 451 4041 + 567 5209 + 908 < 0.001
ALC (JuL) 1786 + 386 2082 + 405 2431 + 443 2766 + 622 < 0.001
AMC (fuL) 290 + 93 330+ 95 390 + 128 444 £ 118 < 0.001
AEC (juL) 128 + 84 137+ 79 197 £ 152 217 £ 164 < 0.001
ABC (uL) 30+ 18 36+ 20 41 £ 24 44 + 23 < 0.001
Fasting glucose (mmol/L) 8.14 £ 2.68 8.19 £ 2.61 8.48 £ 3.16 8.45 +2.64 ns
PP 2 hour glucose (mmol/L) 12.70 £ 4.86 13.23 £ 4.83 13.49 £ 4.92 13.98 £ 5.09 ns
HbAlc (%) 79 +1.7 8.1+19 82+18 84+19 ns
Total cholesterol (mmol/L) 4.88 £0.82 4.90 + 1.04 5.05+1.02 5.10 + 1.02 ns
Triglyceride (mmol/L) 1.68 + 1.44 2.05 257 1.99 + 1.22 2.41 +1.80 < 0.001
HDL-C (mmol/L) 1.27 £0.34 1.22 +0.26 1.21 +0.29 1.16 + 0.26 < 0.01
LDL-C (mmol/L) 2.84 +0.65 2.87 +0.83 3.00 £ 0.90 2.94 +0.95 ns
Insulin (pmol/L) 42.0(11.7~149.2) 44.8 (11.3~184.3) 49.6 (10.8~265.6) 58.0(10.5~165.0) < 0.01
HOMA-IR 2.12 (0.49~10.42) 2.17 (0.36~9.11) 2.28 (0.47~8.71) 2.85(0.56~9.87) < 0.01
Number of components of MS 1.92 +£1.13 2.15 £ 1.07 232 +£1.04 247+ 1.15 < 0.001
MS (%) 61% 71% 81% 80% < 0.001

Data are expressed as means=S.D. or median(range)

BM]I, body mass index; WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count;
AMC, absolute monocyte count; AEC, absolute eosinophil count; ABC, absolute basophil count; PP, postprandial;
HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; MS, metabolic syndrome

p value : obtained from ANOVA
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6. CIAESETC RHE V1ot BHAEl wWET 0| 7|
FX| (cut-off value)

ROC (Receiver operating characteristic) curve & -2-4J&}
Rg Wl HAFET A ¥ o] F)EX] (cut-off
value)x= 6,415/l (I 59.2%, Eol% 60.5%, p<
0.001) o]} (Fig. 1).
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Table 3. Clinical characteristics of Subjects According to the Number of Components of Metabolic

Syndrome

1 2 3 4 5 p value

39 123 195 163 86
No. of patients 31 33 47 54 66
Sex (female %) 50.5+12.3 554 +114 56.8 £ 11.3 56.3+£11.3 57.1+£120 < 0.001
Age (years) 38+49 52+63 46+59 52£60 47 +54 < 0.05
DM duration (years) 235+24 238+24 25632 262 +3.3 27.7+£3.0 ns
BMI (kg/mz) 6148 + 1470 6325+ 1350 6891 + 1465 6761 £ 1396 7350 + 1531 < 0.001
WBC (juL) 55.4 £ 8.0 569+73 57.0+£7.6 56.5+7.1 56.5+7.5 < 0.001
Neutrophil (%) 352+70 336+ 6.7 337+69 34.1£6.6 34170 ns
Lymphocyte (%) 52+19 5616 54+16 55+16 54+19 ns
Monocyte (%) 2316 23+19 25+19 25+1.6 28+1.8 ns
Eosinophil (%) 06+03 06+04 06+04 05+£03 05+03 ns
Basophil (%) 3454 + 1150 3614 = 997 3958 + 1122 3849 £ 1072 4174 £ 1142 ns
ANC (/L) 2121 £ 502 2116 + 570 2296 + 594 2280 + 525 2497 £ 730 < 0.001
ALC (juL) 313+ 109 349 + 116 366 + 127 371 + 122 388+ 132 < 0.001
AMC (juL) 143 + 125 147 + 129 175 + 140 171 £ 115 204 + 143 < 0.05
AEC (juL) 3722 38 +24 40 + 25 36+ 19 39+21 < 0.05
ABC (/uL) 8.18 £2.73 8.15 £2.65 7.97 £ 2.67 8.72 £+ 2.89 8.68 £2.96 ns
Fasting glucose (mmol/L) 13.01 +4.94 13.33 £ 5.27 12.86 £ 4.85 13.82 + 5.07 13.81 + 4.37 ns
PP 2 hour glucose (mmol/L) 82+2.1 82+19 80+1.8 83+1.8 83+1.7 ns
HbAlc (%) 4.79 + 0.79 4.92 +0.90 4.96 + 1.03 499 + 1.03 5.22 +0.95 ns
Total Cholesterol (mmol/L) 0.98 £ 0.29 1.24 £ 0.55 1.69 + 1.28 2.62 +2.49 3.35 £ 2.08 ns
Triglyceride (mmol/L) 1.44 £0.35 1.36 £ 0.28 1.27 £0.29 1.07 £ 0.20 1.02+£0.14 < 0.001
HDL-C (mmol/L) 2.90 £ 0.66 2.98 +0.78 2.94 + 0.90 2.87 +0.81 2.88+091 < 0.001
LDL-C (mmol/L) 32.8 35.0 46.4 525 67.9 ns
Insulin (pmol/L) (11.3~105.2) (10.5~228.3) (11.7~161.2) (12.3~184.3) (19.2~265.6) < 0.001
HOMA-IR 1.60 1.72 2.18 2.69 3.57 < 0.001

(0.36~7.36) (0.56~10.42) (0.47~9.37) (0.49~9.11) (0.63~9.87)

Data are expressed as means+S.D. or median(range)
BMI, body mass index; WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; AMC,
absolute monocyte count; AEC, absolute eosinophil count; ABC, absolute basophil count; PP, postprandial, HDL-C,

high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; MS, metabolic syndrome
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Table 4. Clinical Characteristics of Subjects According to the Presence of Metabolic Syndrome

MS () MS (+) p value
N 162 444
Sex (female %) 33 53 < 0.001
Age (years) 542 +11.8 56.6 +114 < 0.05
DM duration (years) 4.8 +6.0 48+58 ns
BMI (kg/mz) 238124 26.2+32 < 0.001
WBC (JuL) 6283 + 1377 6930 £ 1464 < 0.001
Neutrophil (%) 56.5+75 56.7t74 ns
Lymphocyte (%) 34068 339+6.8 ns
Monocyte (%) 55117 54+17 ns
Eosinophil (%) 23118 26+1.8 ns
Basophil (%) 0.6+04 0.6+03 ns
ANC (juL) 3575 + 1034 3960 + 1110 < 0.001
ALC (juL) 2117 + 553 2327 + 604 < 0.001
AMC (/L) 340 £ 115 372 £ 126 < 0.01
AEC (juL) 146 + 128 179 + 132 < 0.01
ABC (juL) 38+23 39+22 ns
Fasting glucose (mmol/L) 8.15 £ 2.66 8.38 £+ 2.82 ns
PP 2 hour glucose (mmol/L) 13.25 +5.18 13.40 + 4.85 ns
HbAlc (%) 82120 82+1.8 ns
Total cholesterol (mmol/L) 4.89 £ 0.88 5.02+£1.02 ns
Triglyceride (mmol/L) 1.18 £ 0.51 2.35 £ 2.05 < 0.001
HDL-C (mmol/L) 1.38 £ 0.30 1.15 £ 0.26 < 0.001
LDL-C (mmol/L) 296 £ 0.75 2.90 + 0.87 ns
Insulin (pmol/L) 34.2 (10.5~228.3) 53.1 (11.7~265.6) < 0.001
HOMA-IR 1.70 (0.36~10.42) 2.64 (0.47~9.87) < 0.001

Data are expressed as means=S.D. or median(range)

BMI, body mass index; WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; AMC,
absolute monocyte count; AEC, absolute eosinophil count; ABC, absolute basophil count; PP, postprandial, HDL-C,
high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; MS, metabolic syndrome

p value : MS(-) vs. MS(+)

Table 5. Partial Pearson Correlation of Total WBC Count with other Metabolic
Parameters after Adjustment for Age and Sex

Correlation efficiency (y)

Fasting glucose 0.052 0.199
PP 2 hour glucose 0.099 * 0.017
Waist circumterence 0.090 * 0.026
SBP 0.090 * 0.034
DBP 0.104 * 0.015
HDL-C -0.167 * < 0.001
Triglyceride (log) 0.252 * < 0.001
Insulin (log) 0.168 * < 0.001
HOMA-IR (log) 0.170 * < 0.001

WBC, white blood cell; PP, postprandial; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HDL-C, high density lipoprotein-cholesterol
* : p value <0.05

2 T 47k SARIgE, el el BTt Fek ol oSl AT ASUs wadh wak BAe
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Table 6. Risk of Metabolic Syndrome According to White Blood cell Count

quartile of wbc 1 2 3 4

odds ratio 1 1.569 2.618 2472

95% CI 0.969~2.541 1.558~4.398 1.476~4.139

CI, confidence interval
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