
180� © 2016 Journal of Medical Sciences | Published by Wolters Kluwer - Medknow

Received: June 22, 2016; Revised: July 24, 2016; 
Accepted: August 02, 2016
Corresponding Author: Dr.  Chang‑Hsun Hsieh, 
Department of Internal Medicine, National Defense 
Medical Center, Division of Endocrinology and 
Metabolism, Tri‑Service General Hospital, #325, Section 2, 
Chenggong Road, Neihu District, Taipei, Taiwan, Republic 
of China. Tel: +886 2 8792 7182; Fax: +886 2 8791 7183. 
E‑mail: 10324peter@gmail.com

The Association of Hematological Parameters and Metabolic Syndrome in an 
Older Population: A Cross‑sectional and Longitudinal Study

Hsiao‑Wen Chang1, Jin‑Biou Chang2, Peng‑Fei Li3, Jui‑Hung Chen4, Chia‑Luen Huang3, Yao‑Jen Liang5, 
Chien‑Hsing Lee3, Chien‑Hua Lin6, Min‑Tser Liao7,8, Chang‑Hsun Hsieh3

1Division of Endocrinology and Metabolism, Department of Internal Medicine, Kaohsiung Armed Forces General 
Hospital, Kaohsiung, 2Division of Clinical Pathology, Department of Pathology, Tri-Service General Hospital, National 

Defense Medical Center, 3Division of Endocrinology and Metabolism, Department of Internal Medicine, Tri-Service 
General Hospital, National Defense Medical Center, 4Division of Endocrinology and Metabolism, Department of Internal 

Medicine, Tri-Service General Hospital Songshan Branch, National Defense Medical Center, 5Department of Life 
Science, Institute of Applied Science and Engineering, College of Science and Engineering, Fu-Jen Catholic University, 

Departments of 6Surgery and 7Pediatrics, Tri-Service General Hospital, National Defense Medical Center, 8Department of 
Pediatrics, Taoyuan Armed Forces General Hospital, Taoyuan, Taiwan, Republic of China

Objective: Hematological parameters play a significant role in metabolic syndrome (MetS) and its development in the elderly, 
but the association and different ability of each parameter to predict MetS have not been investigated in the very old populations. 
Subjects and Methods: This cross‑sectional and longitudinal study included 18,907 participants aged over 65  years and 
followed up until MetS development with a mean duration of 4 years from the entry date. MetS was diagnosed according to 
the latest harmonized criteria with modification for waist circumference. Correlations between hematological parameters and 
MetS were analyzed and operating characteristic curves were compared among each parameter. Stratification was conducted 
by gender and age as follows: young‑old (65–74 years), old‑old (75–84 years), and oldest‑old (85–94 years). Results: White 
blood cell count (WBC) and hemoglobin (Hb) levels in both genders of young‑old (65–74 years) and old‑old (75–84 years) and 
platelet (PLT) in young‑old (65–74 years) males were independent factors for risk of MetS. However, only WBC (P < 0.001) 
and Hb level (P < 0.001) in young‑old (65–74 years) males and Hb level (P = 0.03) in old‑old (75–84 years) females were 
independent factors of future MetS development. For predicting MetS, WBC and Hb levels were better markers than PLT in 
the old‑old (75–84 years) and young‑old (65–74 years) males group. In young‑old (65–74 years) females, WBC was the most 
sensitive marker. Conclusions: Hematological parameters were associated with MetS, showing gender and age effects. These 
findings can be used for risk estimation of MetS development in the older population.
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to be a risk factor for type 2 diabetes (T2D) and cardiovascular 
disease  (CVD) development.2 The growing prevalence of 
MetS has become an important health issue not only in 
Taiwan but also in other countries. Furthermore, older age is 
correlated with a higher prevalence of MetS, and the estimated 
prevalence is 44.5% of males and 57.3% of females in Taiwan3 
in participants aged older than 60 years.

ORIGINAL ARTICLE

INTRODUCTION

Metabolic syndrome  (MetS) is defined as a group of 
metabolic abnormalities including elevated blood pressure, 
impaired fasting glucose, dyslipidemia, and central obesity. 
This syndrome was first described by the National Cholesterol 
Education Program‑Adult Treatment Panel III1 and is known 

How to cite this article: Chang HW, Chang JB, Li PF, Chen JH, 
Huang CL, Liang YJ, et al. The association of hematological parameters 
and metabolic syndrome in an older population: A cross-sectional and 
longitudinal study. J Med Sci 2016;36:180-7.

This is an open access article distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

J Med Sci 2016;36(5):180‑187
DOI: 10.4103/1011-4564.192825

[Downloaded free from http://www.jms.ndmctsgh.edu.tw on Friday, November 11, 2016, IP: 211.21.42.159]



Hsiao‑Wen Chang, et al.

181

The older population, which is defined as persons aged 
65  years or older, representing 12.5% of the Taiwanese 
population in 2015.4 This population tends to show metabolic 
trait abnormalities and is prone to a higher incidence of 
T2D and CVD. Therefore, the early identification of the 
MetS is an important issue worldwide. The pathogenesis of 
MetS is complex and associated with the chronic systemic 
inflammatory response.5 Several surrogate markers, such as 
uric acid, interleukin (IL)‑1beta, and adiponectin, were used as 
markers of MetS.6,7 The hematogram is a feasible examination 
to conduct in clinical practice. The strong associations 
between MetS and the hematogram in different ethnic and 
age populations have been described in previous reports.8‑19 
Discrepancies in the results may be attributed to the different 
ethnic population, gender, and age factors examined. Several 
studies have explored this association among participants 
of the elderly population.13‑17 Kawamoto et  al. suggested a 
positive association between hemoglobin (Hb) level and MetS 
in 1696 Japanese participants with a mean age > 60 years.18 
Our previous studies also confirmed the independent role of 
white blood cell count  (WBC) and platelet  (PLT) on MetS 
development in the elderly population both in cross‑sectional 
and longitudinal studies.14,15,17,19 However, no studies have 
explored this association in the very aged population. 
Therefore, in this study, we divided the older population into 
three groups as follows: young‑old  (65–74  years), old‑old 
(75–84 years), and oldest‑old (85–94 years). We investigated 
the correlations between MetS and hematological parameters 
among the different elderly groups. Furthermore, whether the 
single parameters were sufficiently sensitive for predicting 
MetS development was evaluated.

SUBJECTS AND METHODS

Study population
Eligibility criteria were detailed previously.20 There 

were two stages of the study. In Stage I for cross‑sectional 
analysis, we randomly selected 36,169 participants who 
were over  65  years of age during the sampling time from 
1999 to 2008. We excluded 3347 participants who visited 
the clinic only once during the sampling periods. Participants 
with a history of hypertension, T2D, cardiovascular events, 
and cancer as well as those who were taking medications 
known to affect MetS components, such as statin and steroid, 
were excluded  (n  =  11,562) from the study. In addition, we 
excluded participants with missing data for MetS components, 
hematogram, and other demographic data (n = 2353). A total 
of 18,907 participants were eligible for further analysis. In 
Stage II for longitudinal analysis, participants without MetS at 

baseline were followed for 2–10 years to evaluate the factors 
influencing MetS development. We divided the participants 
by age into three groups of young‑old (65–74 years), old‑old 
(75–84 years), and oldest‑old (85–94 years).

Anthropometric measurements and general data
All medical history, physical examinations, and 

measurement were performed in the MJ Health Screening 
Centers, the senior nursing staff in the clinic used a 
questionnaire to obtain the participant’s medical history 
including any current medications. Then, complete physical 
examinations were performed. Waist circumference (WC) was 
measured horizontally at the level of the natural waist, which 
was identified as the level at the hollow molding of the trunk 
when the trunk was laterally concave. Body mass index (BMI) 
was calculated as the participant’s body weight  (kg) divided 
by the square of the participant’s height  (m). Both systolic 
blood pressure  (SBP) and diastolic blood pressure  (DBP) 
were measured by the nursing staff using a standard mercury 
sphygmomanometer fitted on the right arm of each participant 
when seated. Laboratory measurements after the participant 
fasted for 10 h; blood samples were drawn from the antecubital 
vein for biochemical analysis. The method of analysis was as 
detailed previously.20

Definition of metabolic syndrome
We used the latest harmonized criteria of MetS in 200921 

with modifications. The WC criteria were equal or  >90 
and 80  cm in Taiwanese men and women, respectively.22 
The other four criteria were the same: SBP  ≥130  mmHg or 
DBP  ≥85  mmHg, triglyceride  (TG) ≥150  mg/dL, fasting 
plasma glucose  (FPG) ≥100  mg/dL, and high‑density 
lipoprotein cholesterol  (HDL‑C) ≤40 and 50  mg/dL in men 
and women or taking related medications. Participants had to 
fulfill at least three criteria to be diagnosed with MetS.

Statistical analysis
The data in this study are presented as the mean ± standard 

deviation. All data were tested for normal distribution using the 
Kolmogorov–Smirnov test and homogeneity of variances with 
Levene’s test. The data were log‑transformed before analysis 
if they did not show a normal distribution. The t‑test was used 
to evaluate the differences between two groups. Analysis of 
variance was used to compare the differences in characteristics 
among three different groups. The odds ratio  (OR) was 
calculated to compare the possibility of having MetS in 
different age groups using a multivariable logistic regression 
model. In addition, Cox regression analysis was performed to 
determine the hazard ratio in different age groups during the 
follow‑up period. Finally, to determine which hematological 
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parameters were the most highly correlated with MetS, 
receiver‑operating characteristic  (ROC) curves  (MedCalc 
Software, Broekstraat, Mariakerke, Belgium) were generated 
with gender specification. P (two‑sided) <0.05 was considered 
statistically significant. All statistical analyses were performed 
using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS

The demographic characteristics and hematogram of the 
three age groups are shown in Table 1. Except for WC, FPG, 
and WBC in males and DBP, FPG, HDL‑C, and TG in females, 
other metabolic characteristics, and hematological components 
were statistically significantly different among these three 
groups in both genders. A higher age of the participants was 
correlated with higher SBP and WBC. The opposite trend was 
observed for WC, DBP, TG, PLT, and Hb levels.

Comparisons of metabolic characteristics in participants 
with and without MetS among the three age groups are 
listed in Table  2. Except for SBP in males and SBP, DBP, 
and FPG in females in the oldest old group, the remaining 
MetS components between participants with and without 
MetS among the three groups were significantly different 
because of arbitrary grouping. WBC and Hb levels were 
significantly higher in participants with MetS in the young‑old 
(65–74  years) and old‑old  (75–84  years) groups of both 
sexes (all P < 0.001) and PLT was significantly higher in the 
young‑old (65–74 years) group of females  (P < 0.001) with 
MetS than in participants without MetS. In contrast, there was 
no difference in hematological parameters between participants 
with and without MetS in the oldest‑old (85–94 years) group.

A multivariable logistic regression model was used 
to determine the effect of hematological parameters 
on the risk of MetS after adjusting for confounding 
factors  [Table  3]. For young‑old  (65–74  years) males, the 
hematological parameters significantly associated with the 
risk of MetS included WBC  (OR: 1.422, 95% confidence 
interval  [CI]: 1.336–1.514) and Hb level  (OR: 1.348, 95% 
CI: 1.271–1.430) (P < 0.001). For the old‑old (75–84 years) 
group of males, the hematological parameters significantly 
associated with the risk of MetS included WBC (OR: 1.191, 
95% CI: 1.125–1.261) and Hb level  (OR: 1.203, 95% CI: 
1.122–1.290) (P < 0.001). For the young‑old (65–74 years) 
group of females, a positive association was observed 
between MetS incidence and WBC  (OR: 1.526, 95% CI: 
1.437–1.620), Hb level (OR: 1.237, 95% CI: 1.168–1.310), 
and PLT (OR: 1.101, 95% CI: 1.038–1.168) (P < 0.001). For 
the old‑old (75–84 years) group of females, the ORs for MetS 
development were WBC (OR: 1.466, 95% CI: 1.286–1.671) 
and Hb level (OR 1.418, 95% CI: 1.248–1.610) (P < 0.001). 

There were no significant hematological parameters 
associated with MetS in the oldest‑old (85–94 years) group 
in this study. However, only WBC  (HR: 1.380, 95% CI: 
1.193–1.597; P < 0.001) and Hb level (HR: 1.257, 95% CI: 
1.093–1.445; P  <  0.001) in the young‑old  (65–74  years) 
group of males and Hb level  (HR: 1.727, 95% CI: 1.054–

Table 1: Demographic data of different elderly groups
Young‑old Old‑old Oldest‑old P

Male

n 7648 1963 121

Age (years) 68.7±2.8 77.8±2.5 87.0±2.2 <0.001

WC (cm) 85.1±9.1 84.9±9.6 84.6±10.1 0.492

BMI (kg/m2) 23.8±3.1 23.2±3.2 22.8±3.2 <0.001

SBP (mmHg) 135.6±20.3 139.3±20.2 139.5±22.4 <0.001

DBP (mmHg) 77.3±11.7 75.2±11.9 73.4±12.9 <0.001

FPG (mg/dL) 109.8±32.5 110.4±32.1 105.5±17.9 0.238

TC (mg/dL) 199.8±36.4 194.3±35.4 190.8±35.0 <0.001

HDL‑C (mg/dL) 49.3±13.9 50.4±14.7 51.7±16.0 0.003

LDL‑C (mg/dL) 125.0±32.7 119.3±31.3 116.9±30.2 <0.001

TG (mg/dL) 127.7±68.1 123.1±65.3 110.9±50.6 0.001

LogTG 2.1±0.2 2.0±0.2 2.0±0.2 <0.001

WBC (×103/µL) 6.5±1.8 6.5±1.9 6.7±1.8 0.461

Hemoglobin (g/dL) 14.7±1.3 14.3±1.4 13.8±1.6 <0.001

Platelet (×103/µL) 213.1±55.7 202.9±57.0 197.6±52.5 <0.001

Female

n 7521 1573 81

Age (years) 68.5±2.7 77.8±2.6 86.8±2.0 <0.001

WC (cm) 80.1±8.9 82.1±9.6 83.5±9.1 <0.001

BMI (kg/m2) 24.5±3.6 24.0±3.7 23.5±4.0 <0.001

SBP (mmHg) 139.9±20.8 145.9±21.2 149.5±19.4 <0.001

DBP (mmHg) 76.8±11.8 76.2±12.3 76.8±11.5 0.230

FPG (mg/dL) 110.0±33.5 110.1±29.6 109.4±26.7 0.976

TC (mg/dL) 214.3±38.5 210.5±36.9 212.7±42.4 0.002

HDL‑C (mg/dL) 57.0±15.1 57.0±15.8 56.8±16.6 0.976

LDL‑C (mg/dL) 129.6±34.5 125.8±32.5 127.3±37.6 <0.001

TG (mg/dL) 138.2±69.2 139.5±68.5 143.0±65.9 0.668

LogTG 2.1±0.2 2.1±0.2 2.1±0.2 0.381

WBC (×103/µL) 6.2±1.7 6.3±1.8 6.7±2.0 0.002

Hemoglobin (g/dL) 13.3±1.1 13.0±1.3 12.9±1.3 <0.001

Platelet (×103/µL) 231.2±56.5 226.2±59.4 213.1±59.4 <0.001
Data are shown as mean±SD. WC=Waist circumference; BMI=Body 
mass index; SBP=Systolic blood pressure; DBP=Diastolic blood pressure; 
FPG=Fasting plasma glucose; TC=Total cholesterol; HDL‑C=High‑density 
lipoprotein cholesterol; LDL‑C=Low‑density lipoprotein cholesterol; 
TG=Triglyceride; LogTG=Log transformed triglyceride; WBC=White 
blood cell count; SD=Standard deviation
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Table 2: Demographic data of the baseline study participants with and without metabolic syndrome
Young‑old Old‑old Oldest‑old

MetS (−) MetS (+) P MetS (−) MetS (+) P MetS (−) MetS (+) P

Male

n 5049 2599 1273 690 83 38

Age (years) 68.7±2.8 68.7±2.8 0.436 77.9±2.5 77.8±2.5 0.591 87.0±2.3 87.1±2.0 0.858

WC (cm) 81.8±7.9 91.6±7.7 <0.001 81.3±8.2 91.6±8.1 <0.001 81.1±9.2 92.2±7.6 <0.001

SBP (mmHg) 131.4±20.0 143.6±18.3 <0.001 135.8±20.5 145.8±18.0 <0.001 137.3±20.9 144.2±25.1 0.120

DBP (mmHg) 75.4±11.5 81.0±11.2 <0.001 73.7±11.6 77.8±12.0 <0.001 71.4±11.2 77.7±15.2 0.027

FPG (mg/dL) 104.3±28.2 120.5±37.3 <0.001 104.3±23.5 121.8±41.4 <0.001 101.3±14.3 114.6±21.4 <0.001

HDL‑C (mg/dL) 53.2±13.8 41.7±10.7 <0.001 54.9±14.6 42.0±10.4 <0.001 56.9±15.9 40.3±8.9 <0.001

TG (mg/dL) 102.6±46.3 176.4±76.7 <0.001 96.8±41.5 171.7±73.1 <0.001 91.2±33.6 153.8±55.0 <0.001

WBC (×103/µL) 6.3±1.7 6.8±1.8 <0.001 6.2±1.8 6.9±2.0 <0.001 6.6±2.0 6.9±1.5 0.393

Hemoglobin (g/dL) 14.6±1.3 15.0±1.3 <0.001 14.1±1.4 14.5±1.5 <0.001 13.6±1.6 14.1±1.5 0.105

Platelet (×103/µL) 212.5±55.8 214.3±55.5 0.168 201.4±58.7 205.7±53.7 0.111 198.0±53.1 196.9±51.7 0.914

Female

n 4004 3517 718 855 30 51

Age (years) 68.3±2.7 68.7±2.8 <0.001 77.7±2.6 77.9±2.6 0.215 87.3±2.5 86.5±1.5 0.125

WC (cm) 76.2±7.7 84.5±8.1 <0.001 77.3±8.5 86.2±8.5 <0.001 77.4±9.1 87.0±7.1 <0.001

SBP (mmHg) 134.4±20.6 146.2±19.1 <0.001 140.7±21.9 150.2±19.5 <0.001 149.3±20.9 149.6±18.7 0.948

DBP (mmHg) 74.2±11.7 79.7±11.2 <0.001 74.0±12.1 78.1±12.1 <0.001 76.3±11.1 77.0±11.9 0.782

FPG (mg/dL) 101.4±23.4 119.8±39.9 <0.001 102.0±21.3 116.9±33.6 <0.001 102.1±17.2 113.7±30.3 0.060

HDL‑C (mg/dL) 63.6±14.3 49.6±12.3 <0.001 65.0±15.4 50.2±12.8 <0.001 66.1±16.7 51.4±14.1 <0.001

TG (mg/dL) 106.3±44.9 174.6±73.9 <0.001 103.1±40.5 170.1±72.1 <0.001 104.8±37.2 165.5±69.0 <0.001

WBC (×103/µL) 5.9±1.6 6.6±1.8 <0.001 5.9±1.7 6.6±1.9 <0.001 6.3±2.0 6.9±2.0 0.203

Hemoglobin (g/dL) 13.2±1.1 13.4±1.2 <0.001 12.8±1.2 13.2±1.3 <0.001 12.6±1.3 13.0±1.2 0.107

Platelet (×103/µL) 226.3±55.3 236.8±57.4 <0.001 223.0±58.9 228.9±59.6 0.050 202.8±53.0 219.2±62.5 0.233
Data are shown as mean±SD. WC=Waist circumference; SBP=Systolic blood pressure; DBP=Diastolic blood pressure; FPG=Fasting plasma glucose; 
HDL‑C=High‑density lipoprotein cholesterol; TG=Triglyceride; WBC=White blood cell count

Table 3: Multivariable logistic regression model of hematogram for the risk of metabolic syndrome
Young old Old‑old Oldest‑old

OR 95% CI P OR 95% CI P OR 95% CI P

Male

WBC 1.422 1.336–1.514 <0.001 1.191 1.125–1.261 <0.001 1.470 0.898–2.407 0.126

Hb 1.348 1.271–1.430 <0.001 1.203 1.122–1.290 <0.001 1.321 0.817–2.134 0.256

PLT 0.968 0.911–1.030 0.306 0.999 0.997–1.001 0.467 0.740 0.453–1.208 0.229

Female

WBC 1.526 1.437–1.620 <0.000 1.466 1.286–1.671 <0.001 1.309 0.713–2.402 0.384

Hb 1.237 1.168–1.310 <0.000 1.418 1.248–1.610 <0.001 1.477 0.836–2.608 0.179

PLT 1.101 1.038–1.168 <0.001 1.092 0.959–1.243 0.186 1.143 0.624–2.091 0.665
CI=Confidence interval; WBC=White blood cell count; Hb=Hemoglobin; PLT=Platelet; OR=Odds ratio

2.831, P  =  0.03) in the old‑old  (75–84  years) group of 
females were associated with an increased risk for MetS 
development during follow‑up Table 4.

Figure  1 shows the ROC curve of the hematogram for 
predicting MetS development among different age groups. 
In the young‑old  (65–74  years) group of males, WBC and 
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Hb level were better predictors than PLT  (WBC vs. PLT, 
P  =  0.001, Hb vs. PLT, P  =  0.004) to predict future MetS 
development. However, in the young‑old  (65–74  years) 
group of females, WBC was the best predictor for future 
MetS development (WBC vs. Hb, P = 0.001, WBC vs. PLT, 
P = 001). In the old‑old  (75–84 years) group of both sexes, 
WBC and Hb level were better predictors than PLT (WBC vs. 
PLT, P = 0.001, Hb vs. PLT, P = 0.004) for MetS development. 
In the oldest‑old (85–94 years) group of both sexes, there was 

Figure 1: Receiver operating characteristic curve of hematogram in different age groups

no single parameter that outweighed another for estimating 
future MetS development.

DISCUSSION

This is the first study to examine the ability of these 
three main hematological parameters to estimate future 
MetS development in the very aged population. We found 
gender and age differences in the ability to predict further 

Table 4: Multivariable Cox regression model of hematogram for the future metabolic syndrome
Young‑old Old‑old Oldest‑old

HR 95% CI P HR 95% CI P HR 95% CI P

Male

WBC 1.380 1.193–1.597 <0.001 1.103 0.760–1.600 0.607 2.874 0.707–11.678 0.140

Hb 1.257 1.093–1.445 <0.001 1.199 0.816–1.760 0.356 9.518 1.012–89.488 0.049

PLT 0.923 0.797–1.068 0.282 1.171 0.810–1.692 0.401 0.787 0.124–5.004 0.800

Female

WBC 1.159 0.990–1.357 0.066 1.445 0.824–2.535 0.199 Not enough event for analysis ‑

Hb 1.134 0.976–1.317 0.100 1.727 1.054–2.831 0.030 Not enough event for analysis ‑

PLT 1.048 0.897–1.224 0.557 1.133 0.637–2.015 0.671 Not enough event for analysis ‑
CI = Confidence interval; WBC = White blood cell count; Hb = Hemoglobin; PLT = Platelet; HR = Hazard ratio
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MetS development, in which WBC and Hb level in the 
young‑old  (65–74  years) population of males and Hb level 
in females in the old‑old  (75–84  years) population were 
independent factors. The results agree with the results of ROC 
analysis, which demonstrated that WBC and Hb level were 
better surrogate markers compared to PLT for predicting future 
MetS development in both genders in the aged population. 
However, this close association was not observed in the very 
aged population.

MetS is a group of metabolic abnormalities associated 
with insulin resistance  (IR) and chronic inflammatory status 
and correlated with several biomarkers, such as WBC, 
high‑sensitivity C‑reactive protein, or the neutrophil to 
lymphocyte ratio, has been explored in different populations 
in previous studies.10‑12,23‑25 MetS components are related to 
chronic inflammatory processes; therefore, ours and most 
previous studies confirmed the positive correlation between 
not only MetS components but also MetS itself and WBC.10‑12 
However, some previous studies did not observe this positive 
association.24,25 The possible mechanisms explaining the close 
association between WBC and MetS incidence include IR and 
adiposity, which are core defects observed in MetS. WBC is 
closely associated with IR and was associated with the risk of 
MetS even after adjusting for homeostatic model assessment‑IR 
in apparently healthy adults in Korea.12 Similarly, Hanley et al. 
found that WBC is an independent factor for predicting IR in 
nondiabetic participants.26 A study of Japanese participants 
showed that WBC was a nonsignificant predictor of MetS, 
likely because of the low adiposity (mean BMI of 22.7 in men 
and 22.5 in women) of the study participants compared to in 
other studies.24 Our participants in the oldest‑old (85–94 years) 
group had less adiposity than the other two aged groups, 
which explains the discrepancy among the three groups. 
Age is another possible factor explaining the discrepancy. In 
a study of a Chinese adult population, WBC was positively 
associated with MetS, but this correlation disappeared when 
participant age was > 50 years.10 The results of these studies 
are partially concordant with our results, in which WBC was 
strongly associated with MetS in the young‑old (65–74 years) 
and old‑old (75–84 years) groups with greater adiposity, but 
not in the oldest‑old (85–94 years) group.

Studies exploring the association between MetS and Hb 
level have been limited. A study by Laudisio et al. found that 
participants with higher Hb levels had a higher incidence of 
MetS in participants aged older than 65 years.13 Furthermore, 
MetS was associated with a lower probability of Hb level over 
the 6‑year follow‑up period in the oldest age group, suggesting 
that the association between Hb level and MetS diminished 
with increasing age.13 These results are consistent with those 
of our study and most previous reports involved young and 

middle‑aged populations.23,27,28 The exact mechanism of 
this association remains unclear. However, previous studies 
showed that higher Hb level was associated with lower 
adiponectin29 and higher IL‑6 levels,30 which may partly 
explain the increasing MetS development in participants of 
high Hb levels.

The relationship between PLT and MetS has been extensively 
explored, but the results have not been consistent. Most studies 
confirmed the positive correlation between PLT and MetS 
independently in different age and ethnic populations.14,16,31‑34 
Few studies have focused on this positive association among 
older populations.14,34 Our previous study showed that PLT is 
an independent factor for predicting future MetS development 
in both cross‑sectional and longitudinal studies.14 These results 
were not consistent with those of the current study, which may 
be explained by the study population and methods used. The 
present study focused on the association among subgroups 
in the older population without comparing the results with a 
younger population. We found a positive relationship between 
MetS and PLT only in the young‑old (65–74 years) group of 
females in the cross‑sectional study, but not in the longitudinal 
follow‑up. Age may affect the relationship between PLT 
and MetS, whose association became insignificant when the 
participants were older in a previous study.10 In a study by 
Balduini and Noris, age‑  and sex‑related PLT variation was 
observed, and they found that PLT decreases with age and in 
male participants.35 Another explanation may be related to 
successful aging. Participants experiencing successful aging 
demonstrated a high level of functioning across age‑related 
processes and may also have genetic protection from chronic 
diseases.36

In this study, we also examined the ability of these three 
hematological parameters to predict future MetS development 
among the aged population. In the current study, all three 
hematological parameters were found to be correlated with 
MetS components in the cross‑sectional study. Generally, 
WBC was the best parameter for predicting MetS development 
in the elderly population, followed by Hb and PLT, and 
finally using the ROC curve comparison. These results are 
similar in part to those of previous studies.23 Lohsoonthorn 
et  al. investigated the associations between hematological 
parameters and MetS risk among middle‑aged professional 
and office workers in a Thailand population.23 They found that 
elevated WBC was the most useful parameter for predicting 
MetS in both genders compared to other parameters. However, 
Hb and PLT can also be used to predict MetS development 
only in the female population. The possible mechanism for 
this relationship is attributed to the strong association between 
WBC and IR and represents a marker of inflammation status. 
Chen et al. demonstrated that WBC, but not PLT or Hb, was 
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an independent risk factor for IR in middle-aged and elderly 
population in Taiwan.37 However, these results should be 
interpreted with caution because the studies were conducted 
using different analysis methods.

In the present study, we explored the association between 
hematological makers and MetS development in a specific 
population. Thus, the very aged population can be examined 
using a simple test. There were several limitations to this 
study. All participants were healthy and collected from a 
screening center in Taiwan. The participants received regular 
health examinations, which may not represent the general 
population. Consequently, this population may have a 
lower risk of chronic inflammation disease than the general 
population. Moreover, the number of participants in the 
oldest‑old (85–94 years) group was too small to represent the 
oldest‑old (85–94 years) population and for analysis. Finally, 
the demographic information such as daily alcohol intake and 
dietary components was not determined in the current study, 
which may have influenced our results.

CONCLUSIONS

We found that elevated WBC, Hb level, and PLT were 
strongly associated with the risk of MetS development in 
the older population, and WBC was the most sensitive test. 
Hematological parameters for predicting further MetS 
development can be used for the early detection of MetS in 
aged individuals with high risk.
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