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Abstract

Objective: We examined a possible association between hematological parameters and prediabetes (isolated
impaired fasting glucose, isolated impaired glucose tolerance, and combined impaired fasting glucose/impaired
glucose tolerance) as well as newly diagnosed and known diabetes in 32-81year old men and women from the
general population.

Methods: This cross-sectional analysis was based on 2,963 participants of the Cooperative Health Research in
the Region of Augsburg F4 Study conducted in 2006-2008 in Southern Germany. Hematological parameters were
determined using impedance measurements.

Results: In multivariable multinomial regression analysis hemoglobin levels were significantly associated with
isolated impaired glucose tolerance and combined impaired fasting glucose/impaired glucose tolerance compared
to persons with normal glucose tolerance (Odds Ratio per standard deviation increment: 1.37 for isolated impaired
glucose tolerance, and 1.63 for combined impaired fasting glucose/impaired glucose tolerance). Hematocrit values
were significantly associated with isolated impaired glucose tolerance, combined impaired fasting glucose/impaired
glucose tolerance, and newly diagnosed diabetes (Odds Ratio per standard deviation increment: 1.33 for isolated
impaired glucose tolerance, 1.48 for combined impaired fasting glucose/impaired glucose tolerance, and 1.29 for
newly diagnosed diabetes). White blood cell count showed a significant association with isolated impaired glucose
tolerance (Odds Ratio per standard deviation increment 1.46; 95% confidence interval 1.27-1.66), newly diagnosed
diabetes (Odds Ratio 1.55; 95% confidence interval 1.31-1.83), and known diabetes (Odds Ratio 1.43; 95%
confidence interval 1.23-1.66). While we found no association between platelet count and prediabetes or diabetes,
mean platelet volume was significantly related to known diabetes (Odds Ratio per standard deviation increment 1.19;
95% confidence interval 1.02-1.38). Most associations were more pronounced in women than men.

Conclusion: Clinically relevant hematological parameters may play a role in the early development of type 2
diabetes. Further research is necessary to study the gender-specific contribution of hematological parameters to the
pathogenesis of prediabetic states and finally to the manifestation of type 2 diabetes.

hematocrit is a major determinant of blood viscosity. Increased blood
viscosity also contributes to the development of insulin resistance [3-
8]. In addition, chronic inflammation is involved in the pathogenesis
of type 2 diabetes and evidence from epidemiological studies suggests
an association between total WBC or leukocyte count, a non-specific
marker of inflammation, and diabetes risk [2]. However, only a few
prior studies investigated, whether selected hematological parameters
such as WBC count, Mean Platelet Volume (MPV) or red cell count are
related to prediabetic states [9-12].

Keywords: Hematological parameters; Population-based study;
Prediabetes; Diabetes; Risk factor; Epidemiology; Gender

Background

The prevalence of type 2 diabetes is increasing worldwide and
exhibits a challenge on the health care system as well as on the public
health and socioeconomic development of all nations [1]. The causes
of type 2 diabetes are multifactorial and result from a combination
of environmental and genetic risk factors [1]. The implementation of
preventive measures in populations and the identification of high risk
groups, which mostly benefit from such activities, will be the key point
for the early prevention of type 2 diabetes and its complications. Within
the last years, a number of potential risk factors for type 2 diabetes
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have been identified. In this context, one’s attention was particularly
turned on lifestyle risk factors, inflammatory parameters, metabolic
abnormalities, and genetic risk factors, many of which have been
found to be independently associated with type 2 diabetes [2]. Among
those risk factors, routinely measured hematological parameters, such
as White Blood Cell (WBC) count and hematocrit (HCT) level were
associated with insulin resistance and incident type 2 diabetes [3-8].
Hematocrit is positively correlated with hyperinsulinemia and risk
factors associated with insulin resistance, e.g. high blood pressure,
elevated serum triglycerides, low HDL cholesterol, and central obesity
and could therefore be related to insulin resistance. Furthermore,
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So far, to the best of our knowledge, there is no population-based
study, which investigated the association between various routinely
measured hematological parameters and prediabetes. Therefore,
the aim of the present study was to investigate the associations of
hematological parameters, including HCT, Hemoglobin (HGB),
Platelet Count (PC), Mean Platelet Volume (MPV), and WBC count
with prediabetic groups (Isolated Impaired Fasting Glucose (i-IFG),
Isolated Impaired Glucose Tolerance (i-IGT), and combined IFG/IGT)
and newly diagnosed as well as known diabetes mellitus in a population
of 32-81year old men and women in Southern Germany. To investigate
whether there are sex-specific particularities, in addition all analyses
were performed separately for men and women.

Research Design and Methods

Data are based on the Cooperative Health Research in the Region
of Augsburg (KORA) F4 study (2006-2008), a follow-up of the KORA
$4 study, a population-based health survey conducted in 1999-2001. Of
all 4,261 participants of the S4 baseline study, 3,080 also participated
in the 7-year follow-up F4 study (response 79.6%) [13]. Persons were
considered ineligible for F4 if they lived outside the study region or
were completely lost to follow-up (n=206, 5%), or had demanded
deletion of their address data (n=12, 0.2%). Furthermore, 176 persons
(4%) had died during follow-up time. Of the remaining 3,867 eligible
persons, 174 could not be contacted, 218 were unable to come to the
study center because they were too ill or had no time, and 395 were
not willing to participate in this follow-up. The current study was
restricted to 2,963 participants aged 32-81 (1534 women and 1429
men) without missing values on any of the analytical variables (n=117).
The investigations were carried out in accordance with the Declaration
of Helsinki, including written informed consent of all participants. All
study methods were approved by the Ethics committee of the Bavarian
Chamber of Physicians, Munich.

After an overnight fast of at least 10 hours, all nondiabetic
participants underwent a standard 75-g Oral Glucose Tolerance Test
(OGTT) [14]. In persons with physician diagnosed known diabetes no
OGTT was carried out. Newly Diagnosed Diabetes (NDD; = 7.0 mmol/l
fasting plasma glucose or > 11.1 mmol/l 2-h post glucose load), i-IFG
(fasting plasma glucose > 6.1 mmol/l, but <7.0 mmol/l and 2-h post
glucose load <7.8 mmol/l), i-IGT (fasting plasma glucose <6.1 mmol/l
and 2-h post glucose load = 7.8 mmol/], but <11.1 mmol/l), IFG/IGT,
and normal glucose tolerance (NGT; fasting plasma glucose <6.1
mmol/l and 2-h post glucose load <7.8 mmol/l) were defined according
to the 1999 WHO diagnostic criteria as described elsewhere [13].

Information on sociodemographic variables, lifestyle, and
other risk factors was gathered during a standardized interview.
All participants underwent an extensive standardized medical
examination as described in more detail elsewhere [15]. Hypertension
was defined as blood pressure values > 140/90 mmHg and/or use of
antihypertensive medication, given that the individuals were aware
of being hypertensive. Individuals who participated in leisure time
physical training during summer and winter and were active for at least
one hour per week in either season were classified as being physically
active. A regular smoker was defined as a participant who smoked at
least one cigarette per day. Alcohol intake was categorized into three
categories: men: 0, 0.1-39.9 or > 40 g/day; women: 0, 0.1-19.9 or > 20
g/day.

Clinical chemical measurements

A fasting venous blood sample was obtained from all study

participants while sitting. All parameters were measured immediately.
Blood glucose was analyzed using a hexokinase method (GLU Flex,
Dade Behring). Total serum cholesterol, and HDL cholesterol analyses
were carried out using a CHOD-PAP method (Dade Behring).
Triacylglycerol was measured with the GPO-PAP-method (TGL Flex,
Dade Behring). Serum creatinine was determined using a modified
kinetic Jaffé reaction [13]. HbAlc was measured with a reverse-phase
cation-exchange High Pressure Liquid Chromotography (HPLC)
method (Menarini, analyzer HA 8160). Hematological parameters were
determined from fresh venous EDTA blood samples by impedance
measurements (Coulter® LH 780, Beckman Coulter GmbH, Krefeld)
[16].

Statistical analyses

The Chi’-Test was used to test differences in prevalence. A general
linear model was used to compare means (F-Test). We performed
multinomial logistic regression analyses using the SAS procedure
PROC LOGISTIC to study the association of different hematological
parameters with different categories of impaired glucose regulation
[17]. In these analyses the categorical dependent outcome had six
groups (NGT, i-IFG, i-IGT, IFG/IGT, NDD, and known diabetes) and
the reference group for comparison was NGT. Two models were fitted:
The first model included the respective hematological parameter, age
(continuous) and sex. The second, multivariable multinomial regression
model included in addition to the respective hematological parameter
age, sex, hypertension (yes/no), physical activity (active/inactive),
regular smoking (yes/no), alcohol intake (gender-specific categories),
total cholesterol (continuous), HDL cholesterol (continuous), serum
creatinine (continuous), and BMI (continuous). Odds Ratios (OR) and
95% Confidence Intervals (95% CI) were computed for a 1 Standard
Deviation (SD) increase of the respective hematological parameter.
An OR is a measure of association between an exposure and an
outcome. The OR represents the odds that an outcome (in this study
i-IFG, i-IGT, IFG/IGT, NDD, and known diabetes) will occur given
a particular exposure (in this study an increase of the hematological
parameters HCT, HGB, PC, MPV, and WBC count), compared to the
odds of the outcome occurring in the absence of that exposure. The OR
is calculated by the formula:

(n) exposed cases/(n) unexposed cases

OR =
(n) exposed non —cases / (n) unexposed non —cases

Linearity was checked by including a quadratic term of the
respective hematological variable in the model. Because the p-values
of the quadratic terms were not significant, linearity could be assumed
for all investigated parameters. We tested for interaction between the
different hematological parameters and sex on the risk of impaired
glucose regulation categories. A p-value of <0.05 was considered
statistically significant. All analyses were performed with SAS software
version 9.2. (SAS Institute, Inc., Cary, NC, USA).

Results

Characteristics of the study sample according to glucose tolerance
categories are shown in Table 1. Persons with prediabetes (i-IFG, i-IGT,
or IFG/IGT), and newly diagnosed diabetes, but not persons with known
diabetes had higher HCT, and HGB levels than reference subjects with
NGT. As compared to the NGT group, persons with prediabetic states,
NDD or known diabetes had lower platelet counts and higher WBC
counts, they were older, more likely to be less educated, had a higher
BMI or waist circumference, as well as a higher systolic and diastolic
blood pressure. Individuals with prediabetes, NDD or known diabetes
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NGT i-IFG i-IGT IFG/IGT NDD Known T2DM P value

(n=2,130) (n=113) (n=315) (n=69) (n=108) (n=228)
Age (years) 52.8 (12.6) 61.3(10.8) 63.7 (11.3) 64.3 (9.1) 65.3 (10.4) 67.5(9.1) <0.0001
Male sex (%) 45.5 66.4 46.7 60.9 56.5 59.2 <0.0001
Education (<12 years, %) 56.1 55.8 66.7 59.4 63.0 724 <0.0001
BMI (kg/m?) 26.6 (4.3) 29.8 (4.6) 29.5 (4.8) 30.8 (5.0) 31.1(4.4) 31.2(5.4) <0.0001
Waist circumference (cm) 90.5 (12.8) 102.4 (12.5) 98.7 (14.2) 104.9 (13.4) 104.5 (11.2) 105.2 (12.7) <0.0001
Systolic blood pressure (mm Hg) 119.1 (17.4) 130.8 (19.4) 126.4 (19.3) 134.2 (16.6) 131.6 (17.6) 132.8 (19.9) <0.0001
Diastolic blood pressure (mm Hg) 74.7 (9.7) 77.4 (9.9) 75.5(10.6) 81.0(9.3) 77.1(11.1) 74.5(10.5) <0.0001
Actual hypertension (%) 27.5 54.0 54.9 69.6 77.8 79.4 <0.0001
Hematocrit (/1) 0.41 (0.03) 0.42 (0.03) 0.42 (0.03) 0.43 (0.03) 0.42 (0.04) 0.41 (0.04) <0.0001
Hemoglobin (g/1) 139.9 (12.6) 143.6 (11.1) 142.5 (12.0) 146.3 (11.2) 143.6 (13.0) 139.4 (12.8) <0.0001
Platelet count (/nl) 257.1 (61.2) 254.0 (61.8) 251.9 (68.4) 234.6 (55.7) 249.1 (63.4) 237.4 (62.4) <0.0001
Mean platelet volume (fl) 8.9(0.9) 8.9(1.1) 8.9(0.9) 9.1(0.9) 8.9 (1.0) 9.1(1.0) 0.0310
White blood cell count (/nl) 5.6(1.3) 5.8 (1.3) 6.0 (1.3) 6.0 (1.3) 6.6 (1.3) 6.4 (1.3) <0.0001
Total cholesterol (mmol/l) 5.6 (1.0) 5.8(1.1) 58(1.1) 5.9 (1.0) 57(1.1) 5.2(1.0) <0.0001
HDL cholesterol (mmol/l) 1.5(0.4) 1.3(0.3) 1.4 (0.4) 1.3(0.3) 1.2(0.3) 1.3(0.3) <0.0001
Triacylglycerol (mmol/l)? 1.1(1.7) 1.6 (1.6) 1.4 (1.6) 1.8(1.8) 1.8 (1.8) 1.6 (1.8) <0.0001
Creatinine (umol/l)? 76.9 (1.2) 81.1(1.2) 79.4 (1.2) 83.5(1.2) 83.6 (1.3) 86.7 (1.3) <0.0001
Fasting glucose (mmol/l)? 5.1(1.1) 6.3 (1.0) 53(1.1) 6.5(1.0) 6.7 (1.2) 7.5(1.3) <0.0001
2h-glucose (mmol/I?) 5.3(1.3) 6.0(1.2) 8.9(1.1) 9.2(1.1) 11.6 (1.3) <0.0001
HbA1c value (%) 5.4 (0.3) 5.7 (0.3) 5.6 (0.3) 5.9 (0.3) 6.2 (0.9) 6.8 (1.1) <0.0001
HbA1c value (mmol/mol) 35.1(3.3) 38.8 (3.5) 37.5(3.5) 40.7 (3.8) 44.2 (9.6) 51.1(11.8) <0.0001
Alcohol intake (%)
0 g/day 28.8 31.0 31.1 24.6 30.6 421 0.0025
0.1-19.9g (w)/day/0.1-39.9g/day (m) 54.0 451 53.0 50.7 47.2 43.0
> 20.0 g/day (w)/ = 40 g/day (m) 17.2 23.9 15.9 246 22.2 14.9
Regular smoking (%) 17.7 9.7 6.7 8.7 1.1 10.5 <0.0001
Physically active during leisure time (%) 58.3 451 49.5 53.6 47.2 36.4 <0.0001

NGT: Normal Glucose Tolerance; I-IFG: Isolated Impaired Fasting Glucose; I-IGT: Isolated Impaired Glucose Tolerance; NDD: Newly Detected Diabetes; ageometric mean

(geometric SD)

Table 1: Study characteristics - means (SD) or percentages - by NGT, i-IFG, i-IGT, IFG/IGT, NDD, and known Type 2 Diabetes Mellitus (T2DM), persons aged 32-81 years

(N=2,963), KORA F4 study.

more often suffered from hypertension. Prediabetic states and NDD
as well as known diabetes were related to lower HDL cholesterol,
higher triacylglycerols, higher creatinine values, non-smoking, and
lack of physical activity. As compared to the NGT group, persons with
prediabetes or NDD had higher total cholesterol values, while persons
with known diabetes had lower total cholesterol values.

There were significant interactions between HCT, HGB, and WBC
count and sex regarding the risk of some prediabetic/diabetic states.
Therefore, the analysis was also stratified by sex.

The results of the multinomial regression analysis for the total
sample are given in Table 2. In the age- and sex-adjusted model the
OR per SD increment of HGB was 1.50 (95% CI 1.28-1.75) for i-IGT,
1.92 (95% CI 1.41-2.62) for IFG/IGT, and 1.48 (95% CI 1.15-1.90) for
NDD. Further adjustment for smoking status, alcohol intake, physical
activity, actual hypertension, total cholesterol, HDL cholesterol,
creatinine values, and BMI somewhat attenuated the associations, but
the ORs per SD HGB increment were still significantly increased for
the i-IGT and IFG/IGT group compared to persons with NGT, while
the association with NDD became non-significant. In stratified analysis
(Table 3) these associations were found in women only; in men no
significant association between HGB and prediabetic states and NDD
could be found after multivariable adjustment. However, in males there
was a significantly inverse association between HGB levels and known
diabetes even after multivariable adjustment (Table 3).

In the total sample HCT values were significantly associated
with i-IGT, IFG/IGT, and NDD in the age- and sex-adjusted analysis
(Table 2). After multivariable adjustment, the associations remained
significant for all three groups: the OR per SD increment of HCT was
1.33 (95% CI 1.12-1.57) for i-IGT, 1.48 (95% CI 1.08-2.04) for IFG/
IGT, and 1.29 (95% CI 1.00-1.66) for NDD. The same significant
associations were also found in women (Table 3). Contrary, in men
no associations between HCT values and prediabetic states and NDD
were found, but there was a significant inverse relationship of HCT
with known diabetes in the age- and sex-adjusted and multivariable
adjusted models (Table 3).

There was no significant association between platelet count and
prediabetes groups as well as NDD in the total sample; however, in
the age- and sex-adjusted analysis PC was significantly inversely
associated with known diabetes (OR 0.84; 95% CI 0.72-0.99) (Table
2). This association lost significance after multivariable adjustment in
the total sample. In stratified analysis there was no relationship of PC
with prediabetes, NDD and known diabetes in women, but in men,
we found no association between PC and prediabetes as well as NDD,
but a significantly inverse association between PC and known diabetes
even after multivariable adjustment (Table 3).

MPV showed a significant association only with known diabetes
in the age- and sex-adjusted model and in the multivariable adjusted
model (OR per SD increment 1.19; 95% 1.02-1.38) in the total sample
(Table 2). In stratified analyses, there was also a significant association
with known diabetes in both sexes in the age-adjusted models. After
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NGT i-IFG i-IGT IFG/IIGT NDD Known diabetes
(n=2,130) (n=113) (n=315) (n=69) (n=108) (n=228)
Hemoglobin OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% CI)
aModel 1 1.00 1.19 (0.93-1.51) 1.50 (1.28-1.75) 1.92 (1.41-2.62) 1.48 (1.15-1.90) 0.92 (0.77-1.09)
®Model 2 1.00 1.03 (0.80-1.33) 1.37 (1.16-1.62) 1.63 (1.18-2.26) 1.26 (0.97-1.63) 0.90 (0.75-1.09)
Hematocrit
aModel 1 1.00 1.15 (0.91-1.46) 1.43 (1.23-1.67) 1.69 (1.25-2.29) 1.47 (1.15-1.87) 0.91 (0.77-1.07)
®Model 2 1.00 1.02 (0.79-1.30) 1.33 (1.12-1.57) 1.48 (1.08-2.04) 1.29 (1.00-1.66) 0.89 (0.74-1.07)
Platelet count
aModel 1 1.00 1.11 (0.92-1.33) 0.99 (0.87-1.12) 0.78 (0.60-1.03) 1.00 (0.82-1.22) 0.84 (0.72-0.99)
®Model 2 1.00 1.11 (0.92-1.35) 0.99 (0.86-1.12) 0.80 (0.60-1.06) 1.02 (0.84-1.25) 0.88 (0.75-1.03)
Mean platelet volume
aModel 1 1.00 1.10 (0.91-1.33) 1.04 (0.86-1.27) 1.24 (0.99-1.56) 1.04 (0.86-1.27) 1.27 (1.11-1.46)
®Model 2 1.00 1.08 (0.89-1.31) 1.02 (0.90-1.16) 1.18 (0.93-1.49) 0.98 (0.80-1.20) 1.19 (1.02-1.38)
White blood cell count
aModel 1 1.00 1.15(0.93-1.44) 1.47 (1.30-1.67) 1.37 (1.06-1.76) 1.68 (1.44-1.96) 1.61 (1.40-1.84)
®Model 2 1.00 1.09 (0.85-1.38) 1.46 (1.27-1.66) 1.27 (0.97-1.68) 1.55 (1.31-1.83) 1.43 (1.23-1.66)

NGT: Normal Glucose Tolerance; i-IFG: Isolated Impaired Fasting Glucose; i-IGT: Isolated Impaired Glucose Tolerance; NDD: Newly Detected Diabetes;
Odds ratio (OR) expressed per SD-increment; significant findings are highlighted in bold characters
aModel 1: adjusted for age and sex
®Model 2: adjusted for age, sex, actual hypertension, regular smoking, physical activity, alcohol intake, total cholesterol, HDL cholesterol, creatinine, and BMI

Table 2: Association of hematological parameters with i-IFG, i-IGT, IFG/IGT, NDD, and known diabetes (comparisons with NGT), KORA F4 study, total sample (N=2,963).

Men (n=1,429)

NGT
(n=969)

i-IFG
(n=75)

i-IGT
(n=147)

IFG/IGT
(n=42)

NDD
(n=61)

Known diabetes
(n=135)

Hemoglobin OR (95% Cl) OR (95% CI) OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95% CI)
aModel 1 1.00 1.09 (0.81-1.46) 1.39 (1.11-1.74) 1.54 (1.04-2.27) 1.37 (0.99-1.89) 0.80 (0.64-0.99)
®Model 2 1.00 0.96 (0.70-1.31) 1.23 (0.97-1.57) 1.31 (0.86-1.97) 1.17 (0.83-1.64) 0.78 (0.62-0.98)
Hematocrit

@Model 1 1.00 1.06 (0.80-1.42) 1.30 (1.05-1.62) 1.35(0.92-1.96) 1.35(0.98-1.85) 0.77 (0.62-0.96)
®Model 2 1.00 0.95 (0.69-1.29) 1.16 (0.92-1.47) 1.16 (0.77-1.73) 1.18 (0.84-1.64) 0.75 (0.59-0.94)
Platelet count

aModel 1 1.00 1.06 (0.84-1.33) 1.02 (0.86-1.22) 0.76 (0.53-1.08) 0.91 (0.70-1.20) 0.76 (0.62-0.95)
®Model 2 1.00 1.10 (0.87-1.39) 1.04 (0.86-1.25) 0.79 (0.55-1.14) 0.97 (0.74-1.28) 0.79 (0.64-0.98)
Mean platelet volume

aModel 1 1.00 1.09 (0.86-1.38) 0.98 (0.82-1.18) 1.27 (0.95-1.71) 1.00 (0.76-1.30) 1.27 (1.05-1.53)
®Model 2 1.00 1.05 (0.83-1.35) 0.95 (0.78-1.15) 1.18 (0.86-1.60) 0.90 (0.68-1.19) 1.19 (0.97-1.45)
White blood cell count

aModel 1 1.00 1.03 (0.78-1.35) 1.37 (1.16-1.61) 1.18 (0.85-1.63) 1.41 (1.16-1.71) 1.34 (1.13-1.59)
®Model 2 1.00 1.01 (0.74-1.36) 1.32 (1.11-1.58) 1.11 (0.77-1.59) 1.33 (1.07-1.66) 1.18 (0.98-1.43)
Women (n=1,534) (n=1,161) (n=38) (n=168) (n=27) (n=47) (n=93)

Hemoglobin

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

aModel 1 1.00 1.33 (0.86-2.07) 1.64 (1.30-2.07) 2.72 (1.61-4.62) 1.66 (1.11-2.47) 1.19 (0.89-1.58)
®Model 2 1.00 1.16 (0.73-1.82) 1.60 (1.25-2.06) 2.44 (1.41-4.23) 1.50 (0.98-2.29) 1.18 (0.86-1.62)
Hematocrit

@Model 1 1.00 1.26 (0.83-1.93) 1.60 (1.28-2.00) 2.41 (1.44-4.01) 1.63 (1.11-2.41) 1.20 (0.90-1.59)
®Model 2 1.00 1.11 (0.71-1.72) 1.57 (1.23-2.00) 2.20 (1.29-3.76) 1.56 (1.02-2.38) 1.21 (0.88-1.66)
Platelet count

aModel 1 1.00 1.19 (0.87-1.63) 0.96 (0.80-1.14) 0.81 (0.53-1.25) 1.12 (0.84-1.50) 0.96 (0.76-1.21)
®Model 2 1.00 1.16 (0.84-1.60) 0.95 (0.79-1.14) 0.81 (0.52-1.27) 1.13 (0.83-1.53) 1.01 (0.78-1.29)
Mean platelet volume

@Model 1 1.00 1.12 (0.82-1.54) 1.10 (0.93-1.29) 1.19 (0.82-1.72) 1.10 (0.82-1.47) 1.26 (1.02-1.55)
®Model 2 1.00 1.11 (0.81-1.52) 1.09 (0.92-1.29) 1.16 (0.79-1.70) 1.06 (0.79-1.44) 1.18 (0.94-1.48)
White blood cell count

aModel 1 1.00 1.37 (0.95-1.98) 1.51 (1.25-1.82) 1.70 (1.13-2.55) 2.19 (1.68-2.84) 2.07 (1.67-2.57)
®Model 2 1.00 1.16 (0.76-1.76) 1.56 (1.27-1.91) 1.54 (0.98-2.41) 1.87 (1.39-2.52) 1.84 (1.43-2.38)

NGT: Normal Glucose Tolerance; i-IFG: Isolated Impaired Fasting Glucose; i-IGT: Isolated Impaired Glucose Tolerance; NDD: Newly Detected Diabetes; Odds ratio (OR)
expressed per SD-increment; significant findings are highlighted in bold characters; 2Model 1: adjusted for age ; "Model 2: adjusted for age, actual hypertension, regular
smoking, physical activity, alcohol intake, total cholesterol, HDL cholesterol, creatinine, and BMI

Table 3: Gender-specific association of hematological parameters with i-IFG, i-IGT, IFG/IGT, NDD, and known diabetes (comparisons with NGT), KORA F4 study.

multivariable adjustment this relationship became non-significant in
both men and women (Table 3).

i-IGT, IFG/IGT, NDD, and known diabetes in the age- and sex-adjusted
analysis. After multivariable adjustment the associations with i-IGT

In the whole sample WBC count was significantly associated with (OR 1.46; 95% CI 1.27-1.66), NDD (OR 1.55; 95% CI 1.31-1.83), and
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known diabetes (OR 1.43; 95% CI 1.23-1.66) remained significant, but
the relationship with IFG/IGT lost significance (Table 2). In stratified
multivariable analysis, there was a significant association between
WBC count and i-IGT and NDD in men, while in women a significant
association between WBC count and i-IGT, NDD, and known diabetes
was found (Table 3).

Discussion

In the present population based study, HGB and HCT
concentrations were significantly associated with i-IGT and IFG/
IGT after multivariable adjustment. WBC count showed a significant
relationship with i-IGT, NDD, and known diabetes. In addition,
while we observed no significant association between platelet count
and impaired glucose regulation, MPV was significantly associated
with known diabetes only. The observed associations were stronger in
women than in men.

Most studies on this issue included men only or did not conduct
sex-specific analysis [5-12]. Thus, the present study confirms prior
findings on an association between HCT, WBC count and diabetes and
extends the current knowledge regarding the sex-specific relationship
of different hematological parameters and prediabetic states in persons
from the general population.

Several prior studies investigated the association between HCT
levels and the incidence of type 2 diabetes [5-8]. In the Atherosclerosis
Risk in Communities (ARIC) study elevated levels of HCT and whole
blood viscosity were associated with insulin resistance and were
independent predictors of type 2 diabetes [8]. A study conducted
in Pima Indians has found, that HCT predicted diabetes after
multivariable adjustment (HRR per 5% difference in blood hematocrit
1.40; 95% CI 1.28-1.53) [7]. This was also the case, when restricting the
analysis to persons with HCT measurements within the normal range
[7]. In the present study, HCT levels were associated with NDD only
and not with known diabetes. This could possibly be due to the fact
that in our study persons with known and thus treated diabetes had
lower HCT values than all other glucose tolerance groups and even
those with NGT. Furthermore, we could show a significant association
between HCT levels and i-IGT and IFG/IGT even after adjustment for
a variety of confounding variables.

We also found a significant relationship of HGB concentrations
and i-IGT and IFG/IGT. So far, no population-based studies on the
association between HGB values and diabetes or prediabetic states
are available. A very recent prospective study conducted in Japanese
community-dwelling persons reported that hematological parameters
including red blood cell count, HCT, and HGB are independently
associated with insulin resistance [18]. Furthermore two other studies
showed a relationship between HGB and metabolic syndrome [19,20].

Prior studies have found that hematological parameters play an
important role in insulin resistance [21,22]. The pathophysiological
mechanisms by which HCT could influence glucose metabolism are
not entirely clear. Insulin increases the transcapillary movement of
albumin and as a consequence the plasma volume will decrease and
cause an increase of the HCT [23]. Higher HCT levels imply higher
blood viscosity, which may predispose to insulin resistance and type
2 diabetes by limiting delivery of glucose, insulin, and oxygen to
metabolically active tissues [24]. HGB is an important Nitric Oxide
(NO) buffer and a modulator of NO bioavailability and thus involved
in the regulation of endothelial function [25]. Additionally, there is

a positive association between hemoglobin and sCD40L level, a pro-
inflammatory marker released by activated platelets, which predicts
cardiovascular events in patients with high-risk atherosclerotic lesions
and is elevated in persons with prediabetes and diabetes [26-28].

In the present study we could show that WBC count was
significantly associated with NDD, known diabetes, and i-IGT. This
finding is in accordance with prior studies, suggesting an association
between WBC count and diabetes as well as IGT [9,10,29-31]. WBC
count is a marker of systemic inflammation and may thus be involved
in the pathophysiology of prediabetic states and subsequently in the
manifestation of diabetes [29,30].

While we found no association between PC and impaired
glucose regulation, MPV was associated with known diabetes after
multivariable adjustment in the present study. Several earlier studies
have reported a positive association between MPV and fasting plasma
glucose levels in persons with diabetes [32,33]. Coban et al. found in
their study, that subjects with IGT tend to have increased MPV levels
[11]. MPV is an indicator for an increased platelet activity and thus
thrombogenic activation, which may play a role in the development of
vascular complications in persons with type 2 diabetes. A recent study
found that MPV was significantly higher in persons with diabetes
than in non-diabetic persons and that MPV was strongly correlated to
fasting and postprandial glucose levels as well as HbAlc values [34]. In
another study conducted in 1876 Japanese subjects MPV was higher in
persons with prediabetes in comparison with NGT subjects [35]. Our
results underscore the findings of prior studies indicating that elevated
MPV may be involved in the development of vascular complications in
persons with known diabetes.

In the present study, the associations between the hematological
parameters and prediabetic/diabetic states were stronger in women
than in men. Hence, hematological parameters may play a possible
role in the early development of type 2 diabetes, particularly in women.
Furthermore, there were strong associations found between the
single hematological parameters and i-IGT, but no relationships with
i-IFG. Although the prediabetc states i-IGT and i-IFG are associated
with a high risk for type 2 diabetes, they manifest distinct metabolic
abnormalities [36]. Both insulin resistance and impaired beta cell
function contribute to the development of IGT and IFG, but subjects
with IGT have predominantly increased insulin resistance in skeletal
muscle, while persons with IFG have predominantly increased hepatic
insulin resistance [36]. Further research is necessary to confirm or
refute the present findings and to investigate the role of hematological
parameters in the etiology of peripheral insulin resistance, particularly
in women.

The cross-sectional design of the study represents a limitation,
implicating that cause and effect relationships cannot be discerned.
We cannot exclude that unknown risk factors may have biased or
confounded the present analysis. Because the analyses were based on
a follow-up examination of the population-based KORA $4 study, it
could be argued whether or not the responders are representative of
the initial population-based sample. The non-responders in the KORA
F4 study were for example younger, had lower total cholesterol values,
were more often smokers, and physically inactive than the participants.
But with respect to other important risk factors for diabetes such as
BMI and hypertension there were no differences between the two
groups [37]. The strength of the study is the inclusion of a large number
of individuals randomly drawn from the general population, and the
availability of data on lifestyle and multiple metabolic risk factors.
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Conclusions

The hematological parameters HGB and HCT were significantly
associated with IGT, particularly in women from the general population.
WBC count was related to IGT as well as NDD and known diabetes -
also more pronounced in women. Thus, it seems that hematological
parameters may play a role in the early development of type 2 diabetes.
Further research is necessary to study the sex-specific contribution of
hematological parameters to the pathogenesis of prediabetic states and
finally to the manifestation of type 2 diabetes.
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