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Abstract
Purpose – The elevated white blood cells (WBCs) count has been reported to be a predictor of
cardiovascular diseases, diabetes, hypertension and metabolic syndrome. This study aims to determine the
associations betweenWBCs count and obesity in apparently healthy young adults.
Design/methodology/approach – In this cross-sectional study, the authors evaluated the body mass
index (BMI) in 392 apparently healthy young adults of both sexes. The WBCs count was measured using
standard counter techniques. The inclusion criteria were the agreement to participate in the study, between 18
and 25 years of age, lack of self-reported diseases such as cardiovascular diseases, hypertension, kidney and
infectious diseases.
Findings – According to the BMI classification, underweight and overweight or obesity were observed in
14.58 and 11.48 per cent of young adults, respectively. The mean WBC was 6.56 1.5 (�103 cells/mL). Higher
values of WBCs were found in women than in men (p = 0.02). The young adults with higher BMI had a higher
WBCs count. There was a positive correlation between WBCs count and weight and BMI (r = 0.19 and r =
0.22, p< 0.001, respectively).
Research limitations/implications – This research was a cross-sectional study. Future studies are
suggested using longitudinal studies to examine more relationships between obesity and WBCs count in
apparently healthy young adults.
Practical implications – The results of this study provide evidence for weight management in this age
group to reduce diseases associated with increasedWBCs count.
Originality/value – The WBCs count was related to increasing levels of BMI per cent 2 C even in the
normal range.
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Nomenclature
BMI = body mass index; and
WBC = white blood cell

1. Introduction
Blood cells count is the most routine test that is requested to check the health of individuals.
This test, in addition to simplicity, speeds and cheap, results in incredible findings
(Adewumi et al., 2014). In recent years, white blood cells (WBCs) have been considered as an
inflammatory factor (Chung et al., 2016). The elevatedWBCs count has widely recognized in
association with several diseases such as metabolic syndrome (Yang et al., 2017),
cardiovascular disease (Lassale et al., 2018), diabetes (Gu et al., 2018), hypertension (Sun
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et al., 2015), non-alcoholic fatty liver (Chung et al., 2016), polycystic ovary syndrome
(Papalou et al., 2015), infections and chronic inflammation (Dixon and O’Brien, 2006) and
even mortality (Kabat et al., 2017). Today, the predictive value of WBCs for the diseases is
considered similar to total cholesterol (Panagiotakos et al., 2005; Kabat et al., 2017).

A relationship between central and general adiposity and WBC count has been reported
(Jamshidi and Seif, 2017). The recent report suggests a steadily increasing trend of obesity in
young adults (Poobalan and Aucott, 2016). Based on the global status report on non-
communicable diseases, the prevalence of obesity has been increased from 21.7 per cent in
2010 to 24.9 per cent in 2014 in Iran (World Health Organization, 2014). These findings
indicate the rapid growth of obesity during recent years in this country.

Undoubtedly, determining the causes of increasing the WBCs count and reducing these
factors can help to reduce some diseases. To date, a few studies have focused on the WBCs
count in apparently healthy young adults. Therefore, considering the importance of the
problem, the present study was aimed to determine the existing relationship among weight,
BMI and the WBCs count in apparently young adults between 18 and 25 years of age, while
most participants are within the normal range of body mass index (BMI). Establishing the
associationWBC andweight and BMI will be useful, particularly in clinical applications.

2. Design/methodology/approach
2.1 Subjects
This cross-sectional study was conducted on 392 young adults in Ardabil city, the
northwest of Iran during 2017 using simple random sampling. The participants were
apparently healthy individuals (208 non-pregnant/non-lactating women and 184 men)
without self-reported hypertension, congestive heart failure, kidney diseases, liver diseases,
hematological disorders, inflammation and infectious diseases, 18-25 years of age. Study
participants were referred to a private nutrition clinic for determining nutritional status.
They had no participation in weight loss programs including self-imposed or formal diet
and regular heavy physical activities in the previous three months. Written information,
including the aim of the study and the security of personal information, was given to each
subject. A written consent document was obtained from the participants. The protocol of the
study was approved by the Ethics Committee of Ardabil University of Medical Sciences.

2.2 Data collection
Data collection was conducted before any nutritional intervention. Participants’ body weight
was measured in light clothing and without shoes using a balanced scale (Omron BF511),
which records body weight to the nearest 0.1 kg. Height was measured using a wall-
mounted stadiometer and recorded to the nearest 0.1 cm. The BMI was calculated as weight
(kg) divided by squared height (m2) of each participant. Based on the World Health
Organization’s definitions, BMI< 18.5, 18.5-24.9, 25-29.9 and� 30 kg/m2 were considered as
underweight, normal weight, overweight and obesity class, respectively (WHO Expert
Committee, 1995).

The participants were referred to the laboratory after receiving the participant’s
information, obtaining an informed consent form and anthropometric measurements. The
blood sampling was performed in the morning (8-10 a.m.). Finally, the WBCs count was
done using the Swelab autocounter (Swelab, Stockholm, Sweden).

2.3 Data analysis
Data were analyzed using statistical package for social sciences (SPSS version 21.0 for
Windows). Before any statistical analysis, normal distribution and homogeneity of the
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variances were tested. Continuous variables and categorical variables were presented as
mean values and standard deviation and proportions (percentages), respectively. Differences
were considered significant at p < 0.05. Independent t-test and chi-square (x 2) were used to
examine differences between women and men for continuous data and categorical data,
respectively. Two-way ANOVA and post-test Tukey were used to examine the difference
between different classes of BMI and gender. Pearson and Spearman correlation coefficients
were done to investigate the relationship between quantitative and qualitative variables,
respectively.

3. Results and discussion
The present study focused on obesity and its relationship with the WBCs count in
apparently healthy young people. The general characteristics of the subjects were shown in
Table I. In this study, because of the lower prevalence of obesity among the samples, the
overweight and obesity classes were merged and considered as a unit class in the analysis.
According to the distribution of BMI, underweight, normal weight and overweight or
obesity, was observed in 14.44, 73.98 and 11.48 per cent of the participants, respectively.

In developing countries, the prevalence of overweight and obesity has been reported 28.8
and 2.3-12 per cent in young people, respectively (Poobalan and Aucott, 2016). The national
study has been considered overweight as a health problem in Iran (Janghorbani et al., 2007).
It is important to note that many people at this age (18-25 years of age) endure changes in
their lifestyle such as going to college (Swanson, 2016), marriage (Liao et al., 2018),
pregnancy experience (Mamun et al., 2018) and start work (Linne et al., 2003). These changes
may lead to obesity, and thus, more attention should be paid to managing weight in young
people.

The mean of WBC count was 6.486 1.50 (�103 cells/mL). Based on the results, the
WBCs count was higher in women than in men. It should be noted that a clear indication of
the increased risk of total mortality atWBC counts greater than 6.5 (�103 cells/mL) has been
reported (Nilsson et al., 2014; Kabat et al., 2017). This result shows more attention to WBC
count even in apparently healthy people. Table II shows WBCs count based on BMI
classification and gender. Based on the results, by increasing BMI, the mean of WBCs count
was increased. Also, the mean WBC count varies according to the distribution of BMI in
men and women. In both sexes, the WBCs count was increased with increasing BMI. The
elevated WBCs count in obese persons compared with those with normal BMI has been
reported in other studies (Kullo et al., 2002; Lee et al., 2010; Farhangi et al., 2013).

The elevatedWBCs count is associated with many other factors such as low age (Higuchi
et al., 2016), male sex (Higuchi et al., 2016), high blood lipids, diabetes (Jee et al., 2015) and
high blood pressure (Imano et al., 2007; Lee et al., 2009). In this study, we examined the
relationship between age, sex and BMI of individuals with WBCs count. The correlations

Table I.
General

characteristics of the
subjects

Variable Total population Women Men p-value

Age (years) 19.56 1.6 19.46 1.6 19.56 1.7 0.5
Weight (kg) 60.56 11.4 54.76 8.6 67.46 10.5 <0.001*
BMI (kg/m2) 21.46 1.2 21.26 3.2 21.66 3.1 0.1
WBC count (�103 cells/mL) 6.56 1.5 6.66 1.5 6.36 1.5 0.02*

Notes: Total population: n = 392, women: n = 208 and men: n = 184. p-values were measured by
independent t-test and the significant level was set a p< 0.05. Values were represented as Mean6 SD
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between body weight and BMI with WBCs count were shown in Figure 1. According to the
results, a positive and significant correlation was observed between the above variables.
The relationship between gender and WBC count was significant. According to the results,
the meanWBCs count was higher in women than in men. This finding is consistent with the
Jamshidi and Seif (2017) study and contradicts other studies (Jee et al., 2005; Imano et al.,
2007; Lee et al., 2009; Higuchi et al., 2016). In this study, having polycystic ovary syndrome
was not a criterion for not entering the study. The prevalence of this syndrome, according to
NIH and Rotterdam criteria, has been reported to 6-9 (Azziz et al., 2004) and 15 per cent
(March et al., 2009), respectively. It can be expected that a percentage of studied women will
have this syndrome. Increased WBCs have been reported in people with polycystic ovary
syndrome (Papalou et al., 2015). Then, this will ultimately lead to a minor increase in the
WBCs counts among studied women. In this study, there was no significant relationship
between age and WBC count. It may be argued that limiting the age range of participants
was the main reason.

Although most of the participants were in the normal weight range, the results showed
that even a slight increase in weight and BMI were associated with increased WBCs count.
These relationships have been confirmed both in cross-sectional (Jee et al., 2005; Imano et al.,
2007; Lee et al., 2009; Lee et al., 2010; Higuchi et al., 2016) and longitudinal studies (Higuchi
et al., 2016) in different situations and people. At present, obesity is considered an
inflammatory process (Ellulu et al., 2017) and WBCs are known as one of the markers of
inflammation (Hsieh et al., 2007; Lee et al., 2009; Gilbert-Diamond et al., 2012).

Figure 1.
Correlation between
WBC counts and
weight (a) and BMI
(b), test: linear
regression, WBC:
white blood cell and
BMI: bodymass
index, p< 0.05

Table II.
Mean and standard
deviation of WBC
count based on BMI
classification and
gender

WBC
BMI

<18.5 kg/m2 18.5-24.9 kg/m2 # 25 kg/m2

Total population 6.136 1.49 6.456 1.49 7.076 1.49
Women 6.606 1.26 6.596 1.55 7.046 1.53
Men 5.726 1.42 6.606 1.59 7.026 1.44

Notes: Total population: n = 392, women: n = 208 and men: n = 184. Based on the World Health
Organization’s definitions, BMI < 18.5, 18.5-24.9, 25-29.9 and � 30 kg/m2 were considered as underweight,
normal weight, overweight and obesity class. Because of the lower prevalence of obesity among the
samples, the overweight and obesity classes were merged and considered as a unit class in the analysis
(# 25 kg/m2). Two-way ANOVA followed by Tukey’s test with a significance of p < 0.05; data are
expressed as mean 6 SD; p < 0.05, women vs men; p < 0.001, underweight vs overweight or obese; p <
0.001 normal weight vs overweight or obese
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4. Limitation and implications
The strengths of the present study were using the large sample size and examining
apparently healthy individuals, but the selection of samples from the nutrition clinic can be
considered as the weakness of the present study. This does not affect the blood cell count; it
can reduce the generalizability of results to the whole population. Although inclusion
criteria were attempted with greater control, information on the existence of diseases was
self-reported and there may be misperceptions about reporting by individuals. Other
limiting factors included the lack of variation in body weight and the limited age range.
Future studies are suggested to examine more relationships between obesity and nutritional
balance andWBCs count using longitudinal studies in apparently healthy young people.

5. Conclusion
It can be concluded that increasing levels of BMI, even in the normal range is associated
with an increase in WBCs count among apparently healthy young people. Therefore, the
results of this study provide evidence for weight management in this age group to reduce
disease associated with increasedWBCs count.

References
Adewumi, A., Adeyemo, T.A., Akinsegun, A.A., Abidoye, G., Ebele, U. and Sulaimon, A.A. (2014), “Cord blood

full blood count parameters in Lagos, Nigeria”,PanAfricanMedical Journal, Vol. 17No. 1, p. 192.
Azziz, R., Woods, K.S., Reyna, R., Key, T.J., Knochenhauer, E.S. and Yildiz, B.O. (2004), “The prevalence

and features of the polycystic ovary syndrome in an unselected population”, The Journal of
Clinical Endocrinology andMetabolism, Vol. 89 No. 6, pp. 2745-2749.

Chung, G.E., Yim, J.Y., Kim, D., Kwak, M.S., Yang, J.I., Chung, S.J., Yang, S.Y. and Kim, J.S. (2016),
“Associations between white blood cell count and the development of incidental nonalcoholic
fatty liver disease”, Gastroenterology Research and Practice, Vol. 2016, available at: http://dx.doi.
org/10.1155/2016/7653689

Dixon, J.B. and O’Brien, P.E. (2006), “Obesity and the white blood cell count: changes with sustained
weight loss”,Obesity Surgery, Vol. 16 No. 3, pp. 251-257.

Ellulu, M.S., Patimah, I., Khaza’ai, H., Rahmat, A. and Abed, Y. (2017), “Obesity and inflammation: the
linking mechanism and the complications”, Archives of Medical Science, Vol. 13 No. 4,
pp. 851-863.

Farhangi, M.A., Keshavarz, S.A., Eshraghian, M., Ostadrahimi, A. and Saboor-Yaraghi, A.A. (2013),
“White blood cell count in women: relation to inflammatory biomarkers, haematological profiles,
visceral adiposity, and other cardiovascular risk factors”, Journal of Health, Population, and
Nutrition, Vol. 31 No. 1, pp. 58-64.

Gilbert-Diamond, D., Baylin, A., Mora-Plazas, M. and Villamor, E. (2012), “Chronic inflammation is
associated with overweight in Colombian school children”, Nutrition, Metabolism and
Cardiovascular Diseases, Vol. 22 No. 3, pp. 244-251.

Gu, Y., Hu, K., Huang, Y., Zhang, Q., Liu, L., Meng, G., Wu, H., Xia, Y., Bao, X., Shi, H. and Wang, H.
(2018), “White blood cells count as an indicator to identify whether obesity leads to increased
risk of type 2 diabetes”,Diabetes Research and Clinical Practice, Vol. 141, pp. 140-147.

Higuchi, T., Omata, F., Tsuchihashi, K., Higashioka, K., Koyamada, R. and Okada, S. (2016), “Current
cigarette smoking is a reversible cause of elevated white blood cell count: cross-sectional and
longitudinal studies”, PreventiveMedicine Reports, Vol. 4, pp. 417-422.

Hsieh, C.H., Pei, D., Kuo, S.W., Chen, C.Y., Tsai, S.L., Lai, C.L., Lee, C.H., Wu, C.Z., Hung, Y.J. and Hsieh,
M.C. (2007), “Correlation between white blood cell count and metabolic syndrome in
adolescence”, Pediatrics International, Vol. 49 No. 6, pp. 827-832.

White blood
cells count and

obesity

http://dx.doi.org/10.1155/2016/7653689
http://dx.doi.org/10.1155/2016/7653689


Imano, H., Sato, S., Kitamura, A., Kiyama, M., Ohira, T., Shimamoto, T. and Iso, H. (2007), “Leukocyte
count is an independent predictor for risk of acute myocardial infarction in middle-aged
Japanese men”,Atherosclerosis, Vol. 195 No. 1, pp. 147-152.

Jamshidi, L. and Seif, A. (2017), “Association between obesity, white blood cell and platelet count”,
Zahedan Journal of Research inMedical Sciences, Vol. 19 No. 2, p. e4955.

Janghorbani, M., Amini, M., Willett, W.C., Gouya, M.M., Delavari, A., Alikhani, S. and Mahdavi, A.
(2007), “First nationwide survey of prevalence of overweight, underweight, and abdominal
obesity in Iranian adults”,Obesity, Vol. 15 No. 11, pp. 2797-2808.

Jee, S.H., Park, J.Y., Kim, H.S., Lee, T.Y. and Samet, J.M. (2005), “White blood cell count and risk for all-
cause, cardiovascular, and cancer mortality in a cohort of Koreans”, American Journal of
Epidemiology, Vol. 162 No. 11, pp. 1062-1069.

Kabat, G.C., Kim, M.Y., Manson, J.E., Lessin, L., Lin, J., Wassertheil-Smoller, S. and Rohan, T.E. (2017),
“White blood cell count and total and cause-specific mortality in the women’s health initiative”,
American Journal of Epidemiology, Vol. 186 No. 1, pp. 63-72.

Kullo, I.J., Hensrud, D.D. and Allison, T.G. (2002), “Comparison of numbers of circulating blood
monocytes in men grouped by body mass index (< 25, 25 to< 30,� 30)”, The American Journal
of Cardiology, Vol. 89 No. 12, pp. 1441-1443.

Lassale, C., Curtis, A., Abete, I., van der Schouw, Y.T., Verschuren, W.M. and Lu, Y. (2018), “Elements
of the complete blood count associated with cardiovascular disease incidence: findings from the
EPIC-NL cohort study”, Scientific Reports, Vol. 8 No. 1, p. 3290.

Lee, Y.J., Shin, Y.H., Kim, J.K., Shim, J.Y., Kang, D.R. and Lee, H.R. (2010), “Metabolic syndrome and its
association with white blood cell count in children and adolescents in Korea: the 2005 Korean
national health and nutrition examination survey”, Nutrition, Metabolism and Cardiovascular
Diseases, Vol. 20 No. 3, pp. 165-172.

Lee, Y.J., Lee, J.W., Kim, J.K., Lee, J.H., Kim, J.H., Kwon, K.Y., Lee, H.R., Lee, D.C. and Shim, J.Y. (2009),
“Elevated white blood cell count is associated with arterial stiffness”, Nutrition, Metabolism and
Cardiovascular Diseases, Vol. 19 No. 1, pp. 3-7.

Liao, C., Gao, W., Cao, W., Lv, J., Yu, C., Wang, S., Li, C., Pang, Z., Cong, L., Dong, Z. and Wu, F. (2018),
“Association of educational level and marital status with obesity: a study of Chinese twins”,
Twin Research and Human Genetics, Vol. 21 No. 2, pp. 126-135.

Linne, Y., Dye, L., Barkeling, B. and Rössner, S. (2003), “Weight development over time in parous women–
the SPAWN study–15 years follow-up”, International Journal of Obesity, Vol. 27 No. 12, p. 1516.

Mamun, A.A., McIntyre, D.H., Najman, J.M., Williams, G.M., Khatun, M., Finlay, J. and Callaway, L.
(2018), “Young adult pregnancy status and the risk of developing overweight and obesity among
women and men”, Clinical Obesity, Vol. 8 No. 5, pp. 327-336, doi: 10.1111/cob.12262.

March, W.A., Moore, V.M., Willson, K.J., Phillips, D.I., Norman, R.J. and Davies, M.J. (2009), “The
prevalence of polycystic ovary syndrome in a community sample assessed under contrasting
diagnostic criteria”,Human Reproduction, Vol. 25 No. 2, pp. 544-551.

Nilsson, G., Hedberg, P. and Öhrvik, J. (2014), “White blood cell count in elderly is clinically useful in
predicting long-term survival”, Journal of Aging Research, Vol. 2014, available at: https://doi.org/
10.1155/2014/475093

Panagiotakos, D.B., Pitsavos, C., Yannakoulia, M., Chrysohoou, C. and Stefanadis, C. (2005), “The
implication of obesity and central fat on markers of chronic inflammation: the ATTICA study”,
Atherosclerosis, Vol. 183 No. 2, pp. 308-315.

Papalou, O., Livadas, S., Karachalios, A., Tolia, N., Kokkoris, P., Tripolitakis, K. and Diamanti-Kandarakis,
E. (2015), “White blood cells levels and PCOS: direct and indirect relationship with obesity and
insulin resistance, but not with hyperandogenemia”,HORMONES, Vol. 14 No. 1, pp. 91-100.

Poobalan, A. and Aucott, L. (2016), “Obesity among young adults in developing countries: a systematic
overview”, Current Obesity Reports, Vol. 5 No. 1, pp. 2-13.

NFS

http://dx.doi.org/10.1111/cob.12262
https://doi.org/10.1155/2014/475093
https://doi.org/10.1155/2014/475093


Sun, Y.T., Gong, Y., Zhu, R., Liu, X., Zhu, Y., Wang, Y., Qiu, Q., Qi, L. and Liang, J. (2015), “Relationship
between white blood cells and hypertension in Chinese adults: the cardiometabolic risk in
Chinese (CRC) study”, Clinical and Experimental Hypertension, Vol. 37 No. 7, pp. 594-598.

Swanson, W.M. (2016), “An opportunity to combat obesity lies in the at-risk college population”,
Journal of the American Association of Nurse Practitioners, Vol. 28 No. 4, pp. 196-203.

World Health Organization (1995), “Committee on Physical Status”, The Use and Interpretation of
Anthropometry, Report ofWHO expert committee, WHO, Geneva.

World Health Organization (2014), “Global status report on non-communicable diseases 2014”,
No.WHO/NMH/NVI/15.1, World Health Organization.

Yang, H., Fu, Y.Q., Yang, B., Zheng, J.S., Zeng, X.Y., Zeng, W., Fan, Z.F., Chen, M., Wang, L. and Li, D.
(2017), “Positive association between the metabolic syndrome and white blood cell counts in
Chinese”,Asia Pacific Journal of Clinical Nutrition, Vol. 26 No. 1, pp. 141-147.

Corresponding author
Fatemeh Ghannadiasl can be contacted at: ghannadiasl@uma.ac.ir

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

White blood
cells count and

obesity

mailto:ghannadiasl@uma.ac.ir

	Associations between white blood cells count and obesity in apparently healthy young adults
	Nomenclature
	1. Introduction
	2. Design/methodology/approach
	2.1 Subjects
	2.2 Data collection
	2.3 Data analysis

	3. Results and discussion
	4. Limitation and implications
	5. Conclusion
	References


