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ABSTRACT

This study investigated the association between hematologic inflammatory markers derived from complete blood counts and
obesity. We undertook a cross-sectional study that included self-reported healthy subjects above the age of 18 years from the
2011-2016 National Health and Nutrition Examination Survey, a US population database. Study parameters included mean
corpuscular volume, red cell distribution width, mean platelet volume, total platelet count, neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, and systemic immune-inflammation index. Body mass index was used as an index of obesity and was
correlated with each hematologic inflammatory marker. Our analysis found a statistically significant association between each
inflammatory parameter and higher body mass indices. We demonstrated an association between complete blood count—derived
indices of inflammation and obesity, and these results provide the basis for future studies using complete blood count—derived
variables and outcomes in patients with some chronic diseases.

KEYWORDS Complete blood count; inflammatory markers; neutrophil-to-lymphocyte ratio; NHANES; obesity; platelet-to-lymphocyte ratio; systemic immune-inflammation index

besity currently affects at least one-third of the
US adult population, and its prevalence is

Our study investigated the relation between hematologic
inflammatory markers and BMI in a large number of healthy

increasing each yealr.1 Based on data from the

2015-2016 National Health and Nutrition
Examination Survey (NHANES), over 39.8% of adults meet
the criteria for obesity, defined as a body mass index (BMI)
>30 kg/mz.2 Obesity has important health consequences
and increases the frequency of cardiac disease, diabetes, and
other diseases. In addition, several malignancies, including
breast cancer and colon cancer, occur more frequently in

participants to establish background information for future
clinical studies.

METHODS

Our study used data from NHANES (2011-2016),
a nationally representative cross-sectional survey of the
noninstitutionalized US adult population, administered every

obese individuals. Obesity causes low-grade inflammation, 2 years by the Centers for Discase Control and Prevention.

and this could contribute to the development of some of
these complications. Simple hematological indices can reflect
inflammation and have been associated with increases in
BMI. However, the magnitude of these associations remains
inconclusive and controversial, and the literature lacks
a nationally representative study that analyzes them.®*

It includes demographic and health questionnaires, a physical
examination, and laboratory tests. White blood cell (WBC)
counts, neutrophil counts, lymphocyte total
platelet counts, mean platelet volume (MPV), and red cell
distribution width (RDW) are reported as a part of complete

blood count (CBC) in the laboratory results.

counts,
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Table 1. Characteristics of the healthy male and female
subsamples, NHANES 2011-2016

Mean (SD) or n (%)

Variable Men (n = 3131) Women (n = 3201)
Age (years) 38.4 (13.6) 40.2 (13.6)
Body mass index (kg/m?) 27.4 (5.3) 27.2 (6.1)

Non-Hispanic white 1127 (62.0% 1169 (65.0%)

( ) (
Non-Hispanic black 669 (10.9%) 630 (10.7%)
Hispanic 712 (17.1%) 743 (14.5%)
Other races 623 (10.0%) 659 (9.8%)

NHANES indicates National Health and Nutrition Examination Survey.

Data from all subjects aged 18 and older (N = 17,969)
were retrieved from the data set. From the adult sample,
we defined a “healthy” subsample using questionnaire
responses. Based on question HDS010, “What would you
say your health in general is?” we retained individuals who
self-reported their health as “good,” “very good,” or
“excellent.” We excluded participants with self-reported
physician diagnoses of diabetes, asthma, hypertension, high
cholesterol, coronary heart disease, or congestive heart fail-
ure. Pregnant women were also excluded. The remaining
healthy  subpopulation included 3201 and
3131 men.

NHANES 2011-2016 laboratory tests were analyzed on
the Coulter HMX (Coulter Electronics Ltd, Bedfordshire,
England) using the ethylenediaminetetraacetic acid—mixed
blood sample from participants. The derived indices (neutro-
phil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, sys-

women

temic immune-inflammation index) were calculated using
CBC The neutrophil-to-lymphocyte ratio was

calculated as the ratio between the neutrophil count and

values.

the lymphocyte count. The platelet-to-lymphocyte ratio was
calculated as the ratio between the platelet count and the
lymphocyte count. The systemic immune-inflammation
index was calculated with the formula Platelet count X
Neutrophil count/Lymphocyte count.’

Analysis used Stata 15.1 with weighting for the complex
survey design of NHANES. Mean values for each CBC
marker were calculated for BMI categories recommended by
the World Health Organization® and the National Institutes
of Health.” Wald tests were used to estimate differences
between normal BMI (18.5 to <25 kg/mz) and other BMI
categories. For clarity of presentation, we used ordinary least
squares regression to predict each CBC marker with BMI as
a continuous variable. Supplementary analysis (not shown)
also ran ordinary least squares regression using BMI as a
categorical independent variable. In some cases, this form of
the BMI variable better predicted variation in some CBC
markers, but model fit was relatively consistent between both
forms. All analyses were split by gender, and ordinary least

18 Baylor University Medical Center Proceedings

squares regression models were adjusted for age and race/eth-
nicity. Model sample sizes varied depending on completeness
of values for each CBC marker. Scatterplots were used to dis-
play the relationship between BMI and systemic immune-
inflammation index, with a small number of systemic
immune-inflammation index outliers (value >3000; 1 man,
2 women) removed for clarity of presentation.

RESULTS

Table 1 reports sample characteristics for the healthy
male and female subsamples. The mean age was 38.4 years
for men and 40.2 years for women. The mean BMI was 27.4
kg/m2 for men and 27.2 kg/m2 for women.

Table 2 reports mean values for various inflammatory
markers derived from the CBC in individual BMI categories
based on the World Health Organization classification.
Ordinary least squares regression showed that BMI signifi-
cantly predicted variation in most CBC markers, but the
modest 7* values suggested that the individual contribution
of BMI was relatively small. NHANES values for all com-
mon CBC measures except for MPV were within typical ref-
erence ranges (7able 3).%? The lower MPV values from
NHANES may be a product of different instrumentation;
NHANES is a national sample that also publishes its own
CBC reference ranges with each data release.’

In the healthy adult male participants, RDW, total
platelet count, MPV, and the systemic immune-inflam-
mation index were significantly and positively correlated
with BMI (P < 0.05) (Table 4, Figure la). Statistically
significant inverse correlations with BMI were found for
mean corpuscular volume (MCV) and platelet-to-lympho-
cyte ratio. Moreover, mean MCV in each obesity class was
significantly lower than in participants with normal
BMIs. Figure 1a shows the positive relationship between
BMI and immune-inflaimmation index for
the health male sample.

In the healthy adult female participants, RDW, total
platelet count, neutrophil-to-lymphocyte ratio, and the
systemic immune-inflammation index were positively
associated with BMI (P < 0.05) (Figure 16). MCV was the
only inflammatory parameter that significantly decreased
with increasing BMI. BMI predicted CBC markers
differently by gender but was not a clearly better predictor of
variation for men or women across all CBC markers.

systemic

DISCUSSION

CBC is the easiest and simplest laboratory test that clini-
cians frequently order. Measuring the number of erythro-
cytes, leukocytes, and platelets can have important clinical
implications. In particular, significant decreases or increases
in cell counts usually represent an important clinical disease
process. In addition, analyzing indices derived from the CBC
potentially provides important information about disease
states, including chronic low-grade inflammation. We found
that hematologic inflammatory markers, including RDW,
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Table 2. Weighted mean and standard deviation of complete blood count values by body mass index category using data from
NHANES 2011-2016

Body mass index categories (kg/m?)

Variable <185 18.5 to <25 25 to <30 30 to <35 35 to <40 40+ Total
Male 1.8% 35.5% 35.6% 18.7% 5.4% 3.1%

Hb (g/dL) 14.8 (1.2) 15.0 (1.0 15.2 (1.0)* 15.3 (0.9)* 15.4 (0.9)* 151 (1.2 15.2 (1.0)
Het (%) 43.4 (3.7) 44.2 (3.0) 445 (2.9 447 2.7)* 451 (2.3)* 44.5 (3.1) 445 (2.9
WBC (10°/uL) 6.6 (2.2 6.8 (2.1) 6.9 (1.7) 72 (1.7)* 7.4 (1.7)* 9.0 (2.5)* 7.0 (1.9
NEUT (10%/uL) 40 (1.7) 4.0 (1.7) 39 (1.3 43 (1.9* 42 (1.3 56 (1.7)* 4.1 (1.5)
LYMPH (10%/pL) 1.8 (0.6)* 20(0.7) 2.1 (0.6)* 1(0.6)* 23 (0.7* 25 (0.9)* 2.1 (0.6)
MCV (fL) 91.7 (4.9) 90.4 (4.9 89.8 (4.3)* 88.8 (4.1)* 88.9 (4.8)* 86.8 (5.3)* 89.7 (4.6)
MCH (pg) 31.2 (1.7)* 30.7 (2.0) 30.6 (1.7) 30.4 (1.7)* 30.3 (2.0)* 29.5 (2.2)* 30.6 (1.8)
MCHC (g/dL) 34.3 (1.0) 34.2 (0.9 34.3(0.9) 34.4(0.9) 34.4 (0.9 344 (1.1) 34.3(0.9)
RDW (%) 13.0 (0.7) 13.0 (0.8) 13.0 (0.7) 13.1 (0.7) 13.1 (0.7) 13.4 (0.9)* 13.0 (0.8)
TPC (1 03/pL) 210.0 (44.6)* 223.1 (46.0) 224.7 (47.0) 228.7 (44.9) 228.3 (63.3) 254.5 (53.4)* 2259 (47.2)
MPV (fL) 8.1 (0.7) 8.3(0.8) 8.3 (0.8) 8.4 (0.9)* 8.5 (0.9)* 8.4 (0.7) 8.3 (0.8)
NLR 2.3 (1.1) 2.1 (1.1) 2.0 (0.9 21 (0.8) 2.0(0.7) 2.4 (0.8)* 21 (0.9
PLR 127.0 (47.5) 119.1 (39.9) 115.7 (37.6) 115.2 (35.9) 106.8 (30.0)* 109.8 (34.3) 116.4 (38.0)
Sl 483.0 (241.2) 473.2 (282.2) 454.0 (223.8) 492.5 (235.9) 455.6 (199.7) 608.5 (260.3)* 474.6 (250.3)
Female 2.3% 42.7% 28.1% 14.6% 6.9% 5.4%

Hb (g/dL) 13.5 (1.0) 13.3 (1.0) 13.4 (1.0) 13.4 (1.2) 13.3 (1.0) 13.1 (1.1)* 13.3 (1.0)
Hct (%) 40.0 (2.8) 39.5 (2.7) 39.6 (2.7) 39.7 (3.2) 39.6 (2.8) 39.4 (3.0) 39.6 (2.8)
WBC (10%/uL) 6.6 (2.1) 6.7 (1.7) 7.0 (1.7)* 75 1)* 0 @1)* 8.3 (2.1)* 71 (1.9
NEUT (10%/uL) 4.0(1.7) 3.9 (1.4) 41 (1.3) 4.4 (1.7)% 0 (1.6)* 51 (1.7)* 4.2 (1.5)
LYMPH (10%/pL) 2.0 (0.6) 2.1(0.6) 2.1 (0.6) 2.3 (0.6)* 3 (0.6)* 2.4 (0.7)* 2.1 (0.6)
MCV (fL) 92.0 (4.3)* 90.2 (5.0) 89.1 (5.3)* 88.2 (6.1)* 87.1 (4.9* 85.4 (5.4)* 89.1 (5.5)
MCH (pg) 311 (1.8)* 30.4 (2.1) 30.1 (2.2)* 29.8 (2.6)* 29.3 (2.1)* 28.4 (2.2)* 30.1 (2.3)
MCHC (g/dL) 339 (0.9 34.0 (1.0) 34.1 (1.0) 34.0 (1.1) 33.8 (1.0) 33.6 (0.8)* 34.0 (1.0)
RDW (%) 12.9 (1.2) 13.2 (1.3) 13.3 (1.3) 13.5 (1.5)* 13.7 (1.2)* 14.1 (1.3)* 13.3 (1.3)
TPC (10%/ul) 243.1 (52.2) 238.5 (48.3) 246.1 (49.0)* 259.2 (53.1)* 270.4 (58.5)* 273.8 (60.0)* 248.0 (52.0)
MPV (fL) 8.3 (0.9) 8.4 (0.9) 8.4 (0.8) 4(0.8) 8.5 (0.9 8.5(0.7) 8.4 (0.8)
NLR 22 (1.1) 2.0 (0.9 2.0 (0.8) 1(0.8) 22 (0.8)* 22 (0.8)* 2.1 (0.8)
PLR 1341 (52.2) 125.1 (38.9) 123.0 (37.2) 123.7 (38.2) 123.8 (38.2) 122.6 (41.2) 124.5 (39.0)
Sl 526.5 (260.0) 488.5 (247.4) 497.0 (207.0) 541.4 (268.2)* 606.4 (252.2)* 615.9 (276.9)* 515.3 (246.8)

Hb indicates hemoglobin; Hct, hematocrit; LYMPH, lymphocytes; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpus-
cular volume; MPV, mean platelet volume; NEUT, neutrophils; NHANES, National Health and Nutrition Examination Survey; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; SlI, systemic immune-inflammation index; TPC, total platelet count; WBC, white blood cell count.
*Significantly different from body mass index 18.5 to <25 kg/m? at P < 0.05 (Wald test).

total platelet count, MPV, and the systemic immune-inflam-
mation index, were positively correlated with BMI in both
genders. MCV was the only marker that was negatively
correlated with BMI. In addition, the neutrophil-to-lympho-
cyte ratio had a positive correlation with BMI only in
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women, and the platelet-to-lymphocyte ratio had a negative
correlation only in men.

Although the correlations between most CBC parameters
and BMI were statistically significant, the overall variance
explained by BMI was not particularly high. BMI accounted
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Table 3. Complete blood count reference ranges

Parameters Male Female Source
Hb (g/dL) 13.2-16.6 11.6-15.0 Mayo®
Hat (%) 28.2-48.6 35.5-44.9 Mayo®
WBC (10%/uL) 3.4-96 3.4-96 Mayo®
NEUT (10%/uL) 1.56-6.45 1.56-6.45 Mayo®
LYMPH (10%/puL) 0.95-3.07 0.95-3.07 Mayo®
MCV (fL) 78.2-97.9 78.2-97.9 Mayo®
MCH (pg) 26-33 26-33 UChicago®
MCHC (g/dL) 32-35 32-35 UChicago®
RDW (%) 11.8-145 12.2-16.1 Mayo®
TPC (10%/ul) 135-317 157-371 Mayo®
MPV (fL) 9-12.4 9-12.4 UChicago®

Hb indicates hemoglobin; Hct, hematocrit; LYMPH, lymphocytes; MCH, mean corpus-
cular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean
corpuscular volume; MPV, mean platelet volume; NEUT, neutrophils; RDW, red blood
cell distribution width; TPC, total platelet count; WBC, white blood cell count.

for the highest variation in WBC, similar to what was found
in a 2003-2006 NHANES study.” The negative correlation
with MCV was also noted in that same study, and the inves-
tigators concluded that the finding could be secondary to
iron deficiency anemia. Prior studies have shown that obesity
can lead to iron and other micronutrient deficiencies, which
might explain this association."" Several studies have investi-
gated the potential association of RDW with waist circum-
3 and
obesity.'* The underlying pathophysiology of these relation-
ships is still unknown. Some investigators have suggested

4 . 12 . . 1
ference,” metabolic syndrome, = cardiovascular disease,

that inflammation affects the hepatic production of the iron
regulatory peptide hormone (hepcidin), causing abnormal
iron absorption, thereby affecting the MCV and RDW."”
Total platelet count and MPV reflect the platelet number
and size, respectively. Platelets have roles in inflammation,
thrombosis, and atherogenesis.'® Obesity is believed to be a
prothrombotic state resulting from a combination of
increased thrombin generation, platelet hyperactivity, and
decreased fibrinolysis.'” Our study found results similar to
previous studies because both total platelet counts and MPV
were increased with higher BMIs.* For other blood compo-
nent ratios (i.e., neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte
index), there is no established relationship between these

ratio, and systemic immune-inflammation
parameters and BMI. A previous small observational study
showed a positive correlation.” A possible explanation is that
low-grade inflammation increases neutrophil and platelet
counts. We found that the neutrophil-to-lymphocyte ratio
and the platelet-to-lymphocyte ratio are gender specific
regarding their relationship with BMI, but the systemic

immune-inflammation index is positively correlated with
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Table 4. Age- and race-adjusted OLS regression coefficients
predicting complete blood count marker with body mass index
as a continuous variable

N b t P value r

Male

Hb (g/dL) 2815 0.01 2.69 0.01 0.081
Het (%) 2815 0.04 2.52 0.02 0.043
WBC (10°/ul) 2815 0.06 6.39  <0.001  0.052
NEUT (10%/uL) 2814 0.04 528  <0.001  0.042
LYMPH (10%/ul) 2814 0.02 499  <0.001  0.067
MCV (fL) 2815 —0.16 —10.02  <0.001  0.107
MCH (pg) 2815 —0.05 —7.38  <0.001  0.103
MCHC (g/dL) 1936 0.003 0.55 0.59 0.100
RDW (%) 2815 0.01 428  <0.001  0.090
TPC (10%/uL) 2815 0.94 436  <0.001  0.030
MPV (fL) 2815 0.01 2.74 0.01 0.017
NLR 2814 0.003 0.64 0.52 0.043
PLR 2814  —0.49 —2.20 0.03 0.034
] 2814 2.83 2.00 0.05 0.026
Female

Hb (g/dL) 2878 0.001 0.29 0.78 0.102
Het (%) 2878 0.01 1.31 0.20 0.067
WBC (10%/pL) 2878 0.09 10.00  <0.001  0.107
NEUT (10%/uL) 2870 0.06 10.82  <0.001  0.101
LYMPH (10%/ul) 2870 0.02 546  <0.001  0.058
MCV (fL) 2878 —-02 —10.43  <0.001  0.126
MCH (pg) 2878  —0.07 —-11.03  <0.001  0.125
MCHC (g/dL) 1903  —0.01 —-1.68 0.10 0.070
RDW (%) 2878 0.03 6.60  <0.001  0.078
TPC (10%/uL) 2877 1.64 797  <0.001  0.054
MPV (fL) 2877 0.002 0.61 0.55 0.014
NLR 2870 0.01 3.69 0.001  0.031
PLR 2870  —0.24 —1.63 0.1 0.014
Sl 2870 6.22 857  <0.001  0.037

Hb indicates hemoglobin; Hct, hematocrit; LYMPH, lymphocytes; MCH, mean corpuscular
hemoglobin; MCHC, mean corpuscular hemaglobin concentration; RDW, red blood cell dis-
tribution width; TPC, total platelet count; MPV, mean platelet volume; MPV, mean platelet
volume; NEUT, neutrophils; NLR, neutrophil-to-lymphocyte ratio; OLS, ordinary least
squares; PLR, platelet-to-lymphocyte ratio; RDW, red blood cell distribution width; SII, sys-
temic immune-inflammation index; TPC, total platelet count; WBC, white blood cell count.

BMI in both genders. These results need further study to
find plausible explanations.

Our study had several limitations. First, we could not
analyze individual details regarding diet, medication, iron
level, and ferritin level, which might affect hematopoiesis.
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