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Red blood cell distribution width (RDW), an indicator of anisocytosis, is a novel biomarker
of cardiovascular disease (CVVD) and all-cause mortality (1). Although findings are
inconclusive, the pathophysiology linking RDW with morbidity/mortality may pertain to
inflammation and/or disordered iron homeostasis (2). Consequently, identification of
modifiable behaviors for prevention of unequal RDW, particularly in the general population,
is needed.

Emerging research demonstrates that sedentary behavior (SB), even independently of
physical activity, is predictive of CVD and premature mortality (3). Although results have
been inconclusive, potential mechanisms for explaining this relationship include SB-induced
inflammation and modulation of metabolic risk (4). Consequently, it is plausible to suggest
that SB may be related to CVD and mortality via SB-induced anisocytosis. However, to our
knowledge, no study has yet examined the association between SB and RDW. Identification
of such an association may help to delineate a potential mechanism through which SB may
influence CVD. Therefore, we decided to evaluate this possible association.

METHODS

Design
Data from the 2003-2006 cycles of the National Health and Nutrition Examination Survey
(NHANES) were used (http://www.cdc.gov/nchs/nhanes.htm). During NHANES 2003-
2006, 4,538 participants aged =20 years provided data on the study variables. All study
procedures were approved by the National Center for Health Statistics review board; all
participants provided informed consent.
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Red blood cell distribution width

RDW was derived from the coefficient of variation of the NHANES RDW histogram and
recorded as a percentage.

Sedentary behavior

Covariates

Analysis

Accelerometers were initialized to collect data in 1-minute epochs. SB was measured during
waking hours and was assessed here among participants with =10 hours/day of monitoring
on at least 4 days (in a 1-week period) using the ActiGraph 7164 accelerometer (ActiGraph
LLC, Pensacola, Florida). An activity level of less than 100 counts per minute was classified
as SB (6), and to control for physical activity, counts/minute greater than or equal to 2,020
were classified as moderate-to-vigorous physical activity. Nonwear was defined as a period
of at least 60 consecutive minutes of zero activity counts, with the allowance of 1-2 minutes
of activity counts between 0 and 100 (5).

Covariates included age, sex, race/ethnicity, poverty-to-income ratio, body fat percentage
(as determined by dual-energy x-ray absorptiometry (DEXA)), cotinine level, history of
diabetes, history of cancer, history of coronary artery disease, mean arterial blood pressure,
estimated glomerular filtration rate, high-density lipoprotein cholesterol level, diet,
accelerometer-determined physical activity, accelerometer wear time, serum iron level, and
C-reactive protein level.

Total body fat percentage was estimated from whole-body DEXA scans (Hologic, Inc.,
Bedford, Massachusetts). Serum cotinine concentration was measured by means of isotope
dilution—high-performance liquid chromatography/atmospheric pressure chemical ionization
tandem mass spectrometry. Blood pressure was measured up to 4 times, and the average
mean arterial pressure ([diastolic blood pressure x 2 + systolic blood pressure]/3) was
calculated. Iron concentration was measured from a blood sample using the LX20 Pro
Chemistry Analyzer (Beckman Coulter Inc., Brea, California), with high-density lipoprotein
cholesterol measured enzymatically directly in serum. Dietary behavior was assessed using
the 2005 Healthy Eating Index (6-8). Glomerular filtration rate was assessed from the
Chronic Kidney Disease Epidemiology equation (9). High-sensitivity C-reactive protein
concentration was quantified using latex-enhanced nephelometry.

Analyses were performed using survey data procedures in Stata (StataCorp LP, College
Station, Texas) to adjust for the complex survey design. Multivariable logistic regression
was used to examine the association between 5 SB quintiles (independent variable) and
elevated RDW (=75th percentile; >13.1%). Four logistic regression models were fitted,
including an unadjusted model (model 1), a minimally adjusted model (model 2), a further
adjusted model (model 3), and a fully adjusted model (model 4). The minimally adjusted
model (model 2) controlled for age, sex, race/ethnicity, poverty level, and DEXA-
determined body fat percentage. The further adjusted model (model 3) controlled for the
same covariates as model 2 plus cotinine, diabetes, cancer, coronary artery disease, mean
arterial blood pressure, estimated glomerular filtration rate, high-density lipoprotein
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cholesterol, diet (2005 Healthy Eating Index), accelerometer-determined physical activity,
and accelerometer wear time. The fully adjusted model (model 4) controlled for the same
covariates as model 3 plus serum iron and C-reactive protein. Statistical significance was
established as a 2-sided P value less than 0.05.

The median age of participants was 49 years. The adjusted (adjusted for covariates in model
2) percentages of participants with an elevated RDW (=75th percentile; 13.1%) in the 5
quintiles of SB (lowest to highest) were 18.6%, 17.8%, 20.4%, 20.7%, and 26.1%,
respectively.

The fully adjusted regression model (model 4) showed that persons in the fifth quintile of
SB, as compared with the first quintile, had 63% increased odds of an elevated RDW (odds
ratio = 1.63, 95% confidence interval: 1.13, 2.33; P = 0.009; using the median values of the
quintiles, P for linear trend = 0.04) (Table 1); when the referent group was changed to the
fourth quintile, persons in the fifth quintile versus those in the fourth quintile had 45%
increased odds (odds ratio = 1.45, 95% confidence interval: 1.03, 2.04; P = 0.03) (data not
shown).

DISCUSSION

The main finding of this study was that SB was positively associated with RDW. SB was
still associated with RDW after controlling for serum iron, C-reactive protein, and other
established CVD risk factors, suggesting that SB may be associated with RDW via other
pathways yet to be investigated. Although the conclusion is speculative, SB may be
associated with RDW via SB-facilitating cytokine-induced erythropoietin resistance (10).
Future work is needed to help clarify the potential mechanisms through which SB influences
RDW.

A 63% increase in the odds of elevated RDW (=13.1%) was observed among persons in
quintile 5 versus those in quintile 1, which is a concern, because elevated RDW predicts
premature mortality (e.g., RDW greater than or equal to 13.3% increased mortality risk by
19% among critically ill patients (11), and RDW greater than or equal to 13.0% increased
mortality risk by 20% in a general population aged =45 years (1)). This, coupled with the
fact that the majority of adults spend most of their waking hours in SB (12), underscores the
importance of minimizing SB among adults.

The main limitation of this study was the cross-sectional design. Further, although
accelerometer-determined information on SB overcomes many of the limitations associated
with self-reported SB, lack of consensus regarding the most appropriate accelerometer data-
processing protocol limits evidence synthesis and comparability between studies (13). Major
strengths of this study include the novel association, the use of an objective measure of SB,
the national sample, and the inclusion of several robust measures of covariates (e.g., DEXA-
determined body fat percentage). Future mechanistic and prospective work is needed, but
these findings suggest that prolonged SB may induce unequal RDW, which may ultimately
increase risk of CVD and all-cause mortality.

Am J Epidemiol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Loprinzi and Ford Page 4

Acknowledgments

The findings and conclusions presented in this letter are those of the authors and do not necessarily represent the
official position of the Centers for Disease Control and Prevention.

References

1. Patel KV, Ferrucci L, Ershler WB, et al. Red blood cell distribution width and the risk of death in
middle-aged and older adults. Arch Intern Med. 2009; 169(5):515-523. [PubMed: 19273783]

2. Forhécz Z, Gombos T, Borgulya G, et al. Red cell distribution width in heart failure: prediction of
clinical events and relationship with markers of ineffective erythropoiesis, inflammation, renal
function, and nutritional state. Am Heart J. 2009; 158(4):659-666. [PubMed: 19781428]

3. Ford ES, Caspersen CJ. Sedentary behaviour and cardiovascular disease: a review of prospective
studies. Int J Epidemiol. 2012; 41(5):1338-1353. [PubMed: 22634869]

4. Tremblay MS, Colley RC, Saunders TJ, et al. Physiological and health implications of a sedentary
lifestyle. Appl Physiol Nutr Metab. 2010; 35(6):725-740. [PubMed: 21164543]

5. Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in the United States measured by
accelerometer. Med Sci Sports Exerc. 2008; 40(1):181-188. [PubMed: 18091006]

6. Center for Nutrition Policy and Promotion. [Accessed November 12, 2014] US Department of
Agriculture. Healthy Eating Index. http://www.cnpp.usda.gov/HealthyEatingIndex. Published
January 6, 2014.

7. Bowman, SA.; Friday, JE.; Moshfegh, AJ. Beltsville, MD: Food Surveys Research Group, Beltsville
Human Nutrition Research Center, Agricultural Research Service, US Department of Agriculture;
2008. MyPyramid Equivalents Database, 2.0 for USDA Survey Foods, 2003-2004: Documentation
and User Guide. http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/mped/mped2_doc.pdf.
[Accessed November 12, 2014]

8. Division of Cancer Control and Population Sciences, National Cancer Institute. [Accessed
November 12, 2014] Healthy Eating Index—HEI tools for researchers. http://riskfactor.cancer.gov/
tools/hei/tools.html. Published October 6, 2012.

9. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate.
Ann Intern Med. 2009; 150(9):604-612. [PubMed: 19414839]

10. van der Putten K, Braam B, Jie KE, et al. Mechanisms of disease: erythropoietin resistance in
patients with both heart and kidney failure. Nat Clin Pract Nephrol. 2008; 4(1):47-57. [PubMed:
18094727]

11. Bazick HS, Chang D, Mahadevappa K, et al. Red cell distribution width and all-cause mortality in
critically ill patients. Crit Care Med. 2011; 39(8):1913-1921. [PubMed: 21532476]

12. Matthews CE, Chen KY, Freedson PS, et al. Amount of time spent in sedentary behaviors in the
United States, 2003-2004. Am J Epidemiol. 2008; 167(7):875-881. [PubMed: 18303006]

13. Atkin AJ, Gorely T, Clemes SA, et al. Methods of measurement in epidemiology: sedentary
behaviour. Int J Epidemiol. 2012; 41(5):1460-1471. [PubMed: 23045206]

Am J Epidemiol. Author manuscript; available in PMC 2016 March 01.


http://www.cnpp.usda.gov/HealthyEatingIndex
http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/mped/mped2_doc.pdf
http://riskfactor.cancer.gov/tools/hei/tools.html
http://riskfactor.cancer.gov/tools/hei/tools.html

Page 5

Loprinzi and Ford

"U18104d 8A1I0R3I-D PUB UOJI WNJSs sNjd € [9POW Se S3JRLIAOD BLIeS ay) 10} pajjosiuod (paisnipe Ajiny) + 13POIN

"W} Jeam 18180491329k pue ‘AlAioe [eaisAyd snosobin-01-aleiapowl paululalap-1a1awola]adde ‘((9) xapul Bune AyiesH S00g2) 191 ‘|aA9] [0Ja1sajoyd uiglosdodi] Ausuap-ybiy ‘ayel uone|iy Jejniswolb

parewnss ‘ainssaid poo|q [eliale uesw ‘aseasip A1alie A1euolod Jo A10isiy ‘130ued Jo AI0IsIY ‘Sa1ageRIp JO AI0ISIY ‘[aAS] aUIUnOD snid Z [3pOoW Se S31BLIBA0D BWeS U} 4oy Pa]|0auod (paisnipe Jayuny) € _muo_>__o

‘(Answondiosae Ael-x ABisus-fenp Aq paulwiaiap se) abejuaalad 1ey Apoq pue ‘(o1res awodul-03-Ausnod) [ans] Auanod ‘Alo1uyia/aoel ‘Xas ‘abe 1oy pajjoauod (paisnipe Ajjewiuiw) g _%o_\,_o
‘[apow nm«m:.—cmcbn
"a1nuInb 1ey ui Aep/ssinuiw Alejuspas Jo Jagquinu uesw ayl si ajuinb yoes 1oy Aep/ssinuiw Jo Jaquinu payiodal syl "Ajaandadsal ‘206 Pue ‘806 ‘206 ‘806 ‘806 819M sajiuinb G ay) 1o} SazIs m_gemmm

"011B SPPO ‘YO [eAISIUI 8OUBPIIUOD ‘| :SUOIRIABIGAY

€T ETT €9'T vS'T'180 AN 6v'T '08'0 60'T 22’1890 160 UCIETER a?
T€T8T'T G9'T 65T 'G8°0 9T'T 76T '98°0 vT'T €TT'TL0 €60 IEIETEN p€
00C'Se'T 85T G5'T'98°0 9T'T 0S'T'/80 vT'T ¥2'1'0L0 60 ua194ay ot
TG '€S'T 96'T 19T'S0'T €T 09°T'00°T 1T STT'VL0 160 IEIETEN ql
1D %S6 do 1D %S6 <le} 1D %56 t<[e} 1D %56 <[e]
(Aepainuiw
97T2e) T BPO
(RepmoinuIL 9'ov9) G (RepmanuiLiesys) v (Repsainuiwigogy) € (Aepsainuiw T0zy) 2 EoNARUY

eloineupg Aejuepas Joa|nuind

9002-£002 ‘A3AINg UoIeUIWEXT UOILINN Pue yIfesH [euoneN ‘(8£G'y = uU) synpy SN Buowy (Uone1oossy paiyBiapn) Joineyag
Areuspes paullLIge@-1a1aWwioIs]300y JO 8|RUING 03 BuIpI0d0Y YIPIA uonnquIsid 1180 Poojg pay (%T €T ‘8]1usdied Ui/ <) patens|3 ue BuineH Jo sppo

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Epidemiol. Author manuscript; available in PMC 2016 March 01.



