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ABSTRACT

Iron deficiency anemia poses an important publialtieproblenfor women of reproductive age living in
developing countries. A prospective study, comgrifanritten questionnaires and laboratory analysfis
hemoglobin (Hb), ferritin, transferrin receptor, drstoolhookworm egg count, was undertaken in 99
non-pregnant women. 37.53% were anemic (Hb < 1R)gahd 23.10% werieon deficient (ferritin < 15
ng/L). Hookworm infection wasresent in 51.3% of women, although heavy infecti@s uncommon
(6.29%). Iron deficiency was more prevalent in aitetiman non-anemievomen (38.21% versus 14.08%,
P < 0.001). Consumption of meatt least three times a week was more common inanemic women
(51.15% versus 66.67%, P = 0.042). Mean ferritinswawer inanemic women (18.99 versus 35.66
ng/mL, P < 0.001). Therevas no evidence of a difference in prevalence (B5.2ersusl7.23%, P =
0.629) or intensity (171.07 versus 129.93 egdd/g,0.412) of hookworm infection between anemic and
non-anemiavomen. Anemia, iron deficiency, and hookworm ifdaetere prevalent in this population.
Intake of meat was more clearfgsociated with hemoglobin and iron indices tharkwemorm. An
approach to addressing iron deficiency in this pgagian shouldemphasize on iron supplementation,
deworming and better public heigine.
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INTRODUCTION

It has been estimated that more than one thirdhefworld’'swomen are anemic; the vast
majority of this burden occurs weveloping countries [1]. This produces an enormuuisic
healthimpact, because anemia poses a significant mgriatitd morbidityrisk, particularly to
women of reproductive age and their children [&]n deficiency is recognized as perhaps the
most common caus¥ anemia worldwide. Even in the absence of anemila tomoderate iron
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deficiency has been associated with impaired physicd cognitive growth of children, [3]
reduced work capacity @fdolescents and adults, [4] and increased morbadity mortalityin
pregnant women and their infants [5]. Iron deficigexistan a continuum, from a reduction in
body storage iron, to irodeficient erythropoiesis, and ultimately to irorfident anemia [6].
Women of reproductive age who are iron deficiertt ot anemianay become anemic during
pregnancy as a consequence of increased requirements and expanded plasma volume.
Hookworm @Ancylostomaduodenale and Necator americanys infection causes chronic
gastrointestinablood loss and is the most common worldwide cadiseon deficiency [7].The
impact of hookworm infection on iron stores deperstheintensity of infection and the
amount of iron consumed in tHeet.

The World Health Organization has suggested thamen is of"moderate” public health
importance where its prevalencebetween 20% and 39.9% and "severe" if it occurd0¥o or
more of the population. It is recommended that an apgrotp irondeficiency anemia be
especially targeted toward women of reproductige who risk the attendant consequences of
anemia during pregnancy [8ftegrating this strategy into a community-baseaspem haveen
found to be effective [9]. A recent meta-analysias hconfirmedthat antenatal iron
supplementation improves both antenatad post-natal hemoglobin concentration and tlts si
effectsof iron supplementation appear more common in wowien receivelaily iron [10]. For
countries in the Western Pacific Region, whanemia prevalence constitutes a public health
problem, a strateggf weekly iron supplementation has been recommend&ti hookworm
control where prevalent [11].

Hookworm infestation is more common in coastal greaple in the region of West Bengal. It is
commonly seen in Darjeeling, Jalpaigun, Hooghly &alcutta.The prevalence of hookworm
infestation in India is 51.3%.

Thus a prospective, observational study was coeduitt assess the prevalence of anemia and
factors associatedith iron deficiency and anemia in non-pregnant veanof reproductivage.
This study represents the assessment of hookwdestation in india and to address the relation
between anemia and hookwoimfection in these women of reproductive age [12].

MATERIALS AND METHODS

The study was conducted among 99 patients withkwoon infestation in women of
reproductive age in rural setup of RR district ndgderabad, in department of Microbiology in
Bhaskar Medical College, Andhra Pradesh.

The institutional Ethics Committee approved thedgtprotocol, informed consent form and the

case report form. The study was a prospective,reasenal study. Duration of the study period

is 2 days with Albendazole 400mg, single dose.usion criteria included non-pregnant women
from 18-60 years, who had bloody stools with ottt anaemia, and all were in good general
health, as established by physical, clinical exatndm and laboratory investigations. Subjects
with hypersensitivity to Albendazole were excludeain the study. These women belonged to
weak economic streta.
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Laboratory methods. Blood and stool samples were collected from eaattiggpant. The
intensity of hookworm infection was evaluated frtra fecal specimen usistandard Kato Katz
methodology [13] and expressed as eggs per grfarieces (epg). Intensity of hookworm
infection was classifiedccording to WHO guidelines: 0 epg classified dsup t02,000 epg
classified as light, 2,000—4,000 epg as modesate,> 4,000 epg classified as severe [14]. The
count of eggper gram of stool has been previously shown towike overallgastrointestinal
hookworm burden [15]. Hemoglobin was evaludtethe field from finger prick blood, using a
hemoglobinometer. A 3-mL sample of venous blews collected using a closed collection
system into tubes containifegst clotting agent. The tubes were spun at 4,p80for 20minutes

at room temperature, after which serum was coldeatel stored at —4°C. The samples were
transported odry ice to Hyderabad University. Serum ferritvas measured using a sandwich
immunoenzymatic assay. Soluble transfemateptor was evaluated using enzyme-linked
immunoassay (ELISA). The ratio of transfemateptor to log (to base 10) serum ferritin (TfR-F
index) wascalculated from these results [16]. Serum C-reactwotein (CRP)evels were
assessed by an ELISA method. We chose a levet 4D mg/L to represent a state of
inflammation, because thiss been previously reported as an appropriatealiout-off [17].
Anemia was defined as a hemoglobin concentration ti2g/dL and iron deficiency as a serum
ferritin of < 15 ng/mL, except where otherwise stated, in concordance WMRO
recommendationf®r women of reproductive age [8]. Transferrin qgtoe levelsof 2.3 pg/mL or
above were considered abnormal, basethe manufacturer’s reference interval (0.8-A2g3L).
The TfR-F index has been previously shown to presaid excellent indicator of iron reserves,
with depletion of irorstores implied once the ratio exceeds 1.8 [18].adfepted thisut-off as

an alternative indicator of iron deficiency.

Survey. Participating women were asked to complete a ouesiire coveringpotential
demographic risk factors for iron deficiency andkworm infection, including dietary meat
consumption, ethnic grougducation, number of children, domestic sanitargilifees, and
frequency of wearing shoes. Current pregnancy staasalso assessed. Local village health
workers assisted the surveyam in administering the survey.

Statistical analysis.The data were entered in the field into spreadshegsng MicrosofExcel
(Microsoft Corp., Redmond, WA). The spreadsheeteweported into Stata (Intercooled Stata
9.2 for Windows; StataCorpgCollege Station, TX) for further analysis. The disition of
laboratory variables was assessed.

Hemoglobin values were approximately normally disited, enablingise of the arithmetic
mean. Ferritin, transferrin receptand the TfR-F index were right-skewed; thus, theeee log-
transformedor subsequent analysis. Hookworm eggs per gram Wate righskewed, with a
considerable number of zero values. Thus, egmt data were analyzed using the Poisson
distribution, incorporatinghe clustered nature of the survey (by village)thwiomparisons
between groups made by calculating the incidenteredio [14] . Median meat consumption
was determined.

The prevalence of anemia, iron deficiency, hookwaorfaction,and iron deficiency anemia were
calculated using the cut-oftefined above. Average iron indices, hookworm boydged meat
consumption were calculated and compared betwesse tvomemwho were anemic and those
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who were non-anemic; the analysias based on a linear regression model that incatgu the
effect of clustering by village. Prevalences ohirdeficiency hookworm infestation, and meat
consumption were also comparbdtween anemic and non-anemic groups. Comparison of
significanceof differences between meat consumption in the @aanmd non-anemigroups was
performed using a two-sample Wilcoxon rank-sum (Mavhitney)test.

Multiple regression analysis incorporating the tdusdesignof the survey was performed to
evaluate the effect of hookworeggs per gram, meat consumption, and the demographi
variables of age, number of children, and level of education hemoglobinand log
transformation of iron indices (ferritin, transf@rreceptor, and TfR-F index). The regression
equation used thlg(eggs per gram) value as described above, argl@s theresults for
association with hookworm are reported after tramsétionby taking the inverse logarithm.

RESULTS

The demographic and socio-economic data for thew@&®nen of reproductive age who
participated in the study are presentedable 1 Two women had CRP levels > 10 mg/L, but
because neither had hemoglobin < 12 g/dL and tituaathave evidence of anemia of chronic
disease, they were includedthe analysis.

TABLE -1 Demographic and socioeconomic data of pats

Parameter Number (%)
N 99

Marital status 80 (79.20)
Number of children 2(0-5)
Education

llliterate 6(5.94)

To grade 5 20(19.80)
Grade 6-9 50(49.50)
Grade 10-12 18(17.82)
Higher 6(5.94)
Frequency of wearing shoes

Never 10(9.9)
Occasionally 50(49.50)
Always 40(39.60)

The distinct and total means for hemoglobin, irtmdies, meatonsumption, and stool parasite
counts, together with prevalences anemia, iron deficiency, and hookworm infectiare
presenteth Table 2. The geometric mean eggs per gram wa93495%Cl 105.53-190.01).

The prevalence of anemia, defined as a hemogloldia g/dL,was 37.40, and the prevalence of
iron deficiency(defined as a serum ferritin concentration < 15mg/was 23.08. Borderline
iron depletion (serum ferritin betweé&bd and 30 ng/mL) was observed in 22.18 of partitipa
The prevalence of soluble transferrin receptor eatrationabove the cut-off of 2.3 mg/mL was
22.05%, similato iron deficiency. Th&fR-F index was < 1.8 for 19.90 of the participants

The overall prevalence of hookworm infection was3%4; however, most participants 60%, had
a light wormburden.
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Table- 2 Hematological parameters, meat intake andook worm infestation in patients

Parameters Patients
Hemoglobinn 99

Mean (95% CI) 12.20 (12.04, 12.37)
Proportion anemic(%)

<12g/dL 37.40 (32.30,42.89)
<10g/dL 8.27 (5.38, 11.20)
<7g/dL 1.12 (0.01, 2.25)
Ferritin (ng/mL)

Mean (95% CI) 28.15 (25.20, 31.40)
Proportion

Ferritin < 15ng/mL 23.08 (18.50, 27.60)
Ferritin <30ng/mL 45.30 (39.89, 50.72)
Ferritin 15 to 30 ng/mL 22.18 (17.67, 26.69)
Transferrin receptor (mg/mL)

Mean (95% CI) 1.68 (1.60, 1.76)
Proportion

Transferrin receptor > 2.3 22.05 (17.58, 26.49)
TfR-F index

Mean (95% CI) 1.20 (1.15, 1.30)
TfR index > 1.8 19.90 (15.54, 24.25)
Meat intake

Median (range) 3(0,4)

Hook worm (epg)

Mean (95% CI) 144.05 (105.53, 190.01)

A comparison of indices of iron stores, hookwornfeation,and meat consumption between
anemic and non-anemic womersigown in Table 3. The mean indices of iron storasrgy the
anemic group were significantly different to thosk the non-anemigroup. Median meat
consumption was also lower among the angrojaulation P = 0.001). However, there was no
evidence of significandifference in hookworm eggs per gram [incidence ratio,1.20; 95%
confidence interval (Cl), 0.91-2.2R;= 0.25].

TABLE—3 Comparison between the prevalence of iron eficiency, meatonsumption, and hookworm
infection in anemic and non-anemiegvomen

Variable Anemic (Hg<12g/dL) | Non-anemic (Hg>12g/dL) |

Mean (95% CI) Mean (95% CI) p-vaiue

Ferritin

Percent ferritin < 15ng/mL 35.28 (28.09, 40.60) 13.16 (9.28, 17.84) <0.001

Percent ferritin < 30ng/mL 60.76 (53.10, 70.58) 36.45 (27.56, 42.18) | <0.001

Ferritin 15 to < 30ng/mL 24.08 (17.08,30.16) 21.54 (14.98, 26.98) 0.56

Transferrin receptor

Percent transferring receptor >2.3 37.96 (28.78, 45.67) 12.46 (8.02,16.85) <0.001

TfR-F index

Percent TfR-F index > 1.8 36.50 (27.89, 44.56) 17.08 (11.43, 20.97) | <0.001

Meat consumption

Pecent meat consumption > 3 servings/wk50.96 (41.31, 58.68) 68.90 (60.45, 74.30) 0.05

Hookworm eggs per gram 168.08 (102.89, 289)/60) 7B2@9.90, 180.67) 0.32
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A comparison between the prevalence of iron defmye meatconsumption, and hookworm
infection in anemic and non-anemiomen is shown in Table 3. Of 38 anemic participant
thisanalysis, 35.28 had a ferritin level < 15 ng/mLmparedwith 13.16 who were not anemic
(P < 0.001). Theravas no evidence of difference in prevalence of edimte irondeficiency
(serum ferritin, 15-30 ng/ mL) between anemid non-anemic women. Similar differences
between the two groupgere observed for the other markers of iron deficye Theproportion

of participants consuming meat more than three gipee week was greater among the non-
anemic populationR = 0.05).Prevalence of moderats severe hookworm infection was not
significantly different between the anemic and non-anemic groups. In patic severe
hookworm infection (> 4,000 epg) was not signifitgrmorecommon among anemic women
(6.85%) than non-anemic women (5.64%; 0.32).

There was weak evidenoé&inverse association with meat consumption (¢oieffit, —0.1595%
Cl, —0.36, 0.00P = 0.05). Hookworm, hemoglobiand iron indices were not associated with
frequency wearingf shoes or type of latrine used

DISCUSSION

We found that the prevalence of anemia and iroitiéeicy was31% in reproductive age group
women. Irordeficiency was more common among anemic womemadfin lesshan one half of
the cases of anemia could be attributedaio deficiency. Both iron deficiency and anemiareve
associatedavith a lower weekly consumption of meat. Hookwomfectionwas common and,
although not associated with anemia in thigulation, was correlated with iron deficiency.
Demographiéndicators such as age, number of children, andathn werenot associated with
iron deficiency or anemia.

Associations between hemoglobin and iron with noeatsumptiorwere not part of tha priori
hypothesis. However, the associatisrrobust P < 0.05) and physiologically feasible. In this
study, iron deficiency was more prevalent amongatiemic population, but only approximately
one third of womemith anemia had a low serum ferritin. The true pitence ofron deficiency
anemia may be higher than this because fersitam acute phase protein that may be elevated in
inflammation.To address this, we used alternative indices of deficiency—solubléransferrin
receptor and the TfR-F index [16] and confirntbdt the prevalence of iron deficiency was
similar using thdfR (> 2.3 pg/mL), the TfR-F index (> 1.8), aserum ferritin (< 15 ng/mL),
both in the overall and in tfememic groups. This suggests that the newer indiesomparable
to ferritin for detecting iron deficiency in thiopulation.Combining the results of both serum
ferritin and the TfR-F indeprovides a higher prevalence of iron deficiencythboveralland
among the anemic group, implying that the casesctidby each method do not completely
overlap. Iron depletion (ferritin 15-30 ng/mL) was present in 23.58% of anemic wo(aada
similar proportion of the non-anemic sample), ragsthepossibility that iron supplementation
may have a greater tharpected impact in the long term because both anand non-anemic
women would be at risk of developing or exacerlgation deficiencyanemia should their iron
requirements increase, for examplering pregnancy.

Inadequate iron intake, particularly caused by ceduaccesso heme iron, which is chiefly
found in meat and is highly bioavailablegn contribute to iron deficiency [19].0ur analysis
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showed thatneat intake was associated with iron status, aecetivas atrong trend toward a
positive correlation with hemoglobiithis suggests that failure of adequate iron intskan
importantcontributor to iron deficiency in this region. Atthgh demographitactors were not
associated with outcomes of iron deficiermy anemia, there was an association between
education and increasingeat intake. This suggests better educated womeaftad,or make it

a priority to include, meat in their diet. Thdselings provide a rationale to include regulamiro
fortificationor supplementation in any strategy aimed at altengarondeficiency

This study showed that hookworm infestation is plent in rural setup around Hyderabatth
78.14% of women in the study are infectétbwever, heavy infection (> 4,000 epg) was
relatively uncommonThe mean hookworm burden remained "light,” evenhd uninfected
population was removed from the analysis, suggggtiat hookwornburden was low among
those who were infected. This may be explaibgdecent school-based deworming activities
conducted in thearea. Increasing intensity of hookworm infestatimas relatedto iron
deficiency, suggesting that hookworm is a contriimufactor to gastrointestinal blood loss in
women.

The lack of an association with anemia may be ahbsethelow prevalence of moderate and
heavy hookworm infection aritle large number of anemic women who were not dwircient,
suggesting other causes of anemia may be prevailethis population.Other nutritional
deficiencies [20], and vitamin A [21] have besuach as of folate, vitamin ;8 shown to
contribute to anemidnflammation can produce an anemia of chronic disgaharacteristically
associated with an elevated CRP and ferritin [HOwever, thdinding of a normal CRP in >
99% of the study group makeésunlikely that this had an impact on the resul@enetic
hemoglobinopathies, such athalassemia and hemoglobin E nadgso cause anemia. These have
been found to be common amoogrtain populations in Southeast Asia [22] and rhaye
contributedo anemia in some of the study participants.

Our study confirmed that iron deficiency anemia imajor publidealth problem in women of
reproductive age in rural setup around Hyderabadk of dietary iron and hookworm infection
both contributeto iron deficiency, and therefore, a program ofnirsupplementatiorand
deworming would be beneficial in this area. Furtseerdyto define the other causes of anemia
will be important for planningational anemia prevention strategies.

Acknowledgement
A special thanks to medicine department in Bhadkedical College for providing cases.

REFERENCES

[1] World Health Organization1992 The Prevalence of Anaemia in Women: A Tabulation of
Available Information Geneva: World Health Organization.

[2] Grantham-McGregor S; Ani Q.Nutr2001, 131, 649S-666S.

[3] Aukett MA; Parks YA; Scott PH; Wharton BArch Dis Child1986 61, 849-857.

[4] Haas JD; Brownlie TJ Nutr,2001,131, 676S—688S.

[5] Scholl TO; Hediger MLAmM J Clin Nuty1994 59, 492S-500S.

[6] Umbreit JAm J HematqgP00578, 225-231.

215
Scholars Research Library



Jyothsna Kudaravalli et al Annals of Biological Research, 2011, 2 (3):209-216

[7] Hotez PJ; Brooker S; Bethony JM; Bottazzi ME; Losikg Xiao S.N Engl J Mec2004 351,
799-807.

[8] WHO/UNICEF/UNU,2001 Iron Deficiency Anaemia: Assessment, Preventiod,@ontrol.
A Guide for Programme ManageiGeneva: World Health Organization.

[9] Berger J; Thanh HT; Cavalli-Sforza T; SmitasirikBian NC; Milani S; Hoa PT; Quang ND;
Viteri F. Nutr Rey2005 63, S95-108.

[10] Pena-Rosas JP; Viteri REbchrane Database Syst R2806 3: CD004736.

[11] Casanueva E; Viteri FE; Mares-Galindo M; Meza-CameaC; Loria A; Schnaas L; Valdes-
Ramos R.Arch Med Re2006 37, 674—682.

[12] Mei Z; Cogswell ME; Parvanta I; Lynch S; Beard 3toltzfus RJ; Grummer-Strawn LM.
Nutr, 2005,135, 1974-1980.

[13] Ash LR; Orihel TC; Savioli L; Sin MA; Montresor ARenganathan E2004 Training
Manual on Diagnosis of Intestinal Parasites—TutorGuide Geneva: World Health
Organization.

[14] Montresor A; Crompton DWT; Hall A; Bundy DAP; Saliid. 2007. Guidelines for the
Evaluation of Soil-Transmitted Helminthiasis anchiStosomiasis at Community Level, 1998.
Geneva: World Health Organization.

[15] Stoltzfus RJ; Albonico M; Chwaya HM; Savioli L; Tseh J; Schulze K; Yip RAm J Trop
Med Hyg1996 55,399-404.

[16] Punnonen K; Irjala K; Rajamaki Blood1997 89, 1052-1057.

[17] Weiss G; Goodnough LN Engl J Me¢2005,352, 1011-1023.

[18] Suominen P; Punnonen K; Rajamaki A; IrjaldkK0d199892,2934-2939.

[19] Monsen ER] Am Diet Assqit988 88, 786—790.

[20] Provan D; Weatherall D.ancet200Q 355, 1260-1268.

[21] Hashizume M; Chiba M; Shinohara A; Iwabuchi S; & Shimoda T; Kunii O; Caypil
W; Dauletbaev D; Alnazarova ARublic Health Nutf2005 8, 564-571.

[22] Carnley BP; Prior JF; Gilbert A; Lim E; Devenish Bing H; Sarin E; Guhadasan R;
Sullivan SG; Wise CA,; Bittles AH; Chan K; Wong MG6han V; Erber WNHemoglobin2006,
30, 463-470.

216
Scholars Research Library



