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Abstract

Background: The increased heterogeneity in the distribution of social and biological risk factors makes the
epidemiology of anaemia a real challenge. A cross-sectional study was conducted at Kassala, Eastern Sudan
during the period of January — March 2011 to investigate the prevalence and predictors of anaemia among
adults (> 15 years old).

Findings: Out of 646, 234 (36.2%) adults had anaemia; 68 (10.5%); 129 (20.0%) and 37 (5.7%) had mild, moderate
and severe anaemia, respectively. In logistic regression analyses, age (OR = 1.0, CI = 0.9–1, P= 0.7), rural vs. urban
residency (OR = 0.9, CI = 0.7–1.3, P = 0.9), female vs. male gender (OR = 0.8, CI = 0.6–1.1, P= 0.3), educational
level≥ secondary level vs. < secondary level (OR = 1.0, CI = 0.6–1.6, P= 0.8) and Hudandawa vs. non-Hudandawa
ethnicity (OR = 0.8, CI = 0.6–1, P= 0.1) were not associated with anaemia.

Conclusion: There was a high prevalence of anaemia in this setting, anaemia affected adults regardless to their
age, sex and educational level. Therefore, anaemia is needed to be screened for routinely and supplements have
to be employed in this setting.
Findings
Background
Anaemia is a major public health problem, especially in
developing countries [1]. It is common in adult and the
prevalence of anaemia is increasing with advancing age
[2]. There is however, a significant variation in preva-
lence of anaemia, both within and between countries, ne-
cessitating a need for local data for preventive measures.
Anaemia is associated with adverse outcomes among adult
such as reduced quality of life, depression, increased dis-
ability, higher risk of Alzheimer disease and increased risk
of mortality [3,4]. Anaemia is a multifactorial condition
and the increased heterogeneity in the distribution of so-
cial and biological factors with advancing age makes the
epidemiology of anaemia a real challenge [5]. Epidemi-
ology of anaemia is important for deciding the control
strategies. Thus, studies investigating these parameters are
vital and of great interest, so as to provide health planners
and caregivers with fundamental guidelines for the imple-
mentation of preventive measures. Therefore, the aim of
this work was to investigate the prevalence and predictors
of anaemia among adults in Kassala, Eastern Sudan.
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Material and Methods
This was a cross sectional community- based survey of
adults (>15 year old) residents in Kassala, Eastern Sudan
in the period of January through March 2011. Kassala
town situated at mean altitudes of 496 meters above sea
level, with population of 298529 inhabitants, 182980 of
these are> 15 year old. Six hundred- forty six adults
were enrolled in the study and there was no exclusion
criterion other than age and pregnancy. After informed
consent a pre-tested questionnaire was used to gather
socio-demographic data (age, sex, educational level, resi-
dence, ethnicity and occupation), medical history of chronic
illness such as hepatic disorders, renal disease, thyroid
disease, arthritis, blood disorders or diabetes mellitus
and awareness of their hemoglobin level. Blood films for
malaria were prepared, Giemsa-stained and the number
of asexual plasmodium falciparum parasites per 200
white blood cells were counted and double-checked
blindly by an expert microscopist. Hemoglobin concen-
tration was estimated by HemoCue haemoglobinometer
(HemoCue AB, Angelhom, Sweden). Urine was exam-
ined by dipsticks for nitrite and considered as indictors
for urinary tract infection if it was positive. Microscopic
examination of the stool was performed. Anaemia was
defined according to the WHO criteria as a hemoglobin
concentration lower than 12 gm/dl in women and 13gm/dl
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Table 1 Epidemiological factors of anaemia among adults
in Kassala, Sudan using univariate and multivariate
analyses

P OR (95%CI)** P OR (95%CI)*

0.7 1.0(0.9–1.0) 0.8 1.0 (0.9–1.0) Age (year)

Residence

1.0 (ref.) 1.0 (ref.) Urban

0.9 0.9(0.7–1.3) 0.8 0.9 (0.6–1.3) Rural

Education

1.0 (ref.) 1.0 (ref.) ≥ Secondary level

0.8 1.0(0.6–1.6) 0.9 0.9 (0.6–1.5) < Secondary level

Sex

1.0 (ref.) 1.0 (ref.) Male

0.3 0.8 (0.6–1.1) 0.2 0.8(0.6–1.1) Female

Ethnicity

1.0 (ref.) 1.0 (ref.) Non- Hudandawa

0.1 0.8 (0.6–1.0) 0.1 0.9(0.6–1.0) Hudandawa
* Obtained from univariate logistic regression analysis.
** Obtained from multiple logistic regression analysis.
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in men. Anaemia was defined as mild, moderate and se-
vere when hemoglobin concentration was 9.5.–13 g/dl,
8— 9.4 g/dl and <8 g/dl, respectively.

Statistic analyses
Data were entered into a computer database and SPSS
software (SPSS Inc., Chicago, IL, USA, version 13.0) and
double checked before analysis. Means and proportions
for the socio-demographic characteristics were compared
between the anemic and non-anemic groups using student
t-test and x2 test, respectively. Univariate and multivariate
analyses were performed. Anaemia was the dependent
variable and socio-demographic characteristics with their
referral groups were independent variables. Confidence
intervals of 95% were calculated and P< 0.05 was consid-
ered significant. In case of discrepancy between the results
of student t-test and x2 test and the results of multivariate
analyses, the later was taken as final.

Ethics
The study received ethical clearance from the Research
Board at the Health Research Board at the Ministry of
Health, Kassala, Sudan.

Results
Patients’ characteristics
Blood test results of 646 adult persons were included in
the study. Their mean age was 50.7 ± 2.6 years. Out of
these 646 subjected, 321(49.7%) were females, 99 (15.3)
were belong to Hudandawa tribe, 274(42.4) had rural
residency and 544 (84.2%) had less than secondary edu-
cational level.
The mean hemoglobin level was 11.8 ± 2.7 gm/dl. The

entire prevalence of anaemia among the surveyed sub-
jects was 36.2% (234/646) and it was 34.2% and 38.3%
among male and female, respectively. Anaemia was mild,
moderate and severe in 68 (10.5%); 129 (20.0%) and 37
(5.7%) patients, respectively. Almost all (96.3%) of the
anaemic subjects perceived themselves as non-anaemic
ones. History of tuberculosis and renal insufficiency were
reported in 1 and 4 anaemic persons, respectively. While
none of the patients had hook worms, two of them had
urinary tract infections and one of them had P. falcip-
arum malaria.

Predictors of anaemia
In logistic regression analyses, age (OR=1.0, CI= 0.9–1,
P=0.7), rural vs. urban residency (OR=0.9, CI = 0.7–1.3,
P=0.9), female vs. male gender (OR=0.8, CI = 0.6–1.1,
P=0.3), educational level≥ secondary level vs. < secondary
level (OR=1.0, CI = 0.6–1.6, P=0.8) and Hudandawa vs.
non-Hudandawa ethnicity (OR=0.8, CI = 0.6–1, P=0.1)
were not associated with anaemia, Table 1.
Discussion
This study revealed that, anaemia is a major health prob-
lem in eastern Sudan. According to the WHO, a severe
public health problem exists if the prevalence of anaemia
is ≥40% in any group [1]. Therefore, there is a need to
re-evaluate or strengthen the current strategies to con-
trol anaemia among adults in this setting. In this study
anaemia affects adults regardless to their age, sex, educa-
tional level and residence. In the same area of the study,
we recently observed that pregnant ladies were suscep-
tible to anaemia regardless their age, parity and gesta-
tional age [6]. Perhaps, these factors (age, sex) were not
found as predictors for anaemia, other factors which
were not investigated e.g. tuberculosis and other infec-
tious diseases [7]. The prevalence of anaemia usually
increases with age particularly after 60 year and this was
explained by increase incidence of chronic illness and
poor nutritional status in old people [8,9]. Anaemia was
reported in 16%–94% of patients with tuberculosis [10,11].
Like the tuberculosis itself, other infections might lead to
anaemia by suppressing erythropoiesis by inflammatory
mediators [12]. However, other chronic inflammatory dis-
ease such as sexually transmitted diseases, HIV, tubercu-
losis and inflammatory bowl diseases were not investigated
in this study. HIV infection has to be considered as a
possible etiologic factor for anaemia among people in
Sub-Saharan Africa [13]. Yet, for ethical reasons we could
not investigate HIV among these people.
In the current study, only one patient had P. falciparum

malaria. The area is characterized by unstable malaria
transmission [14] and malaria was reported as one of the
risk factors for anaemia among pregnant women in Eastern
Sudan [15].
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The major limitation of our study is that the dynamic
of the onset and recovery of anaemia is not yet charac-
terized by using short time (< 1 year) serial blood collec-
tion. Ferrucci et al., found that 8% of the older adults
with normal hemoglobin level subsequently developed
anaemia at 3-year follow up [16]. Also this study didn’t
investigate the possible causes of anaemia to facilitate
the strategies for the preventive programmes. Recently
high level (38.0%) of zinc deficiency was observed among
pregnant women in the same area of the study [17].

Conclusion
There was a high prevalence of anaemia in this setting,
anaemia affected adults regardless their age, sex and edu-
cational level. Therefore, anaemia is needed to be screened
for routinely and supplements have to be employed in this
setting.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements
We are very grateful to people who participated in this study. IA was
supported by the University of Khartoum, Khartoum, Sudan.

Author details
1Faculty of Medicine, Kassala University, Kassala, P. O Box 496, Sudan. 2Faculty
of Medicine, University of Khartoum, P.O. Box 102, Khartoum, Sudan. 3Ministry
of Health, Kassala, P.O. Box 74, Kassala, Sudan. 4Department of Obstetrics and
Gynecology, Faculty of Medicine, Kassala University, P.O. Box 496, Kassala,
Sudan.

Authors’ contributions
TAM, MAA and MFS carried out the study and participated in the statistical
analysis and procedures. AAA and IA coordinated and participated in the
study design, statistical analysis and the drafting of the manuscript. All the
authors read and approved the final version.

Received: 17 July 2011 Accepted: 26 April 2012 Published: 26 April 2012

References
1. De Benoist B, McLean E, Egli I, Cogswell M: Worldwide prevalence of anaemia

1993–2005: WHO Global Database on Anaemia. Geneva: World Health
Organization; 2008.

2. Woodman R, Ferrucci L, Guralnik J: Anemia in older adults. Curr Opin
Hematol 2005, 12:123–128.

3. Lipschitz D: Medical and functional consequences of anemia in the
elderly. J Am Geriatr Soc 2003, 51:S10–S13.

4. Penninx BWJH, Pahor M, Cesari M, et al: Anemia is associated with
disability and decreased physical performance and muscle strength in
the elderly. J Am Geriatr Soc 2004, 52:719–724.

5. Patel VK: Epidemiology of anemia in older adults. Semin Hematol 2008,
45:210–217.

6. Adam I, Khamis AH, Elbashir MI: Prevalence and risk factors for anaemia in
pregnant women of eastern Sudan. Trans R Soc Trop Med Hyg 2005,
99:739–743.

7. Ahmed Suleiman MM, Aro AR, Sodemann M: evaluation of tuberculosis
control programme in Khartoum state for the year 2006. Scand J Public
Health 2009, 37(1):101–108.

8. Choi CW, Lee J, Park KH, Yoon SY, Choi IK, Oh SC, Seo JH, Kim BS, Shin SW,
Kim YH, Kim JS: Prevalence and charecteristics of anemia in elderly: cross-
sectional study of three urban Korean population samples. Am J hematol
2004, 77:26–30.

9. Smith DL: Anemia in the elderly. Am Fam Physician 2000, 62:1565–1572.
10. Olaniyi JA, Aken’Ova YA: Haematological profile of patients with pulmonary

tuberculosis in Ibadan, Nigeria. Afr J Med Med sci 2003, 32:239–242.
11. Aziz R, Khan AR, Qayum I, ulMannan M, Khan MT, Khan N: Presentation of
pulmonary tuberculosis at Ayub Teaching Hospital at Abbottabad. J Ayub
Med Coll Abbottabad 2002, 14:6–9.

12. Weiss G, Goodnough LT: Anemia of chronic disease. N Engl J Med 2005,
352:1011–1023.

13. Redd AD, Avalos A, Essex M: Infection of hematopoitic cells by HIV-1
subtype C, and its association with anemia in southern Africa. Blood 2007,
110(9):3143–3149.

14. National Malaria Programme: Sudan Strategic Plan for RBM, 2001–2010.
2001.

15. Adam I, Khamis AH, Elbashir MI: Prevalence and risk factors for anaemia in
pregnant women of eastern Sudan. Trans R Soc Trop Med Hyg 2005,
90:739–743.

16. Ferrucci L, Maggio M, Bandinelli S, Basaria S, Lauretani F, Ble A, Valenti G,
Ershler WB, Guralnik JM, Longo DL: Low testosterone levels and the risk of
anemia in older men and women. Arch Int Med 2006, 166:1380–1388.

17. Mohamed AA, Ali AA, Ali NI, Abusalama EH, Elbashir MI, Adam I: Zinc, parity,
infection, and severe anemia among pregnant women in Kassala,
eastern Sudan. Biol Trace Elem Res 2011, 140:284–290.

doi:10.1186/1756-0500-5-202
Cite this article as: Abdallah et al.: Anaemia among adults in Kassala,
Eastern Sudan. BMC Research Notes 2012 5:202.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Findings
	Conclusion

	Findings
	Background

	Material and Methods
	Statistic analyses
	Ethics

	Results
	Patients&rsquo; characteristics
	Predictors of anaemia

	Discussion
	link_Tab1
	Conclusion
	show [ci]
	Acknowledgements
	Author details
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


