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Prevalence and risk factors of preoperative
anemia in patients undergoing elective
orthopedic procedures in Northwest Ethiopia:
a multicenter prospective observational
cohort study
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Abstract

Background Preoperative anemia is a common hematologic problem in major orthopedic surgery in developing
countries. It is a condition in which the number and size of red blood cells are insufficient to meet the body’s
physiologic needs, consequently impairing the capacity of the blood to transport oxygen to the body. Preoperative
anemia is common in elective orthopedic surgical patients and is an independent risk factor for perioperative
morbidity and mortality. This study aimed to assess preoperative anemia prevalence and risk factors in patients
undergoing elective orthopedic procedures.

Method A multicenter prospective observational cohort study was conducted from June 01 to August 30, 2022. A
systematic random sampling technique was used to select the study unit. Data were collected using a structured
questionnaire. Descriptive statistics were expressed in percentages and presented with tables and figures. Binary
logistic regression was used to see the association between independent and dependent variables. A P-value < 0.05
was considered statistically significant.

Result Preoperative anemia’s prevalence and risk factors in patients undergoing elective orthopedic

procedures was 24.1[95%Cl= (18.2-30.6)]. Multivariable logistic analyses showed that low monthly income level
[AOR:5,95%Cl:(1.36-7.98)], patient with cancer [AOR:3.4,95%Cl:(3.7-8.84)], patient with malaria infectious [AOR:
3.2,95%Cl:( 1.13-8.91)], patient with anti-retroviral therapy [AOR: 5.2,95%Cl:( 1.8-11.04)], and previous history of surgery
[AOR:1,95%Cl(1.43-2.4)], were factors significantly associated with preoperative anemia.

Conclusion The prevalence of preoperative anemia among adult patients who underwent elective orthopedics
procedures was high. Low Monthly income, patients with cancer, patient with malaria infection, and patients with

anti-retroviral therapy, previous histories of surgery were found significantly associated with preoperative anemia. So,
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we recommend to health professional’s early identification, diagnosis and treatment of preoperative anemia should
be done to reduce the risks of anemia and related adverse outcomes.

Keywords Elective orthopedic surgery, Preoperative anemia, risk factors

Introduction

Anemia is a major health problem globally, which can
cause a vicious impediment to the quality of life, mortal-
ity, morbidity, and socioeconomic progress of individu-
als especially in developing countries [1, 2]. Preoperative
anemia is a common condition, affecting almost a third
of the global population, and it is the most frequently
observed impairment worldwide according to the Global
Burden of Disease study [3].

According to the world health organization anemia can
be defined as the reduction of a hemoglobin (Hb) level
below 12 g/dL for non-pregnant women and 13.0 g/dL
for men [4]. Anemia is associated with increased mor-
bidity and mortality in women, child growth faltering,
impairment of cognitive function, increased chances of
various kinds of infection, and loss of productivity from
impaired work capacity resulting in a substantial eco-
nomic burden to the family and entire population [5, 6].

Pre-operative anemia is a powerful indicator of the
need for blood transfusion; however, transfusion itself is
independently associated with increased length of stay,
surgical complications, and increased morbidity and
mortality in orthopedic patients [7, 8].

Pre-operative anemia is independently associated with
an increased risk of adverse outcomes following surgery;
increased length of intensive care and prolonged hospital
stays; perioperative complications; and increased mortal-
ity and morbidity of patients [9, 10].

Preoperative anemia (PA) is a risk factor for poor
postoperative outcomes, increases the risk of oxygen
depletion, and increased morbidity and mortality in
orthopedic surgery [11]. Elective major orthopedic sur-
gery (MOS), including knee and hip replacement and
instrumented spinal fusion, is associated with substantial
perioperative blood loss [12].

In orthopedics surgery, preoperative anemia is a com-
mon hematologic condition and an independent risk
factor for perioperative morbidity and mortality. When
compared to patients who are not anemic, anemia
increases the chance of death from respiratory (respira-
tory failure and hypoxia), cardiac (myocardial infarction,
congestive heart failure, and cardiac arrest), septic, multi-
organ failure, and hemorrhagic [13].

According to different study the prevalence of preop-
erative anemia in orthopedics surgery range from 7 to
35% [14]. Pre-operative anemia prevalence varies by age,
gender, comorbidities, surgical indication, lifestyle, and
socioeconomic level, as well as the criteria used to define
anemia [15, 16].

Methods and materials

Study area The study was conducted at Debre Tabor
comprehensive specialized Hospital and Felege Hiwot
comprehensive specialized Hospital in the Amhara
regional state of Northwest Ethiopia. All of these Hos-
pitals have operation rooms that give services on elec-
tive and emergency bases. Approximately 15,000—20,000
patients undergo surgery in these hospitals per year. These
referral hospitals were providing services for a population
of around 30 million populations. These hospitals pro-
vide services like diagnosis, and treatment, for different
procedures.

Study design and period
A multicenter prospective observational cohort study
was conducted from June 01 to August 30, 2022.

Source population

All adult patients who were scheduled for major elective
orthopedic surgery who underwent surgery in Amhara
Regional State Governmental Hospitals of Ethiopia.

Study population

Selected patients who underwent major elective ortho-
pedic surgery in selected Amhara regional state govern-
mental Hospitals of Ethiopia during study period.

Inclusion and exclusion criteria

Study participants who were included in this study
selected all patients 18 years and above who underwent
major orthopaedics surgery were included. No preop-
erative haemoglobin record, Patient refusal, day-case
surgery, and Patient on treatments of anaemia would be
excluded from the study.

Dependent variable
Preoperative anemia of major elective orthopedic
surgery.

Independent variables

Socio-economic and demographic variables (age, sex,
BMI, ASA status, educational status, occupation, resi-
dence), comorbidity (peptic ulceration, myocardial
infarction, hypertension, HIV, malaria, diabetes mel-
litus, malignancy, asthma, and renal disease), medica-
tions (chronic use of non-steroidal anti-inflammatory
drugs (NSAID), antiretroviral therapy, and chemotherapy
drugs.
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Sample size and sampling technique

At the national level, there is no documented information
on the prevalence of preoperative anemia in orthopedics
surgery and its associated factors. Using the finite popu-
lation correction formula, the sample size was estimated
by assuming a 0.5 prevalence of preoperative anemia in
orthopedics surgery and a 5% margin of error at a 95%
confidence interval using the following calculations.

n=(Zu)°P (1-P) /d?

Where; n=sample size Z=confidence interval (1.96)
P=estimated prevalence (0.5) d=margin of sampling
error to be tolerated (0.05) & &= 5%.

n=(1.96)° x 0.5 (1 — 0.5) / (0.05)* =384

The total number of adult elective orthopedics surgery
performed in the hospital annually was below 10,000 and
we found only average of 92 elective orthopedics surgery
procedures done per a month by reviewing the operation
registry and we were taken three consecutive months
with similar to our data collection month. So, we were
taken the three months totally we were taken 276. So we
decided to apply reduction formula to obtain an achiev-
able sample size.

nf=n/ (1+n/N), N=276.... correction formula for pop-
ulation less than 10,000.

So, nf=384/ (1+384/276)=160.6 Correction formula
for population less than 10,000. Major elective orthope-
dic surgery patients.

We added 10% of nf for the non-response rate; (i.e.,
160.6+16=176.6); As a result, a total of 177 adult major
elective orthopedic surgery patients were included in this
research.

Finally a systematic sampling technique was used to
obtain the required sample size. The second case was
chosen by lottery, and every k™ patient was chosen for
the study period.

k=N/n, where n = total sample size = 177

N=population the last three months 276, sample
interval=276/177=1.56=2.

Therefore, the sampling interval was two and the first
study participant was selected using the lottery method
from the daily surgery list of major elective orthopedics
scheduled case.

Data collection instruments and procedures

Data was collected by using an English version struc-
ture questionnaire taken from studies and translated
to the Amharic language. The data collection proce-
dure includes chart review and patient interview using
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a structured questionnaire. Data was collected from
patients or caregivers by using a structured checklist
questionnaire. Hemoglobin measurements were obtained
from the patient’s medical records by reviewing charts.
The data was collected by three trained BSc anesthetists
after taking training on how to collect the questionnaire.

Data quality assurance

Pretest was done to ensure the quality of data in 18 (10%)
of the sample size) patients from other hospitals who
were not included in the main study. Then, the necessary
corrections were done accordingly to the questionnaire
for the main study. Three days of training were given to
the data collector and supervisor on the aim and objec-
tive of the study, the supervision, and the data collection
process. The collected data were checked for complete-
ness, accuracy, and clarity. Incomplete data were dis-
carded and counted as non-response. Daily supervision
and feedback were given by the principal investigator and
supervisor during the data collection period.

Data entry, analysis, and interpretation

The collected data were coded, entered into the Epi-data
software (version 7) for cleaning errors, and analyzed
by SPSS version 26. Descriptive statistical analyses were
performed and presented with frequency, percentage,
median, mean, and standard deviation. Hosmer and
Lemeshow test was used to assess the goodness of fit.
Variables with a p-value of less than <0.2 in the Bivariable
logistic analysis were fitted into a multivariable logistic
regression analysis. The associations between the inde-
pendent variables and dependent variables were deter-
mined at a 95% confidence interval with the chi-squared
test, bivariate, and multivariate binary logistic regression,
and presented in crude and adjusted odds ratio. In mul-
tivariable logistic regression analysis, variables with a
p-value <0.05 were considered statistically significant.

Ethical consideration

Ethical clearance was received from the ethical reviewing
committee and permission to conduct this research was
obtained from the research and community service coor-
dinator office of Debre Tabor University with the refer-
ence number CHS/1799/2014. Written informed consent
was presented and obtained from each study participant
according to the principles of the Helsinki Declaration.
The Declaration of Helsinki was considered and princi-
ples and recommendations have been used.

Operational definition

Anemia is reduction of a hemoglobin (Hb) level below
12 g/dL (hematocrit<36%) for nonpregnant women and
13.0 g/dL(hematocrit<39%) for men [17].
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Table 1 Socio-demographic characteristics of study participants
among major elective orthopedic surgery at North West Ethiopia,
(n=170)
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Table 2 frequency of preoperative clinical characteristics of the
patient among elective major orthopedics patients at North West
Ethiopia, (n=170)

Variables Categories Frequency Per- Variables Categories Total(n) Per-
cent cent

(%) (%)
Sex Male 110 64.7 ASA ASA1 145 85.29
Female 60 353 ASA2 23 13.23

BMI <185 10 59 ASA3 2 1.18
18.5-24.9 152 89.4 Hypertension Yes 12 7.06
>25 8 4.7 No 158 92.94

Residence Urban 58 341 Malignancy Yes 49 288

Rural 12 65.9 No 121 712

Educational level Literate 102 60 DM Yes 10 5.88
llliterate 68 40 No 160 94.12

Monthly income High 7 4.1 Malaria Yes 43 253
Medium 23 135 No 127 74.7

Low 140 824 Peptic ulcer Yes 6 353
No 164 96.47

Mild anemia is hemoglobin (Hb) between 11 and 11.9g/  smoking Yes 2 118
dL in non-pregnant women. Moderate: Hemoglobin 8.0- No 168 98,32
10.9 g/dL. Severe: Hemoglobin less than 8.0 g/dL [18]. Asthma Yes 6 353
No 164 96.47

Adult patient - age of patient 18 years and above years  HV Yes 2 118
for both genders. No 168 98.82
Renal failure Yes 15 8.82
Preoperative Hb The most recent Hb assessed within 28 No 155 91.28
days before surgery was considered [19]. Chemotherapy Yes 20 11.76
No 150 88.24
Orthopedic injury is defined as an injury affecting the =~ NSAID Yes 48 2824
musculoskeletal system, which includes injuries to bones, No 122 7176
joints, ligaments, tendons, muscles, and nerves. ART medication ves 2 118
No 168 98.82
Multiple sites fracture defined as any types of fractures sty of Previous Yes 100 58.82
at two or more sites of the musculo-skeletal system. trauma No /0 4118

History of Previous Yes 68 40
surgery No 102 60

Orthopedics surgery - is a type of surgery in which a
medical professional, such as an orthopedist or orthope-
dic surgeon, performs surgery on the bones, joints, and
ligaments of the human body to correct disorders [20].

Result

Socio-demographic characteristics of study participants

A sample of 170 study participants was involved in this
study with a response rate of 96.5%. The majority of par-
ticipants in this study were males 110 (64.7%). Regard-
ing age distribution, the majority of them were under the
age group of 18—49 which account for 113 (66.5%). Of
the individuals (65.9%) were rural and 102(60%) are lit-
erate. only some individuals (4.1%) were business owners
(Table 1).

Clinical characteristics of study participants
Among the total collected 145(85.29%) were ASAIl,
12(12.06%,) were hypertension of these 5(41.67%),

1(0.59%) were malignancy, 10(5.88%) of these (50%)
were anemic, 4(2.35%) of these 100(58.2%) had history
of trauma and 68(40%) had history of previous surgery
(Table 2).

Magnitude of preoperative anemia

According to the study, the prevalence of anemia among
elective major orthopedics patients was 41(24.1%)
[95%CI= (18.2-30.6)].Regarding the severity of anemia,
majority of 25(60.97%) elective orthopedic patients for
anemia was mild anemia, 10(24.4%) was moderate ane-
mia and 6 (14.63%) patient with severe anemia (Fig. 1).

Factors associated with anemia

Multivariable logistic regression analysis shows that
low monthly income, patients with cancer, patients with
malaria infectious, patients with anti-retroviral therapy
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Magnitude of preoperative Anemia

B Anemic patients

m Not Anemic Patient

Fig. 1 Magnitude of preoperative anemia among adult elective major orthopedics surgical patients

Table 3 Bi-variable and multivariable binary logistic regression: Factors associated with preoperative anemia among major elective

orthopedics surgical patients at North West Ethiopia, 2021, (N=170)

Variable Category Anemia COR(95%(Cl) AOR(95%Cl) P
Yes No value
Sex Male 34(30.91%) 76(69.09%) 1 1 -
Female 6(10%) 54(90%) 2.7(1.14-6.2) 2.5(0.96-6.4) 0.061
Monthly income High 1(14.3%) 6(85.7%) 1 1 -
Medium 5(21.7%) 18(78.3%) 2.7(0.59-12.7) 3.6(0.49-6.9) 0.203
Low 35(25%) 105(75%) 3.8(1.3-10.9) 5(1.36-7.98) 0.015
Patient with cancer YES 25 (51%) 24(49%) 1 1 -
NO 16(13.2%) 105(86.8%) 2.1(2.56-6.7) 34(3.7-8.84) 0.002
Chemotherapy YES 31(30.39%) 71(69.61%) 1 1 -
NO 9(13.24%) 59(86.76%) 2.5(0.75-8.31) 5(0.9-284) 0.060
Patient with malaria Yes 28(65.12%) 15(34.88%) 1 1 -
infection No 13(10.24%) 114(89.76%) 2.8(1.26-6.48) 3.2(1.13-8.9) 0.027
DM Yes 5(50%) 5(50%) 24(0.46-12.5) 29(0.4-21.4) 0.275
No 35(21.87%) 125(78.13%) 1 1 -
anti-retroviral therapy Yes 34(34%) 66(66%) 4.4(1.8-10.7) 52(1.8-11.1) 0.002
No 6(8.57%) 64(91.43%) 1 1 -
Pervious history of surgery Yes 20(29.41%) 48(70.59%) 1.7(1.8-3.5) 1(143-24) 0.001
No 20(19.61%) 82(80.39%) 1 1 -

**: significant (p-value <0.05) AOR: adjusted odds ratio, COR: crude odds ratio Cl: confidence interval, I: Reference.

and a history of surgery were factors associated with pre-
operative anemia.

Patients who had low monthly income were 5 times
[AOR: 5, 95%CI :( 1.36—-7.98)] more likely to develop
preoperative anemia than patients who were medium
and high monthly income. Patients with cancer were
3.4 times [AOR: 3.4, 95%CI :( 3.7-8.84)] more likely to
develop preoperative anemia than patients who had no
cancer.

Patients with malaria infectious were 3.2 times [AOR:
3.2, 95%CI :( 1.13-8.91)] more likely to develop preopera-
tive anemia than patients who had not malaria infectious.

Patients with anti-retroviral therapy were5.2 times [AOR:
5.2, 95%CI :( 1.8-11.04)] more likely to develop preopera-
tive anemia than patients who were not anti-retroviral
therapy.

Pervious history of surgery were 1 times [AOR: 1,
95%CI (1.43-2.4)] more likely to develop preoperative
anemia than patients who had not pervious history of
surgery (Table 3).
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Discussion

This study reviled that the magnitude of preoperative
anemia was 41 (24.1%) indicating a higher magnitude.
Out of these, 25(60.97%) were develop mild anemia,
10(24.4%) were moderate anemia, and 6 (14.63%) patients
developed severe anemia. The risk factors analyzed by
multivariable logistic regression, low monthly income,
patients with cancer and malaria infectious, patients with
anti-retroviral therapy, and previous surgery history were
significantly associated with preoperative anemia.

In this study, the magnitude of preoperative anemia
was found to be lower when compared to the study that
was conducted in the United States patients undergoing
elective hips or knee arthroplasty showed that up to 35%
of these patients were anemic before surgery [21].

But this finding is higher than a study conducted in
previous research in hospital-based observation study of
elective orthopedics procedures conducted in Seventeen
centers in six European countries (14.1%) [22] major elec-
tive orthopedic surgery such as knee or hip arthroplasty
or back surgery at University of Lausanne, in Switzerland
20.5% [23] elective orthopedic surgery in Sweden (21.5%)
[24],elective orthopedic surgery in Australia (14.6%) [25].
Possible cause for these variations could be due to differ-
ences in the cutoff value used to measure anemia and in
sample size, date of hemoglobin, in clinical setups, sam-
ple size, and the sampling techniques used difference,
when we used systematic random sampling, but they
were used convenience sampling techniques.

In this study patient with low monthly income was
significantly associated with preoperative anemia. This
result was consistent with a study conducted by WHO
that reported that 97% anemic population lives in low
and middle-income countries [26—28]. The possible rea-
son could be due to poor intake of iron or other nutri-
tional deficiencies this result would affect hemoglobin
synthesis and red blood cell production.

Patients who had malignancy or patients who were
with cancer were significantly associated with preopera-
tive anemia. This result was supported by other studies
[29-32]. This possible reason could be due to directly
or indirectly exacerbating anemia either by suppress-
ing hematopoiesis through bone marrow infiltration or
production of cytokines that lead to iron sequestration,
inhibit release and synthesis of endogenous erythropoi-
etin, reduce the response of erythroid progenitor cells to
erythropoietin, which ultimately impair erythropoiesis.

In this study patients who had a history of malaria
infection were significantly associated with preopera-
tive anemia. This result was supported by other studies
[33, 34]. The possible reason could be due to Malaria
infection causing hemolysis of infected and uninfected
erythrocytes and bone marrow dyserythropoietic which
compromises rapid recovery from anemia.
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Patients who were taken anti-retroviral therapy were
significantly associated with preoperative anemia. This
result was supported by a study conducted by Zerihun
KW et al. [35-38]. The possible reason could be due to
HAART medications would result, decrease production
of endogenous erythropoietin, and hemolysis due to RBC
autoantibodies.

Patients who had a history of previous surgery were
significantly associated with preoperative anemia. This
result was consistent with a study conducted by Y.E. Sim,
and H.E. Wee et al. in Singapore and Switzerland [22,
39]. The possible reason could be post-operative reduced
erythropoiesis and surgery-associated inflammation.

Conclusion and recommendations

The magnitude of Preoperative anemia was high in this
study. Therefore, patients undergoing elective orthope-
dic surgeries should be assessed early enough to allow for
proper investigation and treatment before the scheduled
procedure.

Strength and limitation of the study

The strength of our study was multicenter data collection,
so this was used for the generalization of the result and It
would be helpful as a baseline for future researchers. The
limitations of this study were, the sample size was slightly
lower than the previous study and unable to get enough
articles with similar study designs done in Ethiopia.

Acronyms and abbreviations

ART Antiretroviral therapy

ASA American society of Anesthesiologists
BMI Body Mass Index

DCSH Debre Tabor comprehensive specialized Hospital
DTU Debretabor University

ETB Ethiopian Birr

HAART  Highly Active Anti-retroviral therapy
Hb Hemoglobin

HCP Health Care Profession

HIV Human immunodeficiency virus

vV Intra Venous

MCH Mean corpuscular hemoglobin

MCV Mean corpuscular volume

NSAID Non-steroidal anti-inflammatory drugs
RBC Red blood cells

VTE Venous thromboembolism

WBC White blood cell

WHO World Health Organization
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