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Introduction: Aplastic anemia is a rare and potentially life-threatening hematological 
disorder with incidence of 1.4 to 14 cases/million. It is associated with exposures 
to certain environmental chemicals, drugs and infections. The objective was to investigate 
the association of illness with family history of aplastic anemia, exposure to pesticides and 
chemicals.
Methodology: A hospital-based case–control study (191 cases, 696 controls) was con-
ducted from 1st January 2015 to 31st December 2018 in Karachi, Sindh. Cases were patients 
with diagnosis of aplastic anemia confirmed with bone marrow biopsy. Controls neither had 
aplastic anemia nor other hematological chronic diseases. An in-person interview was 
conducted to collect demographic information, family history of aplastic anemia, and history 
of pesticide and chemical exposure. The adjusted odds ratios (aOR) with 95% confidence 
intervals (CI) were estimated via SPSS v22.
Results: A total of 191 confirmed aplastic anemia cases were selected. Mean age was 29 
years (range: 4–69) and predominantly there were males 129 (67.5%). The majority, 84 
(44.0%), of the cases were aged 16–30 years. In multivariate analysis models, the significant 
associations were observed between aplastic anemia with family history of aplastic anemia 
(aOR=13.3, 95% C.I 3.66–48.50), exposure to pesticides (aOR=2.1, 95% C.I 1.23–3.61) and 
chemicals (aOR=3.6, 95% C.I 2.06–6.34).
Conclusion: This study observed a significant association of aplastic anemia with family 
history of aplastic anemia, exposure to pesticide and insecticide exposure. However, to 
establish this connection, further longitudinal studies are warranted.
Keywords: aplastic anemia, exposure, pesticide, chemicals, family history

Introduction
Aplastic anemia (AA) is a life-threatening hematological illness with reduced 
ability to produce red blood cells, neutrophils, monocytes and platelets. It is 
characterized by the combination of peripheral-pancytopenia and bone-marrow 
hypo-cellularity.1 Certain environmental2 and host related factors begin the auto-
immune reaction,3 leading to bone-marrow failure (disease development). Only one 
case–control study highlighted the environment risk factors for AA in Pakistan.4 

There are limited studies conducted to provide evidence that environmental risk 
factors are associated with AA. Pesticides (organochlorine, organophosphates, 
carbamates and paraquat) are known risk factors for AA.5 Furthermore, chemicals 
(benzene and arsenic) have been found to be significantly associated with AA.6 
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Other risk factors have also been identified such as sero-
negative hepatitis7 and complication (extremely rare) of 
pregnancy.8 Other available literature is only limited to 
case reports/case series that mainly emphasize clinical 
aspects of AA.9,10 A hospital-based case–control study 
was therefore conducted with the objective of studying 
the environmental factors, ie chemicals and pesticides, 
and familial factors involved in AA development.

Methodology
A hospital-based case–control study was done from 1st 
January 2015 to 31st December 2018 with 191 cases and 
696 controls at the National Institute of Blood Borne 
Diseases and Bone Marrow Transplantation Center, 
Karachi, Sindh.

Eligible cases were selected during the routine visit of 
a patient (any sex or age) who had at least two decreased 
blood lines among three criteria defined by (1) hemoglobin 
<10 g/100 mL, (2) granulocytes <1.5×109/L, (3) platelets 
<100×109/L) and also showed bone marrow hypo- 
cellularity on biopsy without significant fibrosis or neo-
plastic infiltration. Cases with radiotherapy, chemotherapy 
or other systemic diseases with pancytopenia such as sys-
temic lupus erythematosus (SLE), hematological malig-
nancy and others were excluded from the study. Cases of 
inherited bone marrow failure syndromes including 
Fanconi anemia, dyskeratosis congenita, Shwachman– 
Diamond syndrome and amegakaryocytic thrombocytope-
nia have to be excluded in all new patients based on family 
history and the presence of typical physical characteristics. 
In addition, patients with dysplastic features and crypto-
genic abnormalities were not included in the research. The 
trained member of theNational Institute of Blood Borne 
Diseases and Bone Marrow Transplantation Center, 
Karachi, Sindh conducted the blood test.

Control participants were individuals identical to the 
cases in baseline characteristics such as age, sex and the 
hospital visited, free from AA. For each case, four controls 
were selected and identified according to admission diag-
nosis (judged to be independent of antecedent risk factors 
of AA). Acceptable diagnoses for inclusion were road- 
traffic-accident trauma, acute abdominal emergencies, 
acute infections and other conditions resulting in admis-
sion for elective surgery, such as hernia repair. The exclu-
sion criteria were the same as for cases.

A closed-ended questionnaire was used to collect infor-
mation from study subjects or from parents of study parti-
cipants <15 years old. Information on (1) socio- 

demographic characteristics including sex, age, ethnicity, 
income status, employment status and education level, (2) 
family history of aplastic anemia and other blood cancer, 
(3) history and use of pesticides (organophosphate, 
dichlorodiphenyltrichloroethane (DDT), mosquito repel-
lents and insecticide) or chemicals (benzene and glycol 
ether) was collected.

The exposure frequency was classified into none, low 
and high in the case and control groups:

None: no exposure of chemicals or pesticides (any),
Low: if individual exposed to chemicals or 

pesticides (<5years),
High: if individual exposed to chemicals or 

pesticides (>5 years).
Frequency and percentages were given for categorical 

variables presented in baseline characteristics. For signifi-
cance of association of categorical variables (cases/con-
trols), the chi-square test was used. Univariate and 
multivariate logistic regression models were run to calcu-
late the odds ratios with 95% confidence intervals. 
p-values≤0.05 were considered as statistically significant. 
All analysis were done using SPSS version 22.

The study protocol was approved by the Ethical 
Review Committee of the Liaquat University of Medical 
and Health Sciences, Jamshoro. Written informed consent 
was obtained from each participant (parents/caregivers for 
minors) before interviews. All patient information was 
anonymized and de-identified prior to analysis by using 
codes and this study was conducted in accordance with the 
Declaration of Helsinki.

Results
A total 191 confirmed AA cases and 696 controls were 
selected for the study. The response rate for cases and 
controls was 98% and 89% respectively. The most com-
mon reason for non-response was patient’s unwillingness 
to participate. The age at diagnosis for the AA cases 
ranged from 4–69 years. Median age of the participants 
was 27 years (cases 26 years and controls 28 years). 
The majority, 84 (44.0%), of the participants belonged to 
the 16–30 year age group. The demographic information 
and socio-economic status for cases and controls are 
shown in Table 1.

Of the total 191 cases, 94 (49%) had moderate type of 
AA, while 59 (31%) and 38 (20%) fulfilled the criteria for 
severe and very severe form of AA, respectively. 
Paroxysmal nocturnal hemoglobinuria (PNH) was 
observed in 17 (9%) AA cases.
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The findings revealed a high proportion (15.7%) of 
cases having familial predisposition of AA as compared 
to controls (3.4%). On univariate analysis, significant 
association was found between positive family history 
of aplastic anemia and risk to develop aplastic anemia 
with odds ratio of 5.2, (95% C.I 2.96–9.16). It means 
that in patients having aplastic anemia, the odds of hav-
ing positive family history is 5.2 times higher as 

compared to controls. As per the confidence interval, 
we are 95% confident that the odds of positive family 
history is 2.96–9.16 times higher in cases of aplastic 
anemia as compared to controls. When the first-degree 
relatives were compared with the controls who had posi-
tive history of AA, the study results found statistically 
significant OR=4 (95% C.I 2.5–9.4) (Table2). The odds 
of having first-degree relatives is 4 times higher in cases 
as compared to controls. The association is precise as 
shown by a narrow confidence interval.

Whereas after adjusting for socio-demographic variables 
such as employment, ethnicity and monthly income, family 
history of aplastic anemia remained significantly associated 
with AA cases (OR=13.3, 95% C.I 3.66–48.50). However 
the wide range of the confidence interval indicated that the 
uncertainty is greater. This might be due to the small sample 
size, single study setting and small duration of the study.

Table 1 Demographic Information and Socio-Economic Status 
for Cases and Controls

Cases  
N=191 (%)

Controls  
N=696 (%)

Age Categories

1–15 years 40 (20.9%) 98 (14.1%)

16–30 years 84 (44.0%) 308 (44.3%)

31–50 years 48 (25.1%) 196 (28.2%)
>50 years 19 (9.9%) 94 (13.5%)

Gender

Male 129 (67.5%) 484 (69.5%)
Female 62 (32.4%) 212 (30.4%)

Social Classes

<10,000 rupees 34 (38.2%) 144 (40.7%)

10,000–20,000 rupees 29 (32.6%) 116 (32.8%)
>20,000 rupees 26 (29.2%) 94 (26.6%)

Education Level

No education 80 (41.9%) 190 (27.3%)

10-Year education 83 (43.5%) 298 (42.8%)
12-Year education 14 (7.3%) 134 (19.3%)

14 to 16-Year education 14 (7.3%) 74 (10.6%)

Family History

No 161 (84.3%) 672 (96.5%)
Yes 30 (15.7%) 24 (3.4%)

Employment Status

Unemployed 104 (54.5%) 438 (62.9%)

Own business 45 (23.6%) 52 (7.5%)
Job in private sector 32 (16.8%) 150 (21.6%)

Job in public sector 10 (5.2%) 56 (8.0%)

Ethnic Group

Sindhi 66 (34.6%) 222 (31.9%)
Seraiki/Gujrati/Hindko 39 (20.4%) 88 (12.6%)

Urdu 30 (15.7%) 132 (19.0%)

Punjabi 22 (11.5%) 136 (19.5%)
Balochi 22 (11.5%) 64 (9.2%)

Pashtu 12 (6.3%) 54 (7.8%)

Table 2 Risk Estimates for Aplastic Anemia with Family History 
of Aplastic Anemia and Other Blood Cancer

Cases (%) Controls (%) OR 95% Lower–Upper

Positive Family History of Aplastic Anemia

Yes 30 (15.7%) 24 (3.4%) 5.2 2.96–9.16

No 161 (84.3%) 672 (96.5%)

Aplastic Anemia Among the First-Degree Relatives

Yes 21 (11%) 21 (3%) 4 2.5–9.4
No 170 (89%) 675 (97%)

Positive History of Other Blood Cancers Among the First- 
Degree Relatives

Yes 10 (5.2%) 14 (2%) 3 1.3—8.3
No 181 (94.8%) 682 (98%)

Positive family History of AA and Risk of Moderate type of 
Aplastic Anemia (Case n=94)*

Yes 10 (11%) 6 (1%) 13.6 4.8–38.6
No 84 (89%) 690 (99%)

Positive family Historyof AA and Risk of Severe type of 
Aplastic Anemia (Case n=59)**

Yes 11 (19%) 6 (1%) 26.3 9.3–74.3
No 48 (81%) 690 (99%)

Positive family History of AA and Risk of Very Severe type of 
Aplastic Anemia (Case n=38)***

Yes 9 (24%) 6 (1%) 35.6 11.9–106
No 29 (76%) 690 (99%)

Notes: *Moderate AA. ** Severe AA. ***Very severe AA.
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Pesticide Exposure
Univariate analysis showed significant association of the 
risk of developing AA with the pesticide exposure 
(OR=3.59, 95% C.I 2.57−5.02) as compared to those 
unexposed. Analysis of the high exposed group showed 
that they were 3 times more at risk in developing AA than 
control (OR=3.4, 95% C.I 2.2−5.2). The population attri-
butable risk was calculated to be 39.8% (Table 3).

While adjusting confounding variables such as gender, 
monthly income, and ethnicity, employment, family his-
tory of aplastic anemia and chemical exposure, the asso-
ciation amongst pesticide exposure and development of 
AA remained statistically significant with OR=2.1 (95% 
C.I 1.23–3.61). The odds of pesticide exposure is 2.1 times 
higher in cases as compared to controls. The association is 
precise.

Chemical Exposure
Development of AA with possible exposure to chemicals 
was also found statistically significant. The cases (29%) 
that had a history of chemical exposure as compared to 
controls who had 17% history of exposure (Pearson chi- 
square=26.30, p-value<0.01). On univariate analysis, it 
was revealed that the odds of occupational exposure 
among cases are 2.66 times higher (OR=2.66, 95% C.I 
1.81−3.89) as compared to controls. Duration of chemical 
exposure of 5 or more than 5years was highly significant 
with development of AA (OR=3.0, 95% C.I 1.94–4.71) 
(Table 4).

After adjusting the other variables, the odds for possi-
ble chemical exposure slightly increased, ie 3.6 times 
higher in cases as compared to controls (95% C.I 2.06–-
6.34). The association is precise.

Table 3 Risk Estimates for Aplastic Anemia with Exposure of 
Pesticides (Organophosphate, Dichlorodiphenyltrichloroethane 
(DDT), Mosquito Repellents and Insecticide)

Case (%) Control (%) OR 95% C.I Lower– 
Upper

Pesticide Exposure

Yes 121 (63.4%) 226 (32.5%) 3.59 2.57–5.02
No 70 (36.6%) 470 (67.5%)

<5 Years Exposure to PesticideS

Yes 75 (39.3%) 181 (26%) 1.8 1.3–2.5

No 116 (60.7%) 515 (74%)

≥5 Years Exposure to Pesticides

Yes 46 (24%) 59 (8.5%) 3.4 2.2–5.2

No 145 (76%) 637 (92.5%)

Pesticide Exposure and Risk of Moderate type of Aplastic 
Anemia (Case n=94)*

Yes 56 (60%) 226 (32%) 3.0 1.9–4.7

No 38 (40%) 470 (68%)

Pesticide Exposure and Risk of Severe type of Aplastic 
Anemia (Case n=59)**

Yes 44 (75%) 226 (32%) 6.1 3.3–11.1

No 15 (25%) 470 (68%)

Pesticide Exposure and Risk of Very Severe type of Aplastic 
Anemia (Case n=38)***

Yes 21 (55%) 226 (32%) 2.5 1.3–4.9

No 17 (45%) 470 (68%)

Notes: *Moderate AA. ** Severe AA. ***Very severe AA.

Table 4 Risk Estimates for Aplastic Anemia with Exposure of 
Chemicals (Benzene and Glycol Ether)

Case (%) Control (%) OR 95% C.I Lower– 
Upper

Chemical Exposure

Yes 55 (28.8%) 92 (13.3%) 2.66 1.811–3.892
No 136 (71.2%) 604 (86.8%)

<5 Year Exposure to Chemicals

Yes 15 (7.8%) 36 (5.1%) 1.56 0.83–2.91

No 176 (92%) 660 (94%)

≥5 Years Exposure to Chemicals

Yes 40 (20.9%) 56 (8%) 3.0 1.94–4.71

No 151 (79.1%) 640 (92%)

Chemical Exposure and Risk of Moderate type of Aplastic 
Anemia (Case n=94)*

Yes 28 (30%) 92 (13%) 2.7 1.7–4.5

No 66 (70%) 604 (87%)

Chemical Exposure and Risk of Severe type of Aplastic 
Anemia (Case n=59)**

Yes 21 (36%) 92 (13%) 3.6 2.0–6.4

No 38 (64%) 604 (87%)

Chemical Exposure and Risk of Very Severe type of Aplastic 
Anemia (Case n=38)***

Yes 6 (16%) 92 (13%) 1.2 0.5–3.0

No 32 (84%) 604 (87%)

Notes: *Moderate AA. ** Severe AA. ***Very severe AA.
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The above association of aplastic anemia with more 
than one pesticide and chemicals has several different 
explanations. It may be due to correlation among the 
different pesticides and chemicals with one or more agents 
which actually increases the risk of disease or it might be 
because of true independent effects of each agent.

Discussion
Our study showed significant association of aplastic ane-
mia with family history of aplastic anemia, exposure to 
pesticide and insecticide exposure. Multivariate analysis 
revealed significant associations among aplastic anemia 
with exposure to pesticides (aOR=2.1, 95% C.I 1.23–3.61) 
and chemicals (aOR=3.6, 95% C.I 2.06–6.34). The asso-
ciation between aplastic anemia and family history of 
aplastic anemia, however, was very high and significant 
(aOR=13.3, OR=13.3, 95% C.I 3.66–48.50). This wide 
range of confidence interval indicates that the precision 
is lesser and demands a higher sample size.

This study is one of the largest investigations to find 
out the risk factors of aplastic anemia in the association of 
family history of AA, pesticides and chemical exposure. 
Demographic variables (for cases/controls) showed the 
same characteristics for age, sex and social status, but 
differences were observed in ethnicity. Most cases and 
controls related from ethnic Sindhi group owing to the 
maximum proportion of population in Sindh Province.

In developed countries11,12 approximately two to four 
incident cases per million are reported every year. Asian 
countries had higher risk13,14 and the risk-difference is 
attributed to environmental exposures.15,16

We have found a male predominance in our study 
while according to Muir et al,12 there was no gender- 
wise difference observed among aplastic anemia cases. 
This may be associated with high involvement of 
males in occupational endeavors as compared to females. 
A comparable finding was reported in a study carried out 
in Brazil.11

In this study, the median age of cases was 26 years 
(range 5–68 years). An Indian study17 showed almost 
similar age (27.5 years). In our findings, a predominate 
44% affected age was 16−30 years (median 23: range 
16–30) followed by 25% in age group 31–50 years (med-
ian 39: range 16–30) with. An Indian study18 reported the 
majority of cases in the group less than 35 years which is 
similar to this study. The associated reason may be high 
involvement of this age category in occupations related to 
exposure of chemicals and pesticides. The current study 

found the highest number of cases belong to low socio- 
economic status (<10,000 rupees/month salary); a similar 
finding was reported by a study17 carried out in India.

Literature review substantiates that chronic exposure of 
pesticide causes the progressive deterioration of bone 
marrow.11 This study supports and provides additional 
evidence for the association between aplastic anemia and 
pesticide exposure with odds ratio 2.2. Strength of asso-
ciation OR 3.4 increased with duration of exposure. On 
multivariate analysis, the study identified a strong associa-
tion of aplastic anemia with exposure to pesticides 
(aOR=2.1, 95% C.I 1.23–3.61). An Indian study19 per-
formed in laboratory20 and a study published in China21 

had shown comparable associations. However, a Thailand 
study had found no increase in AA risk for virtually all the 
pesticides studied.22 We reported 24% exposure of pesti-
cides among cases which is similar to a study done in 
Thailand,6 while Muir et al reported 15.4% in 
professionals of the UK.12 Exposure of domestic pesti-
cides was reported by 54% of the cases in the last six 
months22 while no case related to domestic pesticide was 
identified in the current study. A possible mechanism of 
bone marrow failure is presence of an increased number of 
activated cytotoxic lymphocytes in the bone marrow and 
blood of AA patients. These T lymphocytes are responsi-
ble for secretion of cytokines with ability to suppress the 
proliferation of hematopoietic stem cells.3

In this research, we observed association of chemical 
exposure with aplastic anemia (aOR=3.6, 95% C.I 2.06–-
6.34). Investigation of specific types of chemical is out of 
the scope of the current study, but it gives a suggestion that 
there might be some specific types of chemicals associated 
with occupation. In addition, this study also identified that 
duration of exposure for 5 or more than 5 years with 
chemical increased the odds of illness. An occupation 
like working in a paint factory and as a painter is one of 
the highly reported jobs, which contains increased chance 
of exposure to benzene. In the line of this finding, 
Prihartono et al identified the association with occupa-
tional exposure to chemicals.6 Another study carried out 
in countries of Latin American identified association of 
benzene (OR=4.2, 95% C.I 1.82–9.82) with aplastic 
anemia.11

Our study reports a strong relationship of aplastic ane-
mia with familial history of aplastic anemia (aOR=13.3, 
95% C.I 3.66–48.50) was detected, A retrospective review 
of Japanese cases of aplastic anemia8 identified an excess 
of family consanguinity and severe anemia in the family. 
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However, there was no association of genetic and hema-
tologic familial disease or parental consanguinity with 
aplastic anemia in a study done in France.23 A study in 
201424 reported a family with three generations of indivi-
duals with aplastic anemia. There is a heterozygous muta-
tion was found in the ACD/TPP1 gene among these cases. 
These gene mutations can lead to depletion of hematopoie-
tic stem cells and bone marrow failure. Inherited bone 
marrow failure syndromes and idiopathic AA share sig-
nificant overlap in clinical presentation and bone marrow 
findings, which often poses a diagnostic challenge.2 Of the 
total, 113 (59%) case patients’ parents had a history of 
close blood relation with each other. In Pakistan, due to 
cultural norms, predominately most of the marriages are 
being carried out within close family members like first 
and second cousins. Therefore, the intra-family marriages 
may be the reason associated with bone marrow failure 
syndrome. In this regard, accurate family history of dis-
eases is a cornerstone in the diagnosis of aplastic anemia.

Conclusions and Recommendations
This study confirmed that family history of aplastic anemia is 
predisposed to causation of AA. Moreover, exposure of 
pesticides and chemicals was also found as a risk factor of 
AA. The former factor is unavoidable, however the latter is 
preventable. Our results highlight the importance of regula-
tions required at both community and government level to 
control excessive and unnecessary use of pesticides and 
chemicals.

Study Limitations
The current study findings may be supportive in under-
standing the pathophysiology of aplastic anemia in the 
background of environmental exposures. However, to 
establish this association further longitudinal studies 
are warranted to clarify whether one or more of these 
agents is responsible for this clear pattern of elevated 
risk.
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