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Abstract
Introduction Iron deficiency anemia (IDA) is the most prevalent diet-related disorder and mainly affects women 
and children. To determine the trend of anemia incidence in Pakistan, a current review was carried out. This review 
aimed to estimate the prevalence of anemia among pregnant women and adult/adolescent nonpregnant women in 
Pakistan and to provide a 15-year trend analysis.

Materials and methods Studies were identified by searching PubMed, Google Scholar, Scopus, and Science 
Direct, complementing this digital exploration, and a manual review of reference lists from previously published 
prevalence studies was performed to enhance the scope of relevant articles. A total of twenty-seven population-
based anemia studies on adolescent/adult females and pregnant women published in Pakistan from January 1st-
2007 until December 2021 were included. Systematic data extraction was facilitated through the implementation 
of a standardized and rigorously pretested data extraction checklist. For the subsequent analysis, the sophisticated 
capabilities of R statistical software were harnessed. The I2 test was used to assess heterogeneity among studies, and 
the pooled prevalence of anemia was calculated.

Results The final analysis included 27 research articles as well as two extensive National Nutrition survey reports, 
NNS 2011 and NNS 2018. The forest plot of sixteen studies on pregnant women revealed that the overall pooled 
prevalence of anemia among pregnant females in Pakistan was 70.4% (95% CI: 0.619, 0.789), and the forest plot 
of eleven studies on non-pregnant adolescent and adult females reported the pooled prevalence was 54.6% 
(95% CI: 0.422, 0.669). Subgroup analysis among pregnant women based on region, trimester and socioeconomic 
status revealed that the highest anemia incidence was observed in Punjab (77.4%). Similarly, females in the second 
trimester reported a higher prevalence of anemia 78% (95% CI, 0.556 1.015), and the status-wise group with a mixed 
background reported a higher prevalence 72.8% (95% CI, 0.620 0.835). According to the subgroup analysis, eleven 
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Background
Anemia is a condition in which the amount of hemoglo-
bin in the blood decreases along with a decrease in the 
red blood cell mass [1]. There are several forms of ane-
mia; however, iron deficiency anemia frequently occurs. 
Iron deficiency may result from a single or a combina-
tion of several major factors: (I) insufficient dietary iron 
consumption and/or decreased dietary bioavailability 
[2]. (ii) A surge in iron requirements by the body, e.g., 
during pregnancy and periods of rapid growth in young 
children and adolescents; [3], (iii) chronic iron loss, e.g., 
during menstruation in women of reproductive age or 
due to ulceration and parasitic infestation; and [4, 5], (iv) 
impaired iron utilization after ingestion, as occurs with 
chronic and recurrent infections. Other causes of nutri-
tional anemia in addition to iron deficiency include folic 
acid, vitamin C, copper, and vitamin B2 and B12 deficien-
cies [6, 7].

Iron deficiency anemia (IDA) is characterized by 
hemoglobin levels below a specific threshold. The WHO 
recommends a hemoglobin level of 120 gm/L for non-
pregnant women (aged 15 years and older), 110 gm/L for 
pregnant women, and 130 gm/L for males (aged 15 years 
and older) [1]. Additionally, there are three types of iron 
deficiency: mild, moderate, and severe. Mild deficiency 
is defined as having reduced deposits with an average 
production of hemoglobin and iron-dependent protein. 
The cutoff values for nonpregnant women are 11–11.9, 
and for pregnant women 10–10.9, marginal deficiency 
is characterized by average Hb concentrations, reduced 
iron reserves, and impaired synthesis of iron-depen-
dent proteins [2]. When iron stores are further depleted 
and Hb levels decline, anemia progresses to a moderate 
state, if it remains untreated, subsequently leading to 
severe forms, the cutoff values in pregnant women are 
7–9.9, moderate and severe < 7; however, in nonpregnant 
women, the values are 8–10.9 for moderate anemia and 
< 8 for severe anemia [3].

One-third of the world’s population is anemic and iron 
deficiency accounts for half of the cases [4]. It is a criti-
cal problem for global public health that affects physical 
health, referral to medical specialists, and maternal and 
infant mortality. The vulnerable population included 
pregnant females, young females of childbearing age, 
and children [5]. Iron deficiency anemia is frequently 

linked to several chronic conditions, including cancer, 
inflammatory bowel disease (IBD), kidney disorders, and 
chronic heart failure [6, 7]. Anemia is related to unfortu-
nate immediate and long-term health consequences [16].

Despite current community, financial, and health-
related developments, anemia remains a widespread 
international health problem that affects people at every 
stage of life and has serious implications for health and 
life [17]. Although women and young children are the 
populations most affected by anemia, they do not have 
enough access to interventions and supplementation in 
underdeveloped countries or in certain developing coun-
tries. According to a World Bank analysis, the prevalence 
of anemia in women increases almost everywhere in the 
world as income declines. In several countries, the preva-
lence is twice as high among poor people as among those 
from good socioeconomic backgrounds. [18, 19].

The incidence of anemia is an important indicator for 
both advanced and underdeveloped countries [8], with 
a prevalence of 9% in developed countries and 43% in 
underdeveloped countries [20]. The global prevalence 
in women is approximately 15–18% [21], 78.5–78.8% 
in adolescent girls, and 33% in women of childbearing 
age 15 to 49 years worldwide [22], increasingly posing a 
threat to population health [23]. Anemia in developing 
countries has a variety of causes and effects described in 
the literature, although they are not all summarized in 
one place [24].

Therefore, the objective of this systematic review was 
to review and synthesize the literature on the incidence 
of IDA in Pakistan over the last 15 years.

Research methodology
A systematic review and meta-analysis of eligible pub-
lished studies was conducted to determine the pooled 
prevalence of anemia among females in Pakistan.

Identifying the research question
The present study investigated the prevalence of IDA 
among pregnant females and nonpregnant adult/adoles-
cent females in Pakistan.

Search strategy and guidelines
A review procedure, including a strategy for search and 
data-gathering methods, was created. The Population, 

studies of adult nonpregnant groups of mixed socioeconomic status reported a higher prevalence of 56.9% (95% CI, 
0.292 0.845).

Conclusion In Pakistan, anemia, is widespread among pregnant women and nonpregnant adolescent/adult females. 
A deeper understanding of anemia in Pakistani women is necessary for targeted interventions and policy decisions to 
predict demographic shifts.

Keywords Iron deficiency, Pregnancy, Adolescent females, Anemia, Pakistan
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Intervention, Comparison, Outcomes, and Study Design 
(PICOS) section was established based on review ques-
tions to identify search keywords.

The search also included a gray literature search, and 
references were searched manually for selected articles. 
A search was conducted from January 2022 to May 2022. 
The PubMed, Scopus, ScienceDirect, and Google Scholar 
databases were searched using the PICOS identifiers for 
the research questions and associated terms. ((Preva-
lence, OR “Frequency*” OR “Incidence”) AND (“Iron 
deficiency anemia OR anemia OR IDA)) AND (“Adoles-
cent girls” OR nonpregnant females”) AND (“pregnant*”) 
AND (“Pakistan”)).

Inclusion criteria
Studies that included descriptive and cross-sectional 
designs were included. Only papers published between 
2007 and 2021 were considered because our focus was 
on the most recent developments and previous publica-
tions were difficult to find. We also searched ScienceDi-
rect for more articles because the number of publications 
was low. The reference lists of the publications that were 
included, as well as editorials found through the searches, 
were scanned. We also looked for reports of large-scale 
health surveys on relevant websites and in the Google 
search engine however, studies with secondary data and 
unpublished studies were not included.

This review reviewed community-based studies from 
everywhere in Pakistan as well as national health sur-
veys. Language was not a criterion for excluding studies. 
Retrospective studies including hospital/clinic attend-
ing populations, specifically pregnant women who vis-
ited hospitals/clinics for antenatal follow-up, were also 
included.

All published studies that documented the incidence of 
iron deficiency anemia were included in the analysis. The 
titles and abstracts of all search results were reviewed to 
establish study eligibility. At this stage, all studies that 
had been included were thoroughly evaluated. The cor-
responding authors of interest were contacted with a 
request for the entire paper for papers whose full text was 
not openly available. Studies with small sample sizes were 
also included because we had very limited available data 
in our area of interest.

Exclusion criteria
Studies focusing on any type other than iron deficiency 
anemia (e.g., sickle cell anemia), research on patients 
receiving hemodialysis patients with thalassemia or can-
cer, or selective subpopulations were not considered.

Outcome of interest
The primary outcome of interest was iron deficiency 
among nonpregnant adolescent/adult females and the 

prevalence of anemia in pregnant females, hemoglobin 
concentration less than 12  mg/dl is the cutoff for preg-
nant/adolescent females, and a hemoglobin concentra-
tion of 11 mg/dl is the cutoff for pregnant females.

Screening of articles
Three reviewers, BM, and TS FS were independently 
involved in the screening of the articles included in this 
study by using Rayyan software, and their blinding was 
maintained during the screening process. By adhering 
to PRISMA guidelines, the identification procedure and 
selection criteria for the publications are summarized in 
Fig. 1.

Risk of bias
The quality of the included studies was evaluated by an 
independent reviewer, conflicts on study selection were 
resolved through discussion, studies with mutual consen-
sus were included, and two independent reviewers con-
ducted critical assessments and cross-checked the results 
with a third reviewer by using the Newcastle Ottawa 
(NCOS) tool. The characteristics of the studies were eval-
uated using the following indicators. The evaluation find-
ings were calculated using the average scores of the two 
authors.

Heterogeneity assessment
I2 test statistics were used to evaluate the heterogeneity 
of the studies. 25%, 50%, and 75% I2 test statistics were 
regarded as indicating low, moderate, and significant 
heterogeneity, respectively. To analyze the test findings 
that showed heterogeneity, the random effect model was 
applied.

Data extraction
To extract the quality-related data and the fundamental 
study data, two distinct proformas were used in Micro-
soft Excel: clear objectives; proper methodology, includ-
ing design, sampling methodologies, and data collection; 
appropriate analysis; method of hb estimation; risk of 
bias in selection; and constraints, which were all covered 
on the checklist. Prevalence data as percentages of ane-
mia were collected individually for adolescent girls and 
pregnant women. A study was removed when there was 
a significant reason to doubt its validity, and tables were 
created to summarize the information.

Results
Results synthesis
The authors first extracted the relevant data from the 
selected studies, entered the data into Microsoft Excel 
2016, and used R statistical software to assess the out-
comes. A table and a forest plot were used to repre-
sent and report the results. By applying the binomial 
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Table 1 PICOS identifiers with keywords and additional terms used to generate data from databases
Variable Population(P) Intervention

(I)
Comparison
(C)

Outcome
(O)

Study
design(S)

Key
words

Pregnant women and ado-
lescent girls in Pakistan

NA NA Frequency, Prevalence Iron
deficiency
Anemia

Cross
sectional

Additional
terms searched

Sindh, Punjab*, Baluchistan,
AJK**, Gilgit Baltistan

NA NA Rates, proportion 
magnitude.

Anemia, Hemoglobin, 
Iron deficiency

Observa-
tional

* KPK: Khyber Pakhtunkhwa **AJK: for Azad Jammu and Kashmir

Fig. 1 Flowchart describing the details of the papers included in the review
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distribution formula, the standard error of the incidence 
of anemia for each original study was calculated. Using 
the I2 test, any potential heterogeneity was investigated 
in the stated prevalence of the studies. A random effects 
model was employed to estimate the Der Simonian and 
Laird’s pooled effect.

Study selection
A literature search revealed a total of 102 studies on 
various kinds of anemia risk factor prevention, etc. Due 
to duplication, 10 of them were eliminated. Another 26 
studies were eliminated after the titles and abstracts were 
screened because the content was irrelevant to the goal 
of our review, as we were bound to include studies on 
IDA prevalence in females. We eliminated 37 of the 66 
preselected papers because they did not match the selec-
tion criteria.

Study characteristics
Two National Health Surveys were considered: NNS 
2011 and NNS 2018. Eleven studies on nonpregnant 
women/adolescent girls with 2,294 participants were 
included, and sixteen studies on IDA incidence among 
pregnant women with 9,263 participants were included 
in this systematic review. The data were obtained from 
seven studies conducted in Sindh, ten studies from Pun-
jab, five studies from KPK, two studies from Baluchistan, 
two studies from AJK, and two national nutritional health 
surveys that show prevalence throughout the whole 
country. According to the WHO criteria, 12 mg/dl is the 
cutoff for pregnant/adolescent females, and 11  mg/dl is 
the cutoff for pregnant females [9].

Quality assessment of studies
The studies included in the current review were cross-
sectional. The New Castle Ottawa tool was used to assess 
overall quality. Among the group of adolescent girls, 
11 studies were included. Of these 11 studies, five were 

Table 2 Prevalence of anemia in Pakistan according to the National Nutrition Survey (NNS)
Variable Population Total Rural Urban Sindh Punjab BN KPK GB AJK
NNS
2011
[10]

Pregnant women 51% 50.5% 50.3% 59.7% 30.2% 49.7% 30.2% 33.6% 43%
Non-pregnant women 50.4% 50.9% 49.3% 62.0% 48.6% 48.9% 35.6% 23.3% (41.0%)

NNS 2018
[11]

Pregnant women 35.2% 38.2% 30% 38.2% 36.1% 53.9% 14.3% 29.6% 34.8%
Non-pregnant women 43% 44.6% 40.6% 45.7% 41.3% 61.8% 34% 36.1% 56.4%

BN = Baluchistan, KPK = Khyber Pakhtunkhwa, GB = Gilgit Baltistan, AJK = Azad Jammu Kashmir, NNS = National Nutrition Survey

Table 3 Studies on the prevalence of anemia among adolescent girls/nonpregnant women in Pakistan with demographic details
Study area Year Authors Population Age Total 

events
SES NCOS Method of Hb 

estimation
Prevalence

Karachi 2009 Tahir Ansari et al. [12] Adult Females 15–45 200 poor 07 -- 44.5%
Peshawar 2010 K.Muhammad Tahir et 

al [13]
Adults 22 259 good 05 Hem analyzer, France 23.9%

Lahore 2017 Fatima Hassan et al 
[14]

Adolescent
Girls

13–19 112 poor 04 -- 68.8%

Karachi 2017 F.AZIZ et al. [15] Adults 18–24 160 good 04 Cyanmethemoglobin 
method

63.12%

Lahore 2017 Saadia Shahzad et 
al [16]

Adolescent
Girls

---- 150 Mixed 05 Sahli ‘s 84%

Peshawar 2018 Riaz gul et al [17] Adolescent
Girls

13–19 400 mixed 09 Sahli ‘s 61%

Mardan 2018 Sahib gul et al [18] Adult females 19–25 50 Mixed 07 Hematology analyzer 10%
RWP 2018 Rabia Mehmood et 

al [19]
Adolescent
Girls

11–19 104 mixed 07 Hemocue, portable HB 
analyzer

71.2%

Nawab Shah 2019 Niaz Hussain et al. [20] Adolescent
Girls

10–15 150 poor 05 Hemo Cue HB 
201 + analyzer

67.3%

AJK 2020 Nazneen Habib [21] Adolescent
Girls

10–19 626 - 07 HemoCue Hb 301 
analyzer
(Sweden).

47.9%

Lahore 2021 Zafar et al [22] Adults 18–24 83 good 05 Sahli ‘s 57.8%
NCOS- Newcastle‒Ottawa Scale score

AJK = Azad Jammu Kashmir

SES: Socioeconomic status
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identified as high-quality, with scores of 09 and 07, four 
studies were classified as moderate with a score of 5, and 
two studies were classified as low-quality, with scores 
of 04. Among the second group of pregnant females, 16 
studies were included, among which six studies had high-
quality scores of 7 and 8, seven had moderate quality 
scores of 05 and 06, and three had low-quality scores of 
04 and less than 04.

Figure  1 shows the selection process for the stud-
ies involved. The following databases were used for 
the search: Google Scholar, PubMed, Scopus, and 
ScienceDirect.

Data were extracted from studies conducted in differ-
ent geographical regions of Pakistan by using various key 
terms from the PICOS. The frequency, rates, prevalence, 
proportion, and magnitude of iron deficiency in young 
females are shown in Table 1.

Table  2 shows the results of two national nutrition 
surveys, which depict anemia incidence from various 
geographical locations in Pakistan. In both surveys, the 
population residing in rural settings had a greater preva-
lence than the females residing in urban areas, and a sim-
ilar pattern was observed in pregnant and nonpregnant 
individuals in both groups. A survey in the 2011 Sindh 
Province revealed a greater prevalence of anemia in both 
groups, with 59.7% in pregnant females and 62.0% in the 
adolescent/WRA group; however, in the survey in the 
2018 Baluchistan Province, the highest prevalence was 
53.9% and 61.8%, respectively.

Table 3 presents the characteristics of a total of 11 stud-
ies on adolescents/nonpregnant individuals, with 2,294 
sample size studies representing mostly large cities and 
their peripheries; no single study from Gilgit Baltistan 
has been conducted on IDA prevalence to date to provide 
figures.

In the northern areas of Pakistan, a study conducted 
in Peshawar had a sample size of 259 reported 23.9% and 
the study conducted in Mardan had a sample size of 50 
reported 10% showing less prevalence; however, stud-
ies performed in Lahore and Rawalpindi have shown a 
higher prevalence of anemia in the non-pregnant/adoles-
cent group (84% and 71.2%, respectively).

Meta-analysis
To provide a visual summary of the data, a forest plot 
(Fig. 2) was generated to evaluate the pooled effect size 
of each study with their respective confidence intervals 
(CIs). The forest plot of the 11 studies included in this 
analysis revealed that the pooled prevalence of anemia 
among nonpregnant adult/adolescent females was 54.6% 
(95% CI: 0.422, 0.669). We detected significant heteroge-
neity among the included studies, as indicated by the I2 
statistic (I2 = 97.8%, p value < 0.001). Because the DerSi-
monian and Laird random effects model provides more 
conservative effect sizes, we used it to estimate the total 
pooled prevalence of anemia among nonpregnant adult/
adolescent females.

Subgroup analysis
The pooled prevalence of anemia across studies with 
various sample sizes was revealed by subgroup analy-
sis by sample size (Table  4). With a broad confidence 
interval indicating considerable uncertainty, the esti-
mated pooled prevalence for studies with sample sizes 
under 200 was greater at 60.5%. The pooled prevalence 
is also lower—44.4%—for studies with sample sizes over 
200—again, with a confidence interval that considers this 
heterogeneity.

Significant variability among studies within each cate-
gory is indicated by the subgroups’ notably high I2 values 

Fig. 2 Forest plot showing the pooled prevalence among nonpregnant females
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(97.23% and 97.26%) and extremely low p-values (0.001). 
The socioeconomic status subgroup analysis sheds light 
on how anemia prevalence changes between various 
socioeconomic categories. In this analysis, studies with 
participants from mixed backgrounds showed a higher 
prevalence. There was considerable heterogeneity among 
the studies within each of the three categories, as indi-
cated by the large I2 values and extremely low p-values 
(0.001) for all three subgroups.

Table  5 represents a total of sixteen studies with 
9,263 participants on the incidence of anemia in preg-
nant females in Pakistan by year, population, SES, and 
technique used for Hb estimation. The same pattern is 
observed here; almost all studies represent large cities 
or their peripheries. Most of these studies do not use Hb 
estimation techniques. A study from Rawalpindi showed 
the lowest prevalence rate of anemia which was 46.7%, 
with a sample size of 860, and the highest prevalence was 
reported by a study conducted in AJK, which was 91% in 
pregnant females with a sample size of 1000. The preva-
lence of anemia by city of residence showed significant 
differences when compared with studies conducted in 
comparatively small cities, as studies conducted in Kara-
chi, Lahore, Islamabad, and Quetta showed a lower fre-
quency when compared with small cities and peripheries.

Meta-analysis of studies on pregnant women
To offer a visual summary of the data in this meta-anal-
ysis, a forest plot (Fig.  3) was generated to evaluate the 
pooled effect size of each study with their respective 
confidence intervals (CIs). The pooled prevalence of ane-
mia among pregnant women by using the Der Simonian 
and Laird random-effects model, was 70.4% (95% CI: 
0.619, 0.789) as shown by the forest plot of the 39 stud-
ies included in this analysis. We discovered significant 
heterogeneity among the included studies, (I2 = 99.0, 
p-value = 0.001).

Subgroup analysis
The subgroup analysis by region reported in Table  6 
highlights the prevalence of anemia differs across the 
different regions. The pooled prevalence estimate, confi-
dence interval, and measures of heterogeneity differ for 
each region. A higher prevalence was reported in Punjab 
Province, among other regions77.4 (0.630,0.918). Strong 
I2 values and extremely low p-values (0.001) illustrate 
the significant heterogeneity among the studies within 
each region. The Baluchistan region is the exception: no 
observed heterogeneity exists (I2 = 0.00%). Trimester-
wise subgroup analysis of the second trimester reported a 
greater pooled prevalence.

Table 4 Subgroup analysis of a group of adult/adolescent nonpregnant females
Variables Characteristics No studies Prevalence with 95% I2 p-value
By sample size < 200 07 60.5 (0.426 0.784) 97.23% < 0.001

> 200 04 44.4 (0.293 0.596) 97.26% < 0.001
By socioeconomic
status

Lower 03 41.3 (0.653 0.061) 90.85% < 0.001
middle 03 48 (0.201 0.761) 97.62% < 0.001
Mixed 04 56.9 (0.292 0.845) 98.59% < 0.001

Table 5 Characteristics of the study participants (pregnant women
Region Authors Year Age Total events Trimester SES NCOs Hb Estimation method Prevalence
Rawalpindi B Umber Jalil [23] 2007 24–27 860 3rd Middle 06 46.70%
Karachi R Jaleel et al [24] 2008 20–40 159 3rd Middle 05 69.90%
Hyderabad Naila Baig et al [25] 2008 26–28 1369 2nd poor 08 90.50%
Mirpur Khas Rizwan et al [26] 2010 ------- 500 3rd Middle 06 75%
AJK Mohammad Saeed et al [27] 2014 23–36 1000 All mixed 05 91%
Swat Atta Ullah et al [28] 2017 16–45 250 All mixed 04 Mindray hem analyzer 59.20%
Mardan Suleiman Shams et al [29] 2017 18–40 300 All mixed 03 BC 3000 Plus Auto analyzer. 76.6
Lahore Azmat Ullah et al [30] 2019 ------- 390 2nd mixed 07 colorimetric method 57.70%
Bolan Fouzia et al [31] 2019 31–40 1250 All mixed 05 56%
Quetta Akhtar Bibi et al [32] 2019 17–44 625 All mixed 05 Sales 56%
Rural Punjab Mohammad Saqib [33] 2019 23–25 600 All mixed 05 89%
Sargodha Sumbul Qamar et al [34] 2019 20–46 50 2nd mixed 08 SYSMAX hem analyzer 88%
Sargodha Naveed Munir et al (35) 2020 ----- 150 All Mixed 03 89%
ISB Hina Zulfiqar et al [36] 2021 ----- 500 3rd Poor 08 63%
Karachi Erum Jahan et al [5] 2021 ----- 450 All Mixed 08 64.66%
Karachi Huma [37] 2013 20–40 810 All poor 08 54.30%
NCOS- Newcastle‒Ottawa Scale score

AJK = Azad Jammu Kashmir

SES: Socioeconomic status
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Discussion
The pathological condition of anemia is characterized by 
abnormalities in the concentration of red blood cells per 
unit volume, hemoglobin, hematocrit, and erythrocytes 
compared with reference values [6, 44]. These values may 
vary due to certain factors, such as sex, hormonal stimu-
lation, age, developmental stage, and life stage.

According to recent study results, the mean preva-
lence of anemia in adolescents is 54.6%. The minimum 
and maximum prevalence in the adolescent/nonpregnant 
group were 10% and 84%, respectively. The maximum 
and minimum prevalence of anemia reported during 
pregnancy were 91% and 46.7%, respectively. However, in 
a subgroup analysis of pregnant women in Punjab Prov-
ince, a higher prevalence was found, which may be due 
to changes in diet and lifestyle, as most of the studies 

from Punjab measured prevalence in metropolitan areas. 
When socioeconomic status was compared, pregnant 
women from lower classes were found to be more preva-
lent than middle-class women, which could be due to the 
use of nutritional supplements or proper antenatal care 
that helps women become aware of their iron status. In 
pregnant women, the etiology of iron insufficiency is 
constant over time [38]. The high prevalence of IDA was 
caused by multiparity, close birth intervals, low socio-
economic status, and lack of education. In addition, most 
pregnant women visited the clinic in the later trimesters. 
Therefore, they were deficient in iron at the time of con-
ception. Iron supplement noncompliance was also found 
to be a significant contributing factor. Although almost 
all South Asian nations, including Pakistan, have national 
anemia control programs, this issue still exists.

Table 6 Subgroup analysis of pregnant females
Variables Characteristics No studies Prevalence with 95% I2 P-value
By region Punjab 06 77.4 (0.630,0.918) 98.12% < 0.001

Sindh 05 70(0.550, 0.867) 99.0% < 0.001
Baluchistan 02 56(0.538 0.582) 0.00 < 0.001
KPK 03 75 (0.578 0.938) 98.2% < 0.001

By
Socioeconomic
status

Lower 03 69.2 (0.440 0.944) 99.53% < 0.001
Middle 03 63(0.433, 0.841) 98.46 < 0.001
Mixed 10 72.8 (0.620 0.835) 98.9 < 0.001

By trimester second 03 78(0.556 1.015) 98.68 < 0.001
Third 04 63(0.493 0.777) 97.71 < 0.001
All 09 70(0.590 0.825) 99.13 < 0.001

Fig. 3 Forest plot showing the pooled prevalence among pregnant females
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Among the adolescent/adult nonpregnant group, a 
severe prevalence was observed in the age group between 
11 and 15 years in various studies, possibly due to men-
arche. Most of the research on adolescent age groups 
showed that the mean hemoglobin levels for those age 
groups, or those 13 to 14 years of age [39, 40], were the 
lowest [41]. This may have been related to the start of 
menstruation after reaching menarche age. Overall, IDA-
positive women showed a similar pattern, with the high-
est prevalence observed in our study.

Although there is no discernible difference between the 
nutritional status and consumption of boys and girls, dif-
ficulties do occur for females in adolescence and adult-
hood, according to the National Nutritional Survey 
Pakistan (NNS) in 2011 [10]. Moderate to severe anemia 
can result from inadequate nutritional consumption. 
Adolescent girls and women of childbearing age are more 
at risk for iron deficiency due to the fetal requirement 
of iron and blood loss during menstruation, pregnancy, 
and childbirth [42]. According to NNSs in Pakistan, more 
than half (56.6%) of adolescent females have anemia yet 
only 0.9% of them have severe anemia. Similarly, young 
women in rural areas are more likely than their peers 
(58.1%) to be anemic compared to urban areas (54.2%).

Although we cannot rule out the possibility that some 
of the observed anemia is caused by other factors, ane-
mia is characterized by a poor synthesis of hemoglobin 
in an advanced stage of iron deficiency [43]. Iron defi-
ciency can also be caused by certain hemoglobinopathies, 
and anemia has been linked to other nutritional deficits. 
Furthermore, iron is sequestered, and its mobilization for 
erythropoiesis is reduced because of vitamin A insuffi-
ciency, which is thought to be the second most common 
cause of moderate anemia [44]. Additionally, studies have 
shown that riboflavin, folate, and vitamin B12 deficiency 
might result in anemia [45].

All studies have demonstrated a substantial propor-
tion of anemia cases even though anemia estimates vary 
significantly due to different methodologies and mea-
surement procedures. Therefore, immediate action to 
address this issue is needed. When the prevalence of 
anemia is greater than 40%, the WHO and UNICEF 
strongly recommend that universal supplementation be 
implemented.

Conclusion
The current study illustrates the significant burden of 
anemia on public health in Pakistan, especially for ado-
lescent females/women of reproductive age and preg-
nant mothers. However, this study cannot conclusively 
determine the precise etiology of individual studies, but 
it offers comprehensive details on the frequency and 
possible causes, such as dietary patterns, age-associated 
vulnerabilities, and disparities in socioeconomic status. 

These data provide a strong foundation for planning 
comprehensive strategies that help to address the chal-
lenge of combating IDA in Pakistan.

A multifaceted strategy is needed for effective treat-
ments. It is critical to address the underlying social, eco-
nomic, and educational issues affecting women and girls. 
This includes measures to increase the availability of 
iron-rich nutrition, and iron supplementation, strengthen 
the healthcare system, and encourage public awareness of 
the value of prenatal care and healthy eating habits. The 
government must act decisively to improve educational 
standards, the socioeconomic status of women, the avail-
ability of health professionals, and the intensity of pub-
lic education. Changes in health behaviors are needed, 
as is compliance with government-recommended pro-
grams. Furthermore, additional research is required to 
determine the precise impact that hemoglobinopathies 
and vitamin deficiencies have on regional variations in 
the prevalence of anemia. By implementing these com-
bined initiatives, the disease burden can be significantly 
reduced, and the health and well-being of the Pakistani 
population can be improved.

Limitations
Certain limitations should also be discussed. Numerous 
studies on females in the reproductive age range that 
included both pregnant and nonpregnant women were 
omitted due to the mixed population. Furthermore, sev-
eral relevant articles that were listed on search engines 
were not accessible; if they could be accessible, a clearer 
picture would be possible. Although we have found most 
of the data through our methodical methodology, there 
may still be numerous results regarding the prevalence of 
anemia that have not been published or made available 
online. Substantial heterogeneity was found while per-
forming metanalysis and the use of various sample proce-
dures for hemoglobin measurement may be one of several 
factors contributing to the observed variation within the 
examined research. Because different approaches, tools, 
and protocols are used in different studies, the proce-
dure for measuring hemoglobin levels can change greatly 
between these methods. The different methods used to 
assess hemoglobin may cause variations in the preva-
lence of anemia that are reported. Additionally, the sam-
pling strategy itself may be a factor in causing variance; 
however, the employed studies were cross-sectional but 
used different sampling techniques. The subjective evalu-
ation of quality assessment limited the review as well. 
Even though the data were unsuitable for meta-analysis, 
the systematic approach is a valuable and understand-
able way to summarize the data and clearly show where 
gaps exist. Creating the best mitigation methods for this 
issue requires precise estimations of the present anemia 
prevalence. It would be helpful to use perspective and 
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standardized data gathering, preferably from samples of 
the total population, to better understand the prevalence 
of anemia in Pakistan.
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