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Abstract
Purpose Determine if intravenous iron for antenatal anemia is associated with reduced incidence of postnatal depression 
(PND) within 12 months.
Methods This retrospective cohort study included adult women with antenatal anemia (hemoglobin value of < 11.0 g/dL 
within 3 months before delivery). PND was defined as Edinburgh Postnatal Depression Scale (EPDS) or Patient Health Ques-
tionnaire-9 (PHQ-9) ≥ 10. Data on intravenous iron, lowest hemoglobin concentration, EPDS and PHQ-9 scores, insurance 
status, history of anxiety, depression, chronic pain, and substance use, obstetric complications, labor analgesia, and mode of 
delivery were obtained. Standardized mean difference (SMD) was estimated and multivariable logistic regression models 
were constructed with adjustment for potential confounders with absolute SMD of ≥ 0.1.
Results Data from 3988 women were analyzed. The 368 (9.2%) women who received intravenous iron therapy had lower 
antenatal hemoglobin levels, were more likely to be African American or single/widowed women, and more commonly had  
Medicaid coverage, repeat cesarean delivery, and history of depression compared to those who did not receive intravenous 
iron therapy. Unadjusted analysis showed women who received intravenous iron had higher incidence of PND (18.5%) than 
those who did not (13.4%) (p = 0.008). Multivariable analysis showed no significant association between intravenous iron 
and PND incidence (aOR 1.21, 95%CI 0.89–1.63, p = 0.232), although history of depression (aOR 2.42, 95%CI 1.91–3.08, 
p < 0.001), higher gravidity (aOR 1.09, 95%CI 1.02–1.17, p = 0.016), and Medicaid insurance (aOR 1.44, 95%CI 1.16–1.80, 
p = 0.001) were independently associated with PND.
Conclusion Intravenous iron for antenatal anemia was not associated with significant change in the incidence of PND.
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Introduction

Postnatal depression (PND, onset of depression within 
12 months after childbirth) is a significant clinical and 
societal issue. With a prevalence of 12–19% [1] and over 
140 million births annually, a large population of postnatal 
women is at risk of debilitating morbidity including breast-
feeding difficulty, impaired social function, and increased 
risk of substance abuse [2], while their neonates suffer from 
poor growth or cognitive development, and child abuse [3].

Several factors are associated with PND, including 
pregnancy-related hormonal changes (fluctuations in estra-
diol and glucocorticoid levels), psychosocial factors (poor 
socioeconomic status, lack of social support), poor nutri-
tion (inadequate vitamin D, magnesium, or zinc levels), 
patient characteristics (higher body mass index, race/eth-
nicity, lower physical activity level), obstetric factors (repeat 
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cesarean delivery, severe antenatal/postnatal pain), and 
comorbidity (post-dural puncture headache, preeclampsia, 
preterm delivery, chorioamnionitis, need for intensive care, 
history of depression, anxiety, chronic pain, and illicit drug, 
smoking, or alcohol use) [1, 4–8]. However, many of these 
factors are not amenable to routine clinical assessment or 
modification, which limit their utility in predicting or pre-
venting PND.

Antenatal anemia has been associated with PND (OR 
1.53, 95%CI 1.32–1.78) [1]. Defined as hemoglobin value 
of < 11.0 g/dL, antenatal anemia affects approximately 30% 
of pregnant women [9]. Iron deficiency is the underlying 
etiology for approximately 75% of antenatal anemia [10], 
and is postulated to be a PND risk factor as it also alters neu-
rotransmitter homeostasis and monoamine metabolism, and 
is associated with downregulation of dopamine receptor-1 
expression [11, 12], reduction in dopamine and gamma-
aminobutyric acid (GABA) levels [11, 12], and suppression 
of norepinephrine and serotonin signaling [13], all of which 
have been associated with mood alterations and increased 
risk of depression [1].

At present, few studies investigated the potential asso-
ciations between antenatal iron deficiency or iron therapy 
with PND, particularly within the USA [14]. A case–con-
trol study conducted in Tehran [15] reported no association 
between antenatal oral iron supplementation with PND, and 
another study conducted in Saudi Arabia [16] showed no 
association between antenatal anemia and PND. The lack 
of studies conducted in the USA is concerning, as socio-
economic and environmental factors have great influence 
on PND incidence [1, 17] and limits the generalizability of 
existing data to this population. Furthermore, prior studies 
examined oral rather than intravenous iron formulations. 
Oral iron is associated with delayed onset of clinical effects 
of up to two months, poor duodenal absorption, and gastro-
intestinal adverse effects, which may limit compliance and 
efficacy in treating iron deficiency [18]. Hence, this study 
focused on the use of intravenous iron therapy, which has a 
shorter onset time, better efficacy, and fewer adverse effects 
compared to oral formulations [18].

Given the biological link between iron deficiency and 
PND, and the possibility that pre-emptive antenatal iron 
therapy may forestall PND onset, this study aimed to inves-
tigate the potential association between intravenous iron 
therapy for antenatal anemia and the incidence of PND 
within 12 months following childbirth. We hypothesized that 
intravenous iron will be associated with clinically significant 
reduction in PND incidence of at least 10% compared to 
anemic women who did not receive intravenous iron therapy.

Materials and methods

This retrospective cohort study was approved by Duke Uni-
versity Healthcare System (DUHS) Institutional Review 
Board (Pro00103540) and was exempt from informed patient 
consent requirements as all patient data were fully de-iden-
tified in accordance with the Health Insurance Portability 
and Accountability Act (HIPAA). This article conforms to 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.

Adult women (≥ 18 years old) who delivered via cesar-
ean or vaginal delivery at DUHS between June 2013 and 
August 2019, with antenatal anemia (hemoglobin value 
of < 11.0  g/dL within 3  months prior to delivery), and 
who had Edinburgh Postnatal Depression Scale (EPDS) 
or Patient Health Questionnaire-9 (PHQ-9) scores docu-
mented within 12 months after childbirth were included. We 
excluded women with missing delivery date, missing ante-
natal hemoglobin concentrations, missing EPDS or PHQ-9 
scores, those who received transfusion of packed red cells 
during gestation or within 12 months of childbirth, or with 
history of chronic anemia requiring iron supplementation, 
erythropoietin, or blood transfusions.

The principal exposure under investigation is the pres-
ence versus absence of antenatal intravenous iron therapy, 
determined by chart review of the electronic medical record 
(EMR, EPIC, MaestroCare, Wisconsin). We investigated 
the association between intravenous iron therapy and PND 
(primary outcome), defined as EPDS or PHQ-9 ≥ 10 within 
12 months after delivery. The routine practice at DUHS is 
to screen for PND at the first postnatal clinic visit typically 
within three months after childbirth, during which EPDS 
or PHQ-9 scores are recorded in the EMR. A minority of 
women are screened multiple times, and in these women the 
highest EPDS or PHQ-9 scores were analyzed.

The EPDS is a 10-item questionnaire which is the most 
widely used assessment tool for PND. EPDS has been exten-
sively studied and validated in both antenatal and postnatal 
patients [19] and against other diagnostic criteria for depres-
sion such as the Diagnostic and Statistical Manual for Men-
tal disorders (DSM) [20]. The EPDS threshold of 10 was 
chosen to retain high positive and low negative likelihood 
ratios; a positive likelihood ratio > 5 and negative likelihood 
ratio < 0.2 would provide evidence to include or exclude 
PND, respectively [21]. It was estimated that EPDS ≥ 10 
yields a positive likelihood ratio of 5.9 and negative likeli-
hood ratio of 0.15 [22]. Similarly, the PHQ-9 is a commonly 
used screening tool assessing for major depressive symp-
toms, with a recommended threshold of PHQ-9 ≥ 10 [23].

Known PND risk factors that may confound the associa-
tion between iron therapy and PND were identified from lit-
erature review [4–6], and corresponding data were extracted 
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from the EMR using ICD-9 codes. These included patient 
characteristics (age, body mass index, race, marital status), 
payor category, clinical factors including lowest recorded 
hemoglobin level during gestation, gravidity/parity, ges-
tational age, mode of delivery, repeat cesarean delivery, 
provision of labor analgesia, post-dural puncture headache, 
preeclampsia, preterm delivery, gestational diabetes, chorio-
amnionitis, need for intensive care, and history of depres-
sion, anxiety, autoimmune disease, chronic opioid use, and 
chronic pain. We also collected data about the use of oral 
iron therapy, tobacco, alcohol, and illicit drugs. Accuracy of 
data collection was assessed via randomized checks by an 
independent investigator, and discrepancies were resolved 
by review of the electronic records.

The study cohort was classified according to the pres-
ence or absence of antenatal intravenous iron therapy. At 
DUHS, pregnant women are screened for anemia at approxi-
mately 28 weeks’ gestation, and referred to the preoperative 
anemia clinic (PAC) for diagnosis and treatment of iron-
deficiency anemia with intravenous iron as described previ-
ously [24]. The PAC began in 2014 as a pilot program for 
anemic pregnant women deemed at high risk of transfusion 
(previous cesarean delivery, multiple gestation, severe ane-
mia), and during the study period expanded to accept refer-
rals of all obstetric patients with anemia. Briefly, following 
laboratory-confirmation of iron-deficiency anemia, women 
are treated with a single administration of low molecular 
weight (LMW) iron dextran (1–1.5 g based on the calculated 
iron deficit). Alternate formulations (ferric gluconate, iron 
sucrose, and ferumoxytol) are used in women with history 
of LMW iron dextran allergy or based on their insurance 
coverage and preference. Those patients with iron deficiency 
without anemia or with mild iron-deficiency anemia are 
given oral therapy.

Descriptive statistics were used to examine patient char-
acteristics, obstetric factors or complications, labor analge-
sia, history of depression, anxiety, or chronic pain, and drug 
or substance use according to the presence or absence of 
intravenous iron therapy. Categorical variables are reported 
as number (percentage) and continuous variables are 
reported as median [interquartile range]. Variable balance 
between the groups was assessed using standardized mean 
differences (SMD), with an absolute value ≥ 0.1 considered 
to indicate significant imbalance. The SMD is calculated as 
a ratio between the difference in means or proportions and 
the pooled standard deviation. Multivariable logistic regres-
sion models were constructed with PND as the outcome and 
including variables with absolute SMD ≥ 0.1 between the 
groups. Intravenous iron therapy was forced into the model. 
Interaction terms between the variables and presence or 
absence of intravenous iron therapy were assessed and 
included if statistically significant. Statistical significance 
was defined as p value < 0.05. All analyses were conducted 

using SAS version 9.4 (SAS Institute; Cary, NC) and R ver-
sion 3.5.0.

Results

In total, 29,596 women delivered at DUHS during the study 
period with 25,608 women (86.5%) excluded mainly due 
to the absence of anemia (n = 18,844, 63.7%) and missing 
EPDS or PHQ-9 data (n = 5892, 19.9%). Data from 3988 
women were analyzed; 368 (9.2%) received intravenous iron 
therapy, while 3620 (90.8%) did not (Fig. 1).

Patient characteristics and clinical factors are summa-
rized in Table 1. Women who received intravenous iron 
therapy had lower antenatal hemoglobin levels, comprised 
of a larger proportion of African American or single or 
widowed women, more commonly had Medicaid coverage, 
underwent more repeat cesarean delivery, and more com-
monly had a history of depression compared to women who 
did not receive intravenous iron therapy. Of the 434 women 
with history of depression, 74 (17.1%) received intravenous 
iron therapy and 21 (28.4%) developed PND, conversely, 
360 women (82.9%) did not receive intravenous iron therapy 
and 97 (26.9%) developed PND. Overall, there were no sig-
nificant differences in age, body mass index, mode of deliv-
ery, utilization of epidural labor analgesia, post-dural punc-
ture headache, preeclampsia, preterm delivery, gestational 
diabetes, chorioamnionitis, need for intensive care, history 
of anxiety, autoimmune disease, chronic pain, and tobacco, 
alcohol, or illicit drug use between the groups.

In unadjusted analysis, women who received intravenous 
iron therapy had higher incidence of PND (18.5%) com-
pared to those who were not treated (13.4%) (OR 1.46, 95% 
CI 1.11–1.94, p = 0.008). After adjustment for potential 
confounders, multivariable analysis (Table 2) showed that 
intravenous iron was not associated with significant differ-
ence in the incidence of PND (aOR 1.21, 95%CI 0.89–1.63, 
p = 0.232). In addition, history of depression (aOR 2.42, 
95%CI 1.91–3.08, p < 0.001), higher gravidity (aOR 1.09, 
95%CI 1.02–1.17, p = 0.016), and Medicaid insurance (aOR 
1.44, 95%CI 1.16–1.80, p = 0.001) were independently asso-
ciated with PND. No significant interactions between intra-
venous iron and any of the variables were detected, includ-
ing a history of depression (OR 0.77, 95%CI 0.40–1.49, 
p = 0.438).

Discussion

In this retrospective cohort study, we found no significant 
association between antenatal intravenous iron therapy and 
PND incidence after adjustment for potential confounders.
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Few studies have investigated the association between 
antenatal iron therapy and PND incidence, particularly 
within the US obstetric population and pertaining to use 
of intravenous iron formulations. Prior studies conducted 
in Tehran and Saudi Arabia [15, 16] have reported no sig-
nificant association between oral iron and PND, however, a 
multitude of socioeconomic and environmental factors are 
known to influence PND incidence [1, 4–6, 17] and may 
limit the generalizability of these studies to the USA. In this 
context, our results provide important evidence that antena-
tal iron therapy for anemia is not associated with significant 
change in PND incidence in women delivering at DUHS. 

Furthermore, unlike prior studies that examined oral iron 
formulations, our study investigated the use of intravenous 
iron, which have greater efficacy, faster onset, reduced gas-
trointestinal adverse effects, and are in most cases adminis-
tered through a single dose, thereby mitigating issues with 
patient compliance [18].

A recent review reported that postnatal iron therapy 
was associated with reduced PND incidence, but a similar 
association was not found when iron was administered in 
the antenatal period [14]. However, the review was limited 
by the scarcity of studies investigating antepartum ane-
mia, and meta-analysis was precluded by heterogeneity in 

Fig. 1  Study flow diagram 29,596 women delivered between 1 June 2013 and 31 August 2019
• 10,375 cesarean deliveries
• 19,221 vaginal deliveries

3,988 women analysed

116 excluded for missing delivery date

29,480 women

551 excluded for missing antenatal hemoglobin value

28,929 women

18,844 excluded for no anemia

10,085 women

205 excluded for duplicate entries

9,880 women

5,892 excluded for missing EPDS or PHQ-9 scores

3,620 (90.8%) did not receive 
intravenous iron therapy

368 (9.2%) received 
intravenous iron therapy

68 (18.5%) developed PND
300 (82.5%) did not develop PND

485 (13.4%) developed PND
3,135 (86.6%) did not develop PND
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methodology within the included studies. Moreover, the 
review did not differentiate between the use of oral versus 
intravenous iron formulations. Nonetheless, it is possible 
that the development of postnatal depressive symptoms 

exacerbates iron deficiency, either because women with 
PND are less compliant with iron therapy, or alternatively, 
because factors that increase PND risk may also predispose 
to iron deficiency. For instance, a longitudinal study by Tran 

Table 1  Patient and clinical characteristics

No intravenous iron therapy 
(n = 3620)

Received intravenous iron 
therapy (n = 368)

SMD

Lowest antenatal hemoglobin in g  dL−1, median [IQR] 10.2 [9.7, 10.6] 9.3 [8.7, 9.8] − 0.994
Oral iron therapy, n (%) 61 (1.7) 3 (0.8) − 0.078
Age in years, median [IQR] 30 [26, 34] 30 [25, 34] − 0.094
Race, n (%) 0.373
 Caucasian (reference) 1344 (37.1) 88 (23.9)
 African American 1638 (45.2) 221 (60.1)
 Asian 182 (5.0) 13 (3.5)
 Other races 216 (6.0) 30 (8.2)
 Two or more races 176 (4.9) 15 (4.1)
 Not reported 64 (1.8) 1 (0.3)

Marital status, n (%) 0.215
 Married or life partner (reference) 1804 (49.8) 147 (39.9)
 Single or widowed 1687 (46.6) 204 (55.4)
 Divorced or legally separated 85 (2.3) 14 (3.8)
 Unknown 44 (1.2) 3 (0.8)

Insurance status, n (%) 0.372
 Private or commercial (reference) 2144 (59.2) 152 (41.3)
 Medicaid 1437 (39.7) 213 (57.9)
 Medicare 32 (0.9) 2 (0.5)
 Self-pay or other 7 (0.2) 1 (0.3)

Body mass index in kg  m−2, median [IQR] 32.1 [28.1, 37.8] 32.4 [27.7, 39.2] 0.043
History of depression, n (%) 360 (9.9) 74 (20.1) 0.287
History of anxiety, n (%) 410 (11.3) 45 (12.2) 0.028
History of autoimmune disease, n (%) 63 (1.7) 12 (3.3) 0.098
Chronic opioid use, n (%) 32 (0.9) 1 (0.3) − 0.081
Chronic pain, n (%) 34 (0.9) 2 (0.5) − 0.046
Tobacco use, n (%) 449 (12.4) 46 (12.5) 0.002
Alcohol use, n (%) 1303 (36.1) 119 (32.3) − 0.079
Illicit drug use, n (%) 264 (7.3) 30 (8.2) 0.032
Gravidity, median [IQR] 3 [2, 4] 3 [2, 5] 0.232
Parity, median [IQR] 2 [1, 3] 2 [1, 3] 0.178
Gestational age at time of delivery in weeks, median [IQR] 39.0 [37.3, 39.7] 38.9 [37.3, 39.4] 0.014
Mode of delivery, n (%) 0.084
 Vaginal (reference) 2196 (60.7) 203 (55.2)
 Cesarean 1424 (39.3) 165 (44.8)

Repeat cesarean delivery, n (%) 673 (18.6) 101 (27.4) 0.212
Epidural labor analgesia, n (%) 2133 (58.9) 211 (57.3) − 0.032
Postdural puncture headache, n (%) 15 (0.4) 2 (0.5) 0.019
Preeclampsia, n (%) 275 (7.6) 24 (6.5) − 0.042
Preterm delivery, n (%) 110 (3.0) 12 (3.3) 0.013
Gestational diabetes, n (%) 434 (12.0) 41 (11.1) − 0.027
Chorioamnionitis, n (%) 22 (0.6) 4 (1.1) 0.052
Intensive care unit admission, n (%) 23 (0.6) 3 (0.8) 0.021
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et al. [17] showed that social factors such as partner vio-
lence, childhood abuse, lower socioeconomic status, and 
coincidental life adversity were predictive of higher EPDS 
scores, and in turn, reduce the likelihood that these women 
will be compliant with iron therapy or preventive healthcare. 
Hence, a reciprocal relationship may exist between postnatal 
iron deficiency and PND, which may not be apparent in the 
antenatal period prior to the onset of depressive symptoms.

In addition, the relationship between iron deficiency and 
PND may occur via the influence of intermediate factors. 
In a study by Eckerdal et al. [25] postpartum hemorrhage, 
though not directly associated with PND, resulted in anemia 
and a negative delivery experience that were in turn associ-
ated with increased PND incidence, leading to the sugges-
tion that these intermediate factors may have mediating roles 
in PND development. It is possible that the absence of these 
intermediate factors during the antenatal period may have 
mitigated the risk of developing PND in women with iron-
deficiency anemia.

In comparison to prior case–control studies investigating 
the association between iron therapy and PND, our study 
analyzed a large cohort of women with antenatal anemia, 
and obtained detailed data from the EMR which permitted 
analysis and adjustment for a large number of potential con-
founding variables specific to women delivering at DUHS. 
Furthermore, our study examined the use of intravenous iron 
therapy, which is more efficacious than oral formulations and 
avoids the issue of treatment non-compliance. Finally, our 
definition of PND based on EPDS and PHQ-9 scores ≥ 10 
is consistent with commonly used PND screening practices 
and validation studies [19, 22, 23].

However, our study has limitations inherent to retrospec-
tive analyses. Although we have adjusted for the effects of 
known PND risk factors, the retrospective design precluded 
the analysis of other potential confounders such as poor 
social support, unplanned pregnancy, and pain intensity 
[4–6]. Given the significant differences in certain char-
acteristics between the two groups, it is possible that our 
results may be influenced by confounding variables that 
were unknown or unaccounted for. Moreover, extracting 
clinical data from the EMR using ICD-9 codes was shown 
to have high specificity but relatively poor sensitivity [26], 
which may have affected the data regarding important con-
founding variables and in turn increases the risk of residual 
confounding.

Another limitation is the possibility of classification 
error; all women who received intravenous iron had labora-
tory diagnosis of iron-deficiency anemia prior to treatment, 
but a proportion of women who did not receive intravenous 
iron may have non-iron deficiency anemia. However, since 
iron deficiency is responsible for up to 75% of antenatal 
anemia cases [10], the confounding effects of non-iron 
deficiency anemia on PND are likely to be minimal. Also, 
evaluation of serum iron levels following intravenous iron 
therapy was not routinely performed at DUHS, although 
the use of quantitative investigations such as serum ferritin 
levels in pregnant women is controversial due to the lack of 
obstetric-specific ferritin thresholds and potential influence 
of pregnancy-related changes in acute phase protein levels 
and iron utilization [27].

Our findings may be limited by selection bias. It is likely 
that women who were referred for and received intravenous 
iron therapy had more significant iron-deficiency anemia 
compared to those who did not, given that the study period 
spans across the implementation of the PAC program, 
and may therefore be at greater risk of developing PND. 
Although multivariable analysis was utilized to adjust 
for possible confounders, there is always the possibility 
of unknown confounders that we could not measure and 
account for in our analysis. In addition, the exclusion of 20% 
of women due to the absence of postnatal EPDS or PHQ-9 
scores may result in selection bias since women with PND 

Table 2  Multivariable logistic regression model for postnatal depres-
sion

a Represents overall test of significance for the multilevel factor (type 
III test)
b Effect not estimated due to the low number of women in this cat-
egory that developed postnatal depression

Variable Adjusted odds 
ratio, OR (95% CI)

p value

Intravenous iron therapy 1.21 (0.89–1.63) 0.232
Antenatal hemoglobin (per unit 

change in g  dL−1)
0.97 (0.87–1.08) 0.571

Race 0.748a

 Caucasian (reference)
 African American 0.86 (0.69–1.08) 0.190
 Asian 0.91 (0.56–1.48) 0.712
 Two or more races 0.84 (0.53–1.33) 0.450
 Not reported 1.10 (0.54–2.22) 0.802
 Other races 0.78 (0.51–1.19) 0.249

Marital status 0.506a

 Married or life partner (reference)
 Divorced or separated 1.44 (0.85–2.46) 0.177
 Single or widowed 1.11 (0.89–1.39) 0.367
 Unknown 0.95 (0.37–2.46) 0.915

Insurance status 0.062 a

 Private or commercial (reference)
 Medicaid 1.44 (1.16–1.80) 0.001
 Medicare 1.68 (0.73–3.85) 0.221
 Self-pay or other Not  applicableb –

History of depression 2.42 (1.91–3.08)  < 0.001
Gravidity 1.09 (1.02–1.17) 0.016
Parity 0.94 (0.85–1.05) 0.288
Repeat cesarean delivery 0.95 (0.75–1.21) 0.688
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may not be compliant with postnatal care and PND screen-
ing. It is common practice for pregnant women to receive 
oral supplements containing iron, and additional oral iron 
supplementation may be given to those with mild iron defi-
ciency or non-iron deficiency anemias. Information regard-
ing the use of oral supplements is not routinely recorded in 
the EMR, since it is usually taken over the counter rather 
than by prescription, and hence cannot be accounted for 
in our analysis. Finally, we note that only 9.2% of anemic 
women received intravenous iron therapy, likely because 
standardized management of antenatal anemia with intra-
venous iron therapy was only initiated in 2014 and slowly 
expanded to include all cases of antenatal anemia during 
the study period.

To conclude, our results suggest that antenatal intrave-
nous iron therapy in anemic women delivering at DUHS 
is not associated with significant change in PND incidence 
within 12 months after childbirth. Future research should 
focus on validating our findings in other US obstetric popu-
lations and investigating the potential role of intermediate 
risk factors on PND development.
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