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Abstract Postpartum anemia has been associated with post-
partum morbidities, such as depression and poor cognition.
However, it is unclear whether postpartum anemia is associated
with reduced health-related quality of life. We performed a
prospective study to examine the relations between postpartum
Hb levels with postpartum health-related quality of life
(HRQoL).We collected data from 60 women intending vaginal
delivery and assessed HRQoL and maternal fatigue on admis-
sion and on the first postpartum day using the RAND 36-Item
Short-Form Health Survey (SF-36) and the Multidimensional
Fatigue Inventory (MFI), respectively. Maternal Hb levels were
measured on admission and on the first postpartum day. We
also assessed patients for postpartum depression using the
Edinburgh Postpartum Depression Scale (EPDS). We per-
formed unadjusted and multivariate linear regression (adjusting
for maternal age, parity, mode of delivery, and race) to assess
the associations between postdelivery Hb with each subscale of
the SF-36 and MFI. The mean predelivery and postpartum Hb
levels were 12.3 (1.2) and 10.8 (1.4) g/dl, respectively. In our
unadjusted and adjusted regression analyses, we observed no
statistically significant associations between postpartum Hb
levels with any SF-36 or MFI subscale (P > 0.05). Based on
the EPDS, only one patient was depressed; her postpartum Hb
was 11.2 g/dl. Our findings suggest that postpartum Hb levels
may not influence HRQoL or fatigue. However, our findings
may only apply to women without predelivery anemia, severe

blood loss or moderate-to-severe anemia after delivery.
Future studies are needed to determine whether postpar-
tum Hb influences HRQoL among women with moderate
or severe postpartum anemia.
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Introduction

Health-related quality of life (HRQoL) is recognized as an
important outcome in clinical and comparative effectiveness
studies and in research studies evaluating quality of medical
care [1, 2]. Measurements of HRQoL provide important in-
sight into patients’ experiences of medical care and are useful
supplements to more traditional physiological or biological
indices of health status and recovery after surgery or childbirth
[1]. Furthermore, improving HRQoL and well-being is one of
four initiatives and foundation measures proposed for Healthy
People 2020, a US federal plan for building a healthier nation
[3]. These goals directly apply to postpartum women who
may experience debilitating disorders of HRQoL, such as de-
pression, fatigue, and pain [4–7]. Identifying determinants of
poor maternal health status after delivery, therefore, provides
an opportunity to intervene at multiple points on the causal
pathway, with the goal of optimizing mothers’ HRQoL.

Postpartum anemia is an underappreciated maternal
morbidity with a high prevalence. At 24–48 h after delivery,
postpartum anemia (defined as a hemoglobin (Hb) <11 g/dL)
can affect 50 % women [8]. Because postpartum anemia has
been linked to a number of important postpartum morbidities,
including depression, reduced cognition, and fatigue [9–11],
the potential detrimental influence of postpartum anemia on
maternal and newborn health has important clinical and public
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health relevance. However, few studies have examined the
relations between postpartum Hb levels with different mea-
sures of maternal health status, such as impaired physical
functioning or fatigue [12]. If studies were to confirm these
associations, then a postpartum Hb could be considered as a
biomarker for maternal HRQoL or fatigue. Furthermore,
women with postpartum anemia could receive early treatment
to limit the presence and severity of impaired HRQoL and
fatigue.

Therefore, the aim of this prospective exploratory study
was to examine whether an association exists between post-
partum Hb levels with maternal HRQoL. In our secondary
analyses, we assessed the extent of the associations between
postpartum Hb levels and maternal fatigue.

Methods

This prospective observational study was approved by the
Stanford University Institutional Review Board. We enrolled
a total of 63 patients (convenience sample based on investiga-
tor availability) intending vaginal delivery, admitted to the
labor and delivery unit at Lucile Packard Children’s
Hospital, Stanford, California, a large tertiary US obstetric
center. Women were enrolled between December 24, 2012
and September 5, 2013. In 2012, a total of 2939 vaginal de-
liveries occurred at our hospital. Written informed consent
was obtained from each patient prior to delivery. Inclusion
criteria were women aged 18–50 years admitted in spontane-
ous labor or for a planned induction of labor. Patients with
known hemoglobinopathies, thalessemias, and significant
inherited or acquired bleeding disorders and those with severe
maternal or obstetrical disease were excluded. We assessed
HRQoL and maternal fatigue using two validated survey in-
struments, the RAND 36-Item Short-Form Survey (SF-36) [13]
and the Multidimensional Fatigue Inventory (MFI), respective-
ly [14]. These assessments were made at two time points: on
admission to the labor and delivery unit (predelivery) and on
the first postpartum day. Using the Edinburgh Postpartum
Depression Scale (EPDS) [15], we also assessed patients for
postpartum depression on the first postpartum day. Details of
each survey instrument are summarized below. Relevant demo-
graphic and obstetric data were abstracted from medical
records.

The acute RAND/SF-36 (hereafter referred to as SF-36) is
a survey instrument designed to measure a patient’s HRQoL
over the previous 7 days. The SF-36 provides HRQoL data,
which can be used to compare the relative burden of disease
and for differentiating health benefits of various treatments.
The SF-36 has been validated previously among postpartum
women [16]. Each survey comprises a series of 36 multiple-
choice questions that assess patients’ perceptions of their
health in the following eight domains: physical functioning,

role limitations due to physical reasons, role limitations due to
emotional reasons, pain, energy, social functioning, mental
health, and general health. The overall scores for each domain
range from 0 to 100 (with higher scores indicating better
health) and are based on answers to a particular set of ques-
tions. The physical functioning category, for instance, is based
on ten questions that assess the impact of each patient’s health
on their physical activity. For each question, respondents may
select one of three answers: (1) Byes, limited a lot,^ (2) Byes,
limited a little,^ or (3) Bnot limited at all.^ These answers are
then reassigned values based on scoring guidelines (1 = 0, 2 =
50, 3 = 100). Scores from questions in each category are ag-
gregated and a mean score is calculated. Higher scores indi-
cate better functioning or wellbeing. For the postpartum as-
sessment, patients were asked to base their answers on their
health status over the preceding 24 h.

The MFI is a 20-item survey that assesses the following
five dimensions of fatigue: general fatigue, physical fatigue,
mental fatigue, reduced motivation, and reduced activity. The
MFI has been used to assess fatigue in a prior study of post-
partum women [16]. Patients respond to statements in the
survey using a numerical (whole integer) score, anchored at
extremes of 1 and 5 (1 = Byes, that is true,^ and 5 = Bno, that is
not true^). Scores range from 4 to 20, with higher scores
indicating a greater degree of fatigue.

The EPDS is the most commonly used self-report assess-
ment for postpartum depression [15] and includes ten questions
designed to assess the frequency with which the patient has
experienced the given symptoms in the previous week. Each
item is scored on a scale from 0 to 3, with an overall composite
score ranging from 0 (least depressed) to 3 (most depressed).
Based on the EPDS scoring guidelines, womenwith scores ≥10
on the EPDS were classified as depressed [15, 17, 18].

Maternal Hb levels were measured at the time of hospital
admission and on the first postpartum day. Because iron defi-
ciency is the most common cause of anemia during pregnancy
[19] and ferritin levels are the preferred mode of testing for
iron deficiency [20], we also assessed maternal ferritin levels
on admission and on the first postpartum day. We calculated
the incidence of mild and severe postpartum anemia (Hb < 12
g/dl and Hb < 8 g/dl, respectively), using previous criteria de-
scribed by the Centers for Disease Control [21] and
Prevention and the World Health Organization [22].

Statistical analysis

Data are presented as mean (standard deviation), median [in-
terquartile range], and number (percentages), as appropriate.
For our primary analyses, we performed linear regression to
assess the association between postpartum Hb with SF-36
physical functioning score. Of all the SF-36 domains, physical
functioning has the highest internal consistency, meaning that
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the questions within the subscale are correlated and thus each
measures the same outcome [16]. The score for physical func-
tioning also correlates most closely with the commonly used
Bphysical component summary^measure [23]. For our prima-
ry analyses, we performed unadjusted and adjusted linear re-
gression analyses, accounting for the following covariates:
maternal age, race/ethnicity, parity, and mode of delivery.
We considered P < 0.05 as statistically significant.

For our secondary analyses, we assessed the following asso-
ciations: postpartum Hb with other SF-36 and MFI domain
scores, postpartum ferritin levels with SF-36 and MFI domain
scores, and percentage change in Hb and ferritin levels with SF-
36 and MFI domain scores. The percentage change was calcu-

lated as postdelivery Hb or ferritin−predelivery Hb or ferritin
predelivery Hb or ferritin

� �
� 100. Lastly,

we compared predelivery vs. postdelivery SF-36 scores andMFI
scores and postpartum Hb values of women with vs. without
postpartum depression (as determined by the EPDS).
Continuous variables were compared by paired t tests,
Wilcoxon signed-rank test, or Mann-Whitney U test, as appro-
priate. As our secondary analyses involved multiple compari-
sons, we considered P < 0.01 as statistically significant.
Statistical analysis was performed using STATA version 12.1
(Stata Corp., College Station, TX).

Results

Sixty-three women were enrolled in the study. Three
women did not complete the postpartum surveys; reasons
for non-completion were not provided. Therefore, the fi-
nal cohort comprised 60 women who completed predeliv-
ery and postdelivery surveys. Demographic, obstetric, and
intrapartum characteristics of the study cohort are present-
ed in Table 1. Within our cohort, 53 women (88.3 %) had
vaginal delivery and 7 (11.7 %) had cesarean delivery.
The median total EBL was 250 ml (191–403). Data on
postdelivery Hb levels was missing for two patients. Data
on predelivery and postdelivery ferritin levels were miss-
ing for one and five patients, respectively. The mean pre-
delivery and postpartum Hb levels were 12.3 (1.2) and
10.8 (1.4) g/dl, respectively. In our cohort, 15/58 women
(25.9 %) had a postpartum Hb < 12 g/dl, which meets
criteria for postpartum anemia [21, 22], and 1/58
(1.7 %) women had a postpartum Hb < 8 g/dl consistent
with severe postpartum anemia [22]. One patient had a
postpartum Hb of 7 g/dl; her predelivery Hb was 12.7 g
dl and her EBL was 405 ml. Only 9/60 (15 %) women had
an EBL >500 ml, and only one patient had an EBL >1000 ml.
The median predelivery and postdelivery ferritin levels were
19 (10–35) and 27 (12–46) ng/mL, respectively. Because fer-
ritin levels <12 ng/ml are consistent with iron deficiency [24],
we calculated frequencies of women with low predelivery and

postdelivery ferritin levels. Using this criteria, 19/59 (32.2 %)
and 12/55 (21.8 %) women had low ferritin levels before and
after delivery, respectively.

Predelivery and postdelivery HRQoL and maternal fatigue
data are presented in Table 2. The median predelivery and
postpartum SF-36 physical functioning scores were similar:
55 (45–85) vs. 55 (35–65), respectively (P = 0.06).
Compared to the predelivery period, patients reported that
limitations due to both physical health and emotional prob-
lems worsened in the postpartum period (Table 2). No other
prepartum vs. postpartum differences were observed for other
SF-36 or MFI subscales (Table 2).

Table 1 Patient characteristics

n = 60

Maternal age (years) 31 [26–35

BMI (kg/m2) 28 [24–32]

Race/ethnicity

Caucasian 15 (25.0 %)

Asian 15 (25.0 %)

Hispanic 24 (40.0 %)

Other 6 (10.0 %)

Insurance type

Private 47 (78.3%)

Public 13 (21.7%)

Highest level of education

Less than college 19 (31.7 %)

College degree 30 (50.0 %)

Graduate degree 11 (18.3 %)

Annual household income

Less than $10,000 6 (10.0 %)

Between $10,000–$49,000 18 (30.0 %)

Equal to or greater than $50,000 36 (60.0 %)

Marital status

Married/living with partner 55 (91.7 %)

Unmarried, lives with other adults 5 (8.3 %)

Parity 1 [0–1]

Gestational age at admission (weeks) 39 [39–40]

Duration of first stage of labor (minutes)a 313 [195–510]

Duration of second stage of labor (minutes)b 39 [13–102]

Neuraxial analgesia

Yes 55 (91.7 %)

No 5 (8.3 %)

Total EBL (mls) 250 [191–403]

Data presented as n (%), median [IQR]

BMI body mass index, EBL estimated blood loss
a Data missing for three patients with vaginal delivery
bData missing for one patient with vaginal delivery
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In our unadjusted and adjusted linear regression analyses,
we observed no statistically significant associations between
postpartum Hb levels and physical functioning on the SF-36
survey (Table 3). In our secondary analyses, we found no sta-
tistically significant associations between postpartum Hb with
other HRQoL subscales or any MFI subscale (Table 3).
Similarly, we found no statistically significant associations be-
tween postpartum ferritin levels with any SF-36 or MFI sub-
scale, and no significant associations were observed between
the percentage change in Hb or ferritin levels with any SF-36
and MFI subscale (data not presented).

Based on the EPDS, only one woman was depressed, with
a total score of 19 out of 30. Her prepartum and postpartum
Hb levels were 12.9 and 11.2 g/dl, respectively, and her
prepartum and postpartum ferritin levels were 73 and 69 ng/
ml, respectively.

Discussion

In this prospective exploratory study, in the early postpartum
period, maternal Hb levels were not associated with physical
functioning scores on the SF-36 survey. Additionally, neither
postpartum Hb nor ferritin levels were associated with other

maternal HRQoL or fatigue subscales. These findings suggest
that, in the early postpartum period, Hb levels among women
who undergo uncomplicated delivery may not influence ma-
ternal HRQoL or fatigue.

In our study, we did not find evidence of an association
between postpartum Hb and HRQoL. Findings from other
studies assessing HRQoL and fatigue according to Hb levels
are inconsistent. Our findings are similar to those reported by
Van Der Woude et al. who observed no differences in any SF-
36 scale or fatigue measure between women with vs. without
postpartum anemia; anemia was classified by an Hb <10.5 g/
dl [25]. In contrast, Jansen et al. reported that postpartum Hb
levels correlated with physical HRQoL and fatigue [12]. In a
different study, Prick et al. assessed women with severe post-
partum anemia who were randomized to receive red blood
cells or no transfusion [26]. At 1 week postpartum,
women in the non-intervention group had lower physi-
cal functioning HRQoL scores and higher fatigue scores
compared to those receiving transfusion. However, these
between-group differences were relatively small: 5.5
point difference in the SF-36 physical functioning score
(scores range from 0 to 100) and a 1.1 point difference
in the MFI physical fatigue score (scores range from 4
to 20).

Table 2 Predelivery and
postdelivery health-related quali-
ty of life and maternal fatigue
scores

Predelivery score Postdelivery score P value

HRQoL SF-36 scores

Physical functioninga 55 [45–85] 55 [35–65] 0.06

Role limitations due to physical healthb 100 [75–100] 100 [50–100] <0.01

Role limitations due to emotional problemsb 100 [100–100] 100 [33–100] <0.01

Energy/fatiguea 65 [50–85] 65 [55–85] 0.95

Emotional wellbeinga 88 [64–96] 88 [56–96] 0.91

Social functioningc 75 [50–100] 63 [50–88] 0.03

Painb 78 [58–90] 78 [55–80] 0.27

General healthc 83 [70–95] 80 [60–95] 0.03

MFI scores

General fatigued 9.5 [6.0–11.0] 10.0 [6.0–12.0] 0.41

Physical fatiguea 9.0 [6.0–12.0] 9.0 [6.0–12.0] 0.76

Reduced activitya 8.0 [6.0–11.0] 10.0 [8.0–12.0] 0.01

Reduced motivationd 8.0 [5.0–11.0] 7.0 [4.5–11.0] 0.79

Mental fatiguec 6.0 [4.0–11.0] 6.0 [4.0–12.0] 1.00

HRQoL Health related quality of life, MFI Multidimensional fatigue index

Data presented as median [interquartile range]
a n = 55
b n = 56
c n = 53
d n = 54
eHigher score = higher functioning
f Higher score =more fatigue
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These conflicting findings may be partly explained by the
different postpartum Hb values and timing of postpartum Hb
measurement reported across these studies. In our study co-
hort, the mean postpartum Hb level was 10.8 g/dl, a level
which only just met the criteria for mild postpartum anemia
as defined by the World Health Organization (10–10.9 g/dl)
[22]. In contrast, in the study by Jansen et al [12]., the mini-
mum and maximum Hb levels after vaginal delivery were 7
and 15 g/dl respectively, with Hb levels assessed at 12–24 h
after vaginal delivery or 24–48 h after cesarean delivery. Prick
et al. [26] recruited women with severe postpartum anemia
(Hb levels between 4.8 and 7.9 g/dl) between 12 and 24 h
postpartum. Van Der Woude et al. enrolled women who had
Hb levels measured within 48 h of delivery [25]. Based on this
combined evidence, it is possible that associations may exist
between postpartum Hb levels with HRQoL and fatigue, but
only for women with moderate or severe postpartum anemia.

Iron deficiency has been associated with maternal and peri-
natal morbidities during the postpartum period, including
postpartum depression [27], impaired mother-child interac-
tions [28], maternal stress, and impaired cognitive functioning
[10]. Although 21 % of women had low ferritin levels after
delivery, in our secondary analyses, we did not observe any
association between postpartum ferritin and a percentage
change in ferritin levels with any HRQoL or MFI domain.
Further studies are needed to determine whether ferritin levels
or other iron indices consistent with severe iron deficiency are
associated with key maternal health-related outcomes.

Our study findings also indicate that, compared to the pe-
riod prior to delivery, role limitations due to physical health
and emotional problems worsen in the early postpartum peri-
od. Other SF-36 domains and MFI scores did not appear to be
significantly affected after delivery. Therefore, limitations due
to physical health and emotional problems may be preferable

Table 3 Bivariate and
multivariate linear regression for
the relationships between
postdelivery maternal
hemoglobin and postpartum
RAND 36-Item Short Form
Survey (SF-36) and
Multidimensional Fatigue Index
(MFI) scores

Dependent variable Bivariate analyses Multivariate analysese

Beta 95 % CI P
value

Beta 95 % CI P
value

SF-36

Physical functioninga 0.78 −3.88 to
5.44

0.74 0.81 −4.68 to
6.31

0.77

Role limitations due to physical
healthb

0.65 −6.89 to
8.19

0.86 2.00 −5.91 to
9.91

0.61

Role limitations due to emotional
problemsb

−0.53 −8.28 to
7.22

0.89 −2.35 −10.51 to
5.80

0.56

Energy/fatiguea 1.52 −1.87 to
4.91

0.37 1.53 −2.13 to
5.19

0.4

Emotional wellbeinga 0.53 −3.59 to
4.65

0.8 0.41 −4.03 to
4.85

0.85

Social functioningc 2.04 −1.89 to
5.96

0.3 0.74 −3.24 to
4.72

0.71

Painb 1.65 −1.81 to
5.10

0.34 1.77 −2.01 to
5.56

0.35

General healthc 1.64 −2.57 to
5.85

0.44 1.48 −2.98 to
5.94

0.51

MFI

Reduced motivationd 0.29 −0.43 to
1.00

0.42 0.01 −0.75 to
0.77

0.98

Mental fatiguec 0.19 −0.59 to
0.96

0.63 0.17 −0.76 to
1.10

0.71

General fatigued 0.76 0.09 to
1.42

0.03 0.48 −0.14 to
1.10

0.13

Physical fatiguea 0.31 −0.37 to
1.00

0.36 0.27 −0.51 to
1.05

0.49

Reduced activitya 0.18 −0.44 to
0.80

0.56 0.06 −0.69 to
0.81

0.88

MFI =Multidimensional Fatigue Inventory
a n = 55
b n = 56
c n = 53
d n = 54
eAdjusted for maternal age, race/ethnicity, parity, mode of delivery.
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measures for assessing maternal HRQoL in the early postpar-
tum period.

Our study has a number of limitations. The majority of
women had predelivery Hb levels that were close to or above
the normal range and did not incur excessive blood loss at
delivery. Therefore, the majority of postdelivery Hb levels
were above thresholds indicative of anemia. Although we
found no statistically significant associations between postpar-
tum Hb and ferritin with HRQoL or fatigue, future studies are
needed to assess these relations among women with moderate
or severe postpartum anemia. Additionally, measures of
HRQoL may be influenced by the quality of obstetric, anes-
thetic, and nursing care during the peripartum period.
However, we did not assess patients’ satisfaction with medical
or nursing care and therefore could not account for these fac-
tors in our adjusted models. Postdelivery Hb and ferritin levels
were only measured once after delivery; therefore, we ac-
knowledge that longitudinal studies are needed to assess Hb
levels, ferritin levels, and maternal health status beyond 24 h
postdelivery.

Ferritin behaves like an acute phase reactant and, in the
setting of acute or chronic inflammation, ferritin levels may
be disproportionally elevated [29]. This may explain why a
higher proportion of women had a low ferritin level predeliv-
ery compared to postdelivery (32 vs. 22 %, respectively). We
did not collect clinical data on infectious diseases processes,
such as chorioamnionitis, laboratorymarkers of inflammation,
nor other delivery-related factors that may explain why ferritin
levels increased postpartum. To account for physiological var-
iation of ferritin during pregnancy, other indices, such as
serum-soluble transferrin receptor/ferritin ratio, may be more
accurate in detecting iron deficiency [9, 30]. In addition, the
modest peripartum changes in Hb levels are not consistent
with the increase in erythropoietic activity observed in the
early puerperium [31]. Further studies are needed to assess
whether markers of erythropoietic activity are more closely
associated with changes in maternal health indicators.

Our study cohort was chosen to represent a low risk cohort
intending vaginal delivery. Althoughwomen intending vaginal
delivery at other tertiary centers may share similar characteris-
tics to those of our study cohort, it is uncertain whether our
findings are generalizable to women delivering at non-tertiary
obstetric centers. Because only one patient met the criteria for
postpartum depression, we were unable to perform statistical
analyses to compare Hb or ferritin levels between women with
vs. without postpartum depression. A larger study cohort
would be ideal for performing relevant comparative analyses.

In conclusion, our findings suggest that, in the early post-
partum period, maternal Hb or ferritin levels are not associated
with maternal health status indicators after delivery. However,
few patients in our study cohort had postpartum Hb levels
indicative of moderate or severe anemia. Therefore, our find-
ings likely only apply to women without predelivery anemia

and excessive blood loss at delivery. Future studies are
needed to determine whether postpartum women with se-
vere iron deficiency anemia incur impaired HRQoL, fa-
tigue, or postpartum depression and to assess whether
relevant hematologic indices are potentially worthwhile
markers of these adverse maternal outcomes.
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