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Abstract

Background: In the United States, the prevalence of anemia, iron deficiency (ID), and iron-
deficiency anemia (IDA) during pregnancy remains largely unknown as data at the national or
state level are limited or nonexistent, respectively.

Obijectives: In an effort to identify opportunities to improve maternal health surveillance, we
assessed the feasibility of anemia, ID, and IDA surveillance among first-trimester pregnancies
using electronic health records (EHRS).

Methods: We identified pregnancies among Kaiser Permanente Northwest members aged =18 y
during 2005-2016 with first-trimester prenatal care (7 =41,991). Earliest laboratory test results for
hemoglobin or hematocrit and ferritin were selected. We describe the proportion of pregnancies
screened for and the prevalence of anemia, 1D, and IDA; the concordance of anemia status

by hemoglobin compared with hematocrit; and the proportion of pregnancies with laboratory-
confirmed anemia that also had an International Classification of Diseases diagnostic code related
to anemia.

Results: Identified pregnancies included women who were 73.1% non-Hispanic (NH) white,
11.5% Hispanic, 8.5% NH Asian/Pacific Islander, and 2.9% NH black. Hemoglobin and
hematocrit results were available for 92.7% (7= 38,923) pregnancies. Anemia prevalence was
2.7% (n=1045) based on hemoglobin <11.0 g/dL or hematocrit <33%; 45.2% of anemia cases
had both low hemoglobin and low hematocrit. Among pregnancies with anemia, 18.9% (n7=197)
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had a ferritin result; of those, 48.2% had ID (ferritin <15 wg/L). In pregnancies without anemia,
3.4% (n=1275) had a ferritin result; of those, 23.5% had ID. Based on 1472 pregnancies with
both anemia and ID assessed, prevalence of ID and IDA was 26.8% and 6.5%, respectively;
estimates likely represent selective screening.

Conclusions: EHR data have potential to monitor anemia prevalence and trends in health
systems where prenatal anemia screening is nearly universal. However, if iron assessment is not
routine, then representative estimates of ID or IDA are unattainable.
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pregnancy; anemia; iron deficiency; iron deficiency anemia; surveillance

Introduction

Anemia, iron deficiency (ID), and iron-deficiency anemia (IDA, presence of both) during
pregnancy are prevalent global health concerns associated with adverse maternal and child
health outcomes, including low birth weight, preterm birth, perinatal hemorrhage and
mortality, and intellectual disabilities in offspring (1-7). In the United States, the prevalence
of anemia, 1D, and IDA during pregnancy and their contributions to health outcomes remain
largely unknown as data at the national or state level are limited or nonexistent, respectively.
The need to improve maternal health surveillance overall is well recognized and a current
national priority (8-10).

National prevalence estimates for anemia, 1D, and IDA are obtained from NHANES.
However, data must be aggregated across ~10 y to produce reliable estimates because the
number of pregnant women participating each year is small. Data from the 2003-2012
NHANES observed anemia prevalence of 8.8% among pregnant women (7= 776) with
notable disparities by race-ethnicity [range: 3.1% among non-Hispanic (NH) white to 24.2%
among NH black] (11). According to the 1999-2010 NHANES, 1D and IDA prevalence
among pregnant women (7= 1283) was 16.3% and 2.6%, respectively, also with notable
disparities by race-ethnicity (ID was highest among NH black women, 27.8%) and by stage
of pregnancy (ID was highest in the third trimester, 27.5%) (12). In 2013, NHANES stopped
collecting information on the trimester of pregnancy, so trimester-specific cut-points for
anemia can no longer be applied; hence, trimester-specific estimates are no longer available.
The lack of timely surveillance data, particularly among high-risk groups that are also
representative, hinders efforts to identify signals of concern, target interventions, evaluate
programs, and guide policy. Thus, there is a need to identify alternative data sources for
surveillance of anemia, 1D, and IDA during pregnancy.

The American College of Obstetrics and Gynecologists (ACOG) recommends pregnant
women be screened for anemia, and those with anemia may be evaluated for ID (4).
Electronic health records (EHRS) that capture laboratory test results and/or diagnosis data
have the potential to support public health surveillance needs. In an effort to explore whether
use of EHRs is feasible for surveillance of anemia, ID, and IDA, we analyzed EHR data

to Z) describe the availability of laboratory results for anemia and ID; 2) estimate the
prevalence of anemia, 1D, and IDA; and 3) assess the use of International Classification of
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Diseases (ICD) diagnosis codes for laboratory-confirmed anemia. The causes of anemia and
reasons for screening may be condition specific and vary across trimesters. We focused on
first-trimester pregnancies to better understand data availability and nuances of using the
EHR for this purpose.

We conducted a retrospective cohort study of all pregnancies to Kaiser Permanente
Northwest (KPNW) members aged =18 y who began pregnancy on or after January
1,2005,and ended the pregnancy episode by December 31, 2016 (7= 78,533). KPNW

is a nonprofit integrated delivery system caring for >610,000 medical plan members in
western Oregon and southwest Washington. KPNW’s members represent ~24% of the
area’s population and are demographically representative of the coverage area. Seventy-four
percent of KPNW members receive benefits as part of a group membership, primarily
through employers, whereas the rest are individual subscribers. This study was approved by
the KPNW Institutional Review Board.

Data were extracted from the KPNW EHR system and Oregon and Washington birth
certificates to obtain maternal smoking, parity, and multiple gestation information. Validated
algorithms to identify pregnancies and link medical records to birth certificates have been
described elsewhere (13). Pregnancies were eligible for analysis if Z) prenatal care started
during the first trimester (<14 wk; 7= 30,742 pregnancies excluded) and 2) the woman was
continuously enrolled in KPNW for first 20 wk or for the entire pregnancy if the pregnancy
ended before 20 wk (/7= 5,800 pregnancies excluded). Although we focused on the first
trimester, we required enrollment for 20 wk to ensure observation time for ordering and
diagnostic testing of iron status (7= 41,991 pregnancies).

Laboratory tests and definitions of anemia, ID, and IDA

From EHR clinical and research laboratory databases, we identified the earliest laboratory
result during the first trimester (<14 wk) for hemoglobin (Hgb) or hematocrit (Hct). The first
occurrence of either result set the “anemia screening date,” and laboratory results for Hgb
and Hct were selected from this date. We selected the earliest laboratory result for mean
corpuscular volume (MCV) within the first 14 wk of pregnancy and selected indicators of
iron status, including ferritin, serum iron, and total iron binding capacity (TIBC), within
the first 20 wk. Ferritin was considered the preferred indicator to assess ID as it is the

most specific test correlating to body iron stores (14,15); however, we also characterized
the availability of serum iron and TIBC as they are used in clinical practice. Ferritin is an
acute-phase reactant whose concentrations rise in the presence of infection or inflammation
(15) and during pregnancy (16, 17). We assessed whether laboratory results were available
for C-reactive protein (CRP; biomarker of inflammation) within the first 20 wk in an effort
to account for inflammation when interpreting ferritin concentration (15).Few pregnancies
(<0.1%) had a CRP laboratory result, particularly in combination with a ferritin result, so
this measure was not further explored.

Anemia is defined as an Hgb concentration below normal values for age, sex, and
physiologic state (e.g., pregnancy) (5). Because US clinical recommendations describe
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anemia using both Hgb and Hct (4, 18), we estimated laboratory-confirmed anemia in

4 ways: ) Hgh <11.0 g/dL or Hct <33%, 2) Hgb <11.0 g/dL and Hct <33%, 3)
Hgb<11.0g/dL, and 4) Hct <33%.Althoughnottheprimaryobjective of our study, we also
describe high Hgb, which we defined as >15 g/dL. Hgb was assessed with and without
adjustment for any smoking during pregnancy and elevation based on ZIP code of residence
using the recommended adjustments (5). Hgb 10.0-10.9 g/dL was considered mild anemia,
7.0-9.9 g/dL moderate, and <7.0 g/dL severe (5). Due to few cases of severe anemia,
moderate and severe were examined as 1 category. Hct percentage is ~3 times the Hgb
concentration (18, 19); thus, for comparison purposes, Hct <30% was considered moderate/
severe anemia. Microcytic and macrocytic anemia were defined as anemia based on
abnormal Hgb or Hct plus an MCV <80 fL or an MCV >100 fL, respectively (4). ID was
defined as ferritin <15 wg/L as referenced by the CDC and WHO (15, 18); we also report
ferritin <10 £4g/L as this was the laboratory reference value for KPNW and also referenced
by ACOG (4). If a ferritin result was unavailable, we considered TIBC >400 wg/dL or serum
iron <40 pg/dL indicative of 1D (4). IDA was defined as the presence of both anemia and ID.

The availability of laboratory data from EHRs may be limited for some health systems.
Therefore, we estimated the proportion of laboratory-confirmed anemia cases with a
documented diagnosis code(s) for anemia or anemia-related conditions to assess the general
feasibility of using only diagnosis codes to estimate prevalence. We reviewed all ICD,
Clinical Modification, Ninth Revision (ICD-9-CM) and ICD, Clinical Modification, Tenth
Revision (ICD-10-CM) diagnosis codes for anemia or anemia-related conditions and created
19 ICD-10-CM-based groupings (with the ICD-9-CM equivalent). A listing of ICD-10-CM
and equivalent ICD-9-CM group codes assessed can be found in Supplemental Table 1. We
extracted codes recorded in the EHR within the first 20 wk of gestation.

Other variables

From EHR clinical and administrative databases, we obtained mother’s age at pregnancy
onset, Medicaid coverage, and prepregnancy BMI (in kg/m?2),using either self-reported
prepregnancy weight or, if unavailable, the closest measured weight to pregnancy onset
between 6 mo prior to or 42 d after onset, as well as the median of all heights >18 y of age.
Race and ethnicity, smoking status (any smoking reported during the pregnancy), parity, and
multiple gestation were obtained preferentially from the birth certificate. If the pregnancy
was not linked to a birth certificate or if data were missing in the birth certificate file,

we obtained data from the EHR. Elevation in meters above sea level at place of residence
was determined by averaging the minimum and maximum altitude for each US ZIP code
zone using a geographic information system (Esri ArcGIS Desktop 10.5). Elevation was
acquired using a 10-m digital elevation model from the USGS 3D Elevation Program
(3DEP). ZIP code boundaries were from TIGER/Line 2018 Zip Code Tabulation Areas
from the US Census Bureau (https://catalog.data.gov/dataset/tiger-line-shapefile-2018-2010-
nation-u-s-2010-census-5-digit-zip-code-tabulation-area-zctas-na).

Statistical analyses

We examined the proportion of pregnancies screened for anemia during the first trimester
and characteristics of Hgb or Hct results, including distribution of laboratory values and
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prevalence of anemia overall and by severity. We also examined concordance of anemia
status by Hgb compared with Hct. We compared the characteristics of those who were
screened with those who were not screened, as well as those with laboratory-confirmed
anemia compared with no anemia, among those with laboratory results. To determine if

the distribution of anemia screening or anemia prevalence differed by characteristic, we
used generalized estimating equations to account for correlations introduced by including >1
pregnancy to the same woman. To assess feasibility of using ICD diagnostic codes only to
estimate prevalence instead of laboratory results, we assessed the proportion of pregnancies
with laboratory-confirmed anemia that also had an ICD diagnostic code related to anemia
diagnosis or other inherited or acquired reason for anemia. We described the proportion of
pregnancies screened for ID and the proportion with ID and IDA. Statistical significance
was set at £ < 0.05. Statistical analyses were run in Statistical Analysis Software version 9.4
(SAS Institute).

The study sample included 41,991 pregnancies to 31,824 unique women. Among the 41,991
pregnancies, 92.7% (n= 38,925) had a laboratory result for Hgb or Hct in the EHR. For

all but 2 pregnancies, Hgb and Hct were assessed on the same date; both pregnancies

had normal laboratory results. For simplicity, these 2 pregnancies were excluded from
further analyses. Median first prenatal visit was at 8.6 wk [quartiles 1- 3 (Qq_3): 7.7-9.7],
and median first Hgb and Hct laboratory results were at 9.0 wk (Q1_3: 7.4-10.4). Hgb
concentrations ranged from 4.5 to 19.0 g/dL, with a median value of 12.9 g/dL (Q1_3:
12.3-13.5). Hct concentrations ranged from 17% to 55%,with a median value of 38% (Qq_3:
36-40%).Hematocrit was 2.9-3.0 times higher than hemoglobin at the first, second, and
third quartiles and the minimum and maximum values (data not shown). The total number of
Hgb/Hct tests per pregnancy in the first trimester ranged from 1 to 20 (Qq_3: 1-1).

The characteristics of pregnancies screened for anemia differed from pregnancies not
screened (Table 1). Anemia screening tended to be lower among women who were younger
(18-24 y) or older (=35 y), were NH black, covered by Medicaid, or had obesity. Screening
was lowest among pregnant women missing data on smoking, parity, or multiple gestation
status; most (>97%) women missing at least 1 of these variables had a pregnancy that

did not end with a live birth (data not shown). Among pregnancies not screened, a higher
proportion ended in the first trimester (37.1%) compared with pregnancies screened for
anemia (8.5%; P< 0.0001).

Overall, anemia prevalence was low. The prevalence of anemia based on having abnormal
Hgb or abnormal Hct (7= 1045) was 2.7%. Anemia based on both abnormal Hgb and
abnormal Hct (7= 472) was 1.2%, abnormal Hgb only (n= 701) was 1.8%, and abnormal
Hct only (7= 816) was 2.1%. The prevalence of anemia by Hgb only was 1.9% (7= 739)
when Hgb was adjusted for smoking and elevation. Just over 5% of pregnancies required
an adjustment for smoking, and 25 pregnancies resided in an area >1000 m above sea level.
The prevalence of anemia (abnormal Hgb or abnormal Hct) in the first trimester differed by
all maternal characteristics examined, except smoking status (Table 1). Anemia prevalence
was higher among women who were underweight, were NH black, were NH Asian/Pacific
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Islander, covered by Medicaid, and had parity =2 or a pregnancy with multiple fetuses. Most
notable, the prevalence of anemia (10.9%) among NH black women was 2-5 times higher
than the prevalence observed in other groups (range: 2.0-4.3%). Patterns were similar for
moderate/severe anemia (data not shown).

Less than 1% (n7=271) of pregnancies had an Hgb >15.0 g/dL. After Hgb was adjusted for
smoking and elevation, this reduced to /7= 255, but the proportion of pregnancies with Hgb
>15.0 g/dL compared with Hgb <15 g/dL remained highest for those with missing data on
smoking status (2.4%) compared with nonsmokers (0.7%) and smokers (0.6%) (P = 0.06,
data not shown), suggesting that smoking may still explain some of the elevated Hgb. The
proportion of pregnancies with Hgb >15.0 g/dL compared with Hgb <15 g/dL significantly
differed only by maternal race and ethnicity (£ < 0.0001) and multiple gestation status (P
= 0.03). For both characteristics, the proportion with Hgb >15.0 g/dL was highest among
the group classified as multiple/other/missing, thus limiting ability to make any meaningful
interpretations (data not shown).

Among pregnancies with a laboratory result for Hgb and Hct, 99.9% also had MCV
measured on the same day. For 30 pregnancies, the first MCV laboratory result available
was measured a mean = SD 37 + 20 d after the first Hgb and Hct test. MCV laboratory result
was unavailable for 14 pregnancies. One-third of anemia cases were classified as microcytic
anemia; the remaining had normal MCV values. There were no cases of macrocytic anemia
(data not shown).

Most anemia was classified as mild (Table 2). Only 3 pregnancies were classified with
severe anemia based on Hgb (data not shown). Overall, the concordance in anemia status
based on Hgb or Hct was 98.5%, but this was driven by the large number of normal test
results. Among 1045 pregnancies identified with anemia by either abnormal Hgb or Hct,
the concordance in diagnosis across the 2 tests was 45.2%. Agreement according to anemia
severity (mild and moderate/severe) was 36.8% (Table 2).

Availability of ferritin results was low (7= 1472). Among pregnancies with anemia (7
=1045), 18.9% had a ferritin measure compared with 3.4% among pregnancies without
anemia (n = 37,878) at the first laboratory test (Table 3). Among the pregnancies with
anemia, ferritin was assessed among 15.2% of those with mild anemia and 39.7% of

those with moderate/severe anemia. The proportion with ferritin assessed differed by race-
ethnicity. Among pregnancies with anemia, ferritin was assessed at a higher rate among

NH black (23.1%) and NH Asian/Pacific Islander (23.5%) compared with Hispanic (15.3%)
and NH white (10.4%) women (data not shown). Among pregnancies without Hgb or Hct
results, <2% had a ferritin result (data not shown). Ferritin was assessed at a median of

9.0 wk (Q1-3: 5-12 wk).Median ferritin concentrations and ID status by anemia status are
described in Table 3. Of the 1472 pregnancies with ferritin and anemia assessed, prevalence
of ID and IDA was 26.8% (395/1472) and 6.5% (95/1472), respectively. Of the 197
pregnancies with laboratory-confirmed anemia and with ferritin assessed, 43.0% of those
with mild anemia (7= 135) had ID, and 59.7% of those with moderate/severe anemia (/7=
62) had ID (data not shown). There were 184 pregnancies with laboratory results for TIBC
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or serum iron but not ferritin. Including laboratory results using ferritin, TIBC, or serum
iron, prevalence of ID and IDA was 27.4% (453/1656) and 7.1% (118/1656), respectively.

Of the 1045 pregnancies with laboratory-confirmed anemia, only 30.6% (7= 320) had any
anemia-related diagnosis code recorded in the EHR within the first 20 wk of pregnancy.

Of the 320 pregnancies with any anemia-related diagnosis code recorded, 28.4% (=

91) included at least 1 code related to a hereditary enzyme deficiency or blood disorder
(Supplemental Table 1 footnote). Among the 37,878 pregnancies in which the first Hgb/Hct
result examined was negative for anemia, there were 1013 (2.7%) with an anemia-related
diagnosis code recorded in the first 20 wk.

Discussion

This study sought to assess the feasibility of using EHR data for the surveillance of anemia,
ID, and IDA among pregnant women in the first trimester within the context of a large,
integrated health care delivery system. Overall, screening for anemia within the first 14

wk of pregnancy was high (~92%), with most records having a measure of Hgb and

Hct. Although there were disparities in anemia screening across several characteristics, a
higher proportion of women not screened also had a pregnancy that ended in the first
trimester, a finding that may be explained by early pregnancy loss prior to the collection of
routine prenatal laboratory values. Anemia prevalence was low in our study but consistent
with the first-trimester prevalence estimate observed in the 1999-2006 NHANES (2.7%;
95% CI: 0.0,5.5) (20). Anemia prevalence was not higher among women with obesity as
might be expected based on the reported association between obesity and 1D (21). Anemia
prevalence was >5 times higher among NH black women compared with NH white women,
a disparity also consistent with observations from NHANES (11, 20). Among women
pregnant with multiple gestation, anemia prevalence was twice as high as that among women
with a singleton gestation and may be related to both an increased rate of plasma volume
expansion and an increased utilization of iron stores (22). These findings illustrate a need for
improved surveillance to better identify and understand high-risk groups in whom targeted
interventions may improve maternal and child health.

Less than one-third of records with laboratory-confirmed anemia had an anemia-related
diagnosis code recorded. We were unable to determine whether the anemia was considered
clinically insignificant or simply not documented in diagnosis codes. We also observed
notable discordance in classification of anemia defined by low hemoglobin, low hematocrit,
or both. Provider preference in use of a specific indicator may influence anemia recognition
and documentation. Overall findings suggest that the EHR may be a viable data source for
surveillance of anemia if laboratory testing result data are available and a consistent case
definition is used; ICD diagnosis codes alone are insufficient based on this study, but this
should be confirmed in other EHR sources.

In contrast to anemia, this EHR did not appear to be a viable source for surveillance of ID
or IDA during early pregnancy. Laboratory-based screening for ID within the first 20 wk of
pregnhancy was low, even among women with laboratory-confirmed anemia. We abstracted
the earliest iron status test result within the first 20 wk under the assumption that iron tests
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would be conducted after anemia was identified. However, we found the median gestational
age and interquartile range among those screened for anemia and ID were nearly identical,
suggesting that some pregnant women, albeit few, were assessed for ID earlier or at the same
time as anemia. Among women with iron status and anemia status assessed, the prevalence
of ID and IDA was ~27% and 7%, respectively. These estimates are higher than NHANES
prevalence estimates (12) and may represent selective measurement of iron status in the
context of medical care. Notably, compared with other race and ethnicity groups, a higher
proportion of NH black and NH Asian/Pacific Islander women with anemia had ferritin
assessed. This may be due to the possible differences in the positive predictive value of
anemia screening for ID among race/ethnic groups (18) and evaluation to rule out IDA
before proceeding to a hemoglobin electrophoresis to assess for sickle cell or thalassemia.
Among the subset of women with laboratory-diagnosed anemia and with ferritin assessed,
nearly half (48.2%) were iron deficient, presumably correctable with iron treatment. We
were unable to determine if supplemental iron was advised or dispensed as iron supplements
are typically obtained over the counter, and these data are not routinely recorded in the
EHR. ID can exist without anemia because declines in hemoglobin concentrations occur
only in the late stages of ID (5, 18). Current obstetric practice guidelines do not recommend
universal iron screening at the onset of prenatal care, and few women with anemia had iron
status evaluated. Together, these factors hamper the feasibility of using EHR data for 1D and
IDA surveillance.

Our findings demonstrate that the use of EHR for anemia surveillance among pregnant
women has potential but requires several considerations if surveillance is to be standardized
and scaled to monitor temporal and geographic trends. Population selection describing who
is being assessed by the EHR must clearly be identified; often, pregnant women not included
are hardest to study, and understanding selection biases is essential. An estimated one-fourth
of pregnancies do not end in a live birth (23, 24), and ~15% of women do not begin
first-trimester prenatal care (25). We chose to identify all pregnancies regardless of birth
outcome and then restrict to pregnancies that sought first-trimester prenatal care. Maternal
characteristics, such as race and ethnicity, smoking, and parity, are important to ascertain
but may be limited in EHRs (26, 27). We obtained these measures preferentially from the
birth certificate, but this linkage may be impractical for many EHR systems. Clear and
consistent guidance on which laboratory result(s) to use is also critical. We selected the

first laboratory test result during the first trimester, which generally coincided with the first
prenatal visit ~9 wk of gestation. Pregnant women can have repeated Hgb/Hct test results if
being followed for threatened or spontaneous abortion, ectopic pregnancy, or hospitalization
(condition related or unrelated to pregnancy), where routine complete blood counts may

be collected serially when bleeding is of concern (e.g., every 6 h or every day). Selecting
the first test result in the first trimester is the earliest test available for a pregnancy being
monitored for any bleeding process. Concurrent reporting of gestational age of laboratory
assessment is warranted.

In addition, a standard case definition of anemia and IDA is required. ACOG guidelines
define anemia using either Hgb or Hct (4), and NHANES reports only Hgb (11, 12).

Nearly all pregnancies had both Hgb and Hct measured simultaneously, yet the concordance
for identifying anemia was <50%.Hct classified more women with mild anemia, whereas
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the proportion of women classified with moderate/severe anemia was higher using Hgb.
Although there is a relation between Hgb and Hct (3:1 on average), these tests do not
measure the same physiologic construct. Hgb is a direct measure of the iron-containing
protein in RBCs. Hct is the proportion of whole blood occupied by RBCs, where RBC
volume is affected differently by nutritional deficiencies, disease processes, and genetic
blood disorders (4, 18). At the individual level, small variations in the relation between

Hgb and Hct may lead to discordance of anemia for measures close to cut-points defining
anemia. It remains unclear whether health outcomes are better predicted when anemia and
severity are classified by Hgb, Hct, or both. In the context of clinical settings, the alignment
of anemia identification with standards of clinical care may be necessary until there is more
evidence to recommend a certain test. Furthermore, although Hgb and Hct are the primary
screening tests for identifying anemia, neither are specific for ID (28). Ferritin is considered
the best diagnostic test clinically available for ID (29), but among pregnancies with any

iron indices assessed, we found at least 10% had an iron indicator other than ferritin. Issues
surrounding selection of laboratory test type and threshold for diagnosis would also apply to
surveillance of ID and IDA should ferritin or other iron status indices be routinely measured.

Although most women unscreened may be explained by early pregnancy loss, it is possible
that some women categorized as unscreened live in areas where laboratory tests are
performed at non—Kaiser Permanente laboratories, may have had laboratory tests conducted
just prior to conception, received pregnancy care outside the KPNW network (e.g., dual
insurance coverage), or chose not to have laboratory tests conducted; thus, screening rates
may be slightly underestimated. We only examined anemia-related diagnosis codes recorded
during the first 20 wk of gestation. It is possible that diagnosis codes related to inherited
enzyme deficiencies or blood disorders were available prior to this window, but examining
historical ICD codes was beyond the scope of this analysis. Iron status data were too

sparse to determine whether the measurement of these indices varied by maternal or clinical
characteristics. The recommended iron indicator, ferritin, is a positive acute-phase protein;
thus, in the presence of inflammation (e.g., due to obesity, infection, or physiologic changes
in pregnancy), ferritin concentrations may be elevated, resulting in an underdiagnosis of

ID. Using a higher ferritin threshold to identify ID or adjusting ferritin for the influence

of inflammation may be warranted, although the use of these methods among pregnant
populations is not well studied (15, 30, 31). Although not unexpected, the paucity of

CRP laboratory results hindered ability to identify inflammation and the degree to which
prevalence of ID and IDA may be underestimated. This study examined availability of EHR
data within 1 integrated-care health system in the Pacific Northwest; thus, findings may

not be generalizable to other health systems or US populations of pregnant women. These
findings will need to be confirmed as screening practices may differ across systems (32).
Similarly, we focused on the first trimester as a starting place to assess EHR use for anemia,
ID, and IDA surveillance. Additional studies are needed to explore whether use of HER is
feasible among second-and trimester-pregnancies as methods such as inclusion criteria and
selection of laboratory test result may differ.

The purpose of screening for and treatment of anemia, ID, and IDA among pregnant women
is to improve maternal and infant health outcomes. However, in 2015, the US Preventative
Services Task Force (USPSTF) concluded that there was insufficient evidence to make a

J Nutr. Author manuscript; available in PMC 2022 November 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sharma et al.

Page 10

recommendation about the effectiveness of IDA screening among asymptomatic pregnant
women (8), a deviation from their 2006 statement recommending routine screening (33).
The change was driven by methodologic updates to better identify evidence applicable to the
current US population (8). Consequently, practice guidelines vary across medical specialty
organizations (4, 34). Upon reviewing the evidence, the USPSTF identified several data gaps
preventing researchers from assessing the balance of benefits and harms of IDA screening.
Most germane here: 7) few data are available to estimate the current prevalence of IDA
among pregnant women, 2) rates of screening for IDA and iron supplementation among
pregnhant women are not well documented, and 3) evidence is insufficient to recommend a
specific screening test. Filling these data gaps was the impetus to explore whether use of
EHR is feasible and potentially scalable for surveillance of anemia, ID, and IDA.

We found that using laboratory results may be necessary if surveillance systems rely on
EHR data because anemia ICD diagnoses are not reliably documented in the EHR in the
first trimester. The lack of systematic assessment of iron status, however, precludes use of
these EHR data for first-trimester ID or IDA surveillance. Therefore, the evidence gap to
update clinical preventive services recommendations for anemia and IDA, as indicated by
the USPSTF, may remain if surveillance relies only on EHR. Conversely, surveillance using
the EHR may depend on having clinical guidelines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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