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Background. ,ere are no nationwide population studies conducted to analyze the prevalence and risk factors associated with
hypokalemia during pregnancy in the U.S. Method. We retrieved data from the Nationwide Inpatient Sample (NIS) and the
National Inpatient Sample of Healthcare Cost and Utilization Project (HCUP) for pregnant patients with hypokalemia from 2012
to 2014. We used a chi-squared test to analyze categorical variables and an adjusted Wald test to compare quantitative variables.
We applied logistic regression models to calculate adjusted odds ratios (ORs) with 95% confidence intervals (95% CIs) to identify
the risk factors for hypokalemia. We used a p value <0.05 as the cutoff for statistical significance. Result. Among 12,431,909
pregnancy-related discharges, females of younger age (mean age 27.0± 6.2 vs. 28.1± 6.0, p< 0.001), of African American race,
using government-paid insurance, with an income level in the first quartile, and of a higher Charlson Comorbidity Index score
(≥1) were found to have a higher likelihood of hypokalemia during pregnancy (p< 0.001). Gestational hypertension (GH)
(including pre-eclampsia and eclampsia, aOR 2.03, 95% CI 1.94–2.12, p< 0.001), hyperemesis gravidarum (aOR 33.18, 95% CI
31.61–34.83, p< 0.001), and post-partum hemorrhage (aOR 1.42, 95% CI 1.31–1.53, p< 0.001) were found to be independently
associated with a higher rate of hypokalemia during pregnancy. Conclusion. ,e prevalence of hypokalemia during pregnancy was
less than 1% in this large, nationwide population-based study. ,ere were significant differences between those patients who
developed hypokalemia during pregnancy. Notably, those who had hypokalemia were younger, of African American race, and of a
low-income level. Congestive heart failure, coronary artery disease, Cushing’s syndrome, GH, and hyperemesis gravidarum were
found to be associated with hypokalemia during pregnancy.

1. Introduction

Hypokalemia is one of the most common fluid-and-elec-
trolyte abnormalities encountered in clinical practice. A
normal serum potassium level is in a narrow range, from 3.5
to 5.5meq/L. A level below 3.5 is defined as hypokalemia; the
clinical manifestations include muscle weakness and cardiac
arrhythmia in severe cases. In hypokalemic patients with a

low total body potassium store, low serum potassium eti-
ologies include poor potassium intake; increased potassium
loss from skin, gastrointestinal tract, or kidneys; and po-
tassium consumption due to an increased production of
cells. Alkalemia or increased catecholamines or an increased
insulin level from endogenic or iatrogenic exposure can lead
to an intracellular shifting of potassium, causing low serum
potassium while the total body potassium store remains
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intact. ,e treatment is to replenish serum potassium with a
potassium supplement and correct the underlying alkalemia,
excessive insulin, and catecholamine [1, 2].

Normally, potassium levels should stay the same
throughout pregnancy [3]. Hypokalemia occurs in around
1% of pregnancies [2].

A cross-sectional study done in South Africa suggests
pregnant women who live in a rural area, are primigravida,
are younger than 25 years old, have low meat and fruit
consumption, and practice geophagia are more likely to have
hypokalemia during pregnancy [6]. However, there are no
large, nationwide population-based studies available in the
U.S.,us, we conducted this study to analyze the prevalence
and risk factors of hypokalemia in pregnancy-related hos-
pitalizations in the U.S.

2. Materials and Methods

2.1. Study Design and Database Description. ,is is a ret-
rospective cohort study of pregnancy-related hospitaliza-
tions at acute care hospitals across the U.S. Data were
extracted from the Nationwide Inpatient Sample (NIS) for
2012 to 2014. ,e NIS was created by the Agency for
Healthcare Research and Quality as a part of the Healthcare
Cost and Utilization Project. In the NIS, hospitals are
stratified according to ownership/control, bed size, teaching
status, urban/rural location, and geographic region. A 20%
random sample of all patients within each stratum is then
collected, and information about patients’ demographics,
diagnoses, and resource utilization are entered into the
database. Each discharge is then weighted to make the NIS
nationally representative. ,e NIS is the nation’s most
comprehensive hospital data source enabling researchers to
study healthcare delivery and patient outcomes [7]. It is a
discharge-level database that contains de-identified clinical
and non-clinical data elements at both the patient and
hospital levels. As a result, multiple admissions for a single
patient are considered separate discharges and are entered
separately in the database. Patient-level data include age, sex,
race, average income level of the patient’s zip code of res-
idence, principal diagnosis, and secondary diagnoses using
the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD 9-CM) coding system. Hospital-
level data include hospital teaching status and bed size.
,ose elements that are directly related to an individual have
been removed for confidentiality purposes. We have signed
the HCUP Data Use Agreement which strictly prohibits us
from making any effort to determine the identity of any
person contained in the data, including patients, physicians,
and other providers.

2.2. Study Patients. ,e pregnancy-related discharges in-
cluded in the 2012–2014 sample were defined as any hos-
pitalization with a pregnancy-related code (ICD-9 diagnosis
codes 630 to 648) or delivery code (ICD-9 diagnosis codes 74
for Cesarean delivery and 72, 73, 75; procedure codes v27, or
650 to 659 for vaginal delivery). A post-partum admission
was defined as any discharge record that included a

complication of post-partum diagnosis (ICD-9 codes 670 to
677) and did not also include a delivery code. ,e ICD-9
code used for hypokalemia was 276.8 (hypopotassemia).
Comorbidities collected were medical conditions including
chronic kidney disease, sickle cell disease, systemic lupus
erythematosus, congestive heart failure, obesity, coronary
artery disease, Cushing’s syndrome, cortico-adrenal insuf-
ficiency, and hypothyroidism. Obstetric complications col-
lected included antepartum hemorrhage, post-partum
hemorrhage, preterm labor, gestational hypertension (GH),
and hyperemesis gravidarum. Comorbidities identified us-
ing the ICD-9 CM codes are presented in the supplements
(available here).

2.3. Statistical Analysis. In our analyses, survey commands
were used to account for the stratification, clustering, and
weighting to produce nationally representative, unbiased
results. Categorical variables were compared using a chi-
squared test, and comparison of continuous values was
performed using an adjusted Wald test. Univariable re-
gression analyses were used to calculate the unadjusted odds
ratio to identify risk factors of hypokalemia, while potential
confounding factors (age, race, median household income,
and Charlson Comorbidity Index) were included as cova-
riates during the multivariate regression analysis and en-
tered into a multivariable logistic regression model. All p

values were two-sided, with 0.05 as the threshold for sta-
tistical significance. Statistical analyses were conducted us-
ing Stata, version 16.0 (StataCorp LLC, College Station,
Texas).

3. Results

From 2012 to 2014, there were 12,431,909 pregnancy-related
discharges. Of these, 85,670 (0.69%) were cases with hy-
pokalemia. Compared with those without hypokalemia,
patients with hypokalemia were younger (mean age
27.0± 6.2 vs. 28.1± 6.0, p< 0.001), more likely to be black,
more likely to be insured by government insurance such as
Medicaid, of lower household income, and with fewer
comorbidities (p< 0.001). (Table 1).

Table 2 summarizes the medical conditions that are risk
factors for pregnancy-related hypokalemia. After adjusting
for confounders, medical conditions strongly associated
with hypokalemia included cortico-adrenal insufficiency
(adjusted odds ratio (aOR) 16.12, 95% CI 10.36–25.09,
p< 0.001) and congestive heart failure (aOR 5.48, 95% CI
4.23–7.11, p< 0.001). Medical conditions significantly as-
sociated with hypokalemia included sickle cell disease (aOR
3.67, 95% CI 3.19–4.24, p< 0.001), systemic lupus eryth-
ematosus (aOR 1.59, 95% CI 1.29–1.97, p< 0.001), obesity
(aOR 1.13, 95% CI 1.06–1.20, p< 0.001), and coronary
artery diseases (aOR 2.79, 95% CI 2.00–3.89, p< 0.001)
(Table 3).

Table 4 presents the obstetric complications found to be
risk factors of pregnancy-related hypokalemia. After
adjusting for confounders, complications of pregnancy
significantly associated with hypokalemia were hyperemesis
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Table 1: Baseline patient and hospital characteristics of pregnancy-related admissions for women with and without hypokalemia.

Demographics Without hypokalemia With hypokalemia p∗

No. of patients 12,346,239 85,670
Age± SD (y) 28.1± 6.0 27.0± 6.2 <0.001
Age group, y (%) <0.001
1–17 2.1 3.2
18–39 94.9 93.9
≥40 3.0 2.9
Race (%) <0.001
White 52.9 43.1
Black 15.2 31.9
Hispanic 20.8 17.4
Asian or Pacific Islander 5.4 2.6
Native American 0.8 1.0
Other 4.9 4.0
Median household income in the patient’s zip code (%) <0.001
First quartile 28.6 40.2
Second quartile 25.5 26.9
,ird quartile 24.5 20.3
Fourth quartile 21.5 12.6

Hospital bed size (%) 0.0854
Small 13.5 12.7
Medium 29.4 28.9
Large 57.1 58.4

Primary payer (%) <0.001
Government insured 46.5 62.4
Private 50.7 31.9
Self-pay 2.9 5.7

Teaching hospital (%) 55.8 59.5 <0.001
Charlson Comorbidity Index score (%) <0.001
0 94.2 80.7
≥1 5.8 19.3
All p values were two sided, with 0.05 as the threshold for statistical significance.

Table 2: Medical conditions of pregnancy-related admissions for women with and without hypokalemia.

Medical conditions Without hypokalemia With hypokalemia p∗

Chronic kidney disease (%) 0.07 0.63 <0.001
Sickle cell disease (%) 0.26 1.35 <0.001
Systemic lupus erythematosus (%) 0.15 0.60 <0.001
Congestive heart failure (%) 0.03 0.73 <0.001
Obesity (%) 6.3 8.88 <0.001
Coronary artery disease (%) 0.03 0.37 <0.001
Cushing’s syndrome (%) 0.002 0.02 <0.001
Cortico-adrenal insufficiency (%) 0.01 0.21 <0.001
Hypothyroidism (%) 2.8 2.9 0.46
All p values were two sided, with 0.05 as the threshold for statistical significance.

Table 3: Medical conditions and the risk of pregnancy-related hypokalemia.

Medical condition
Univariate analysis Multivariate analysis

OR p value 95% CI lower 95% CI upper OR p value 95% CI lower 95% CI upper
Chronic kidney disease 8.91 <0.001 7.23 11.00 1.14 0.334 0.88 1.47
Sickle cell disease 5.28 <0.001 4.59 6.07 3.67 <0.001 3.19 4.24
Systemic lupus erythematosus 4.01 <0.001 3.28 4.88 1.59 <0.001 1.29 1.97
Congestive heart failure 27.70 <0.001 22.59 33.96 5.48 <0.001 4.23 7.11
Obesity 1.44 <0.001 1.36 1.53 1.13 <0.001 1.06 1.20
Coronary artery disease 9.98 <0.001 7.66 12.99 2.79 <0.001 2.00 3.89
Cushing’s syndrome 13.73 <0.001 5.10 36.97 4.30 0.064 0.92 20.03
Cortico-adrenal insufficiency 18.40 <0.001 12.77 26.25 16.12 <0.001 10.36 25.09
Hypothyroidism 1.04 0.46 0.94 1.14
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gravidarum (aOR 33.18, 95% CI 31.61–34.83, p< 0.001),
post-partum hemorrhage (aOR 1.42, 95% CI 1.31–1.53,
p< 0.001), and GH (including pre-eclampsia and eclampsia,
aOR 2.03, 95% CI 1.94–2.12, p< 0.001) (Table 5).

4. Discussion

,is large, nationwide population study found hypokalemia
in 0.69% of pregnancy-related hospitalizations. ,is result is
similar to the previously known incidence of 1% [2]. ,is
supports that hypokalemia is a rare condition in pregnancy-
related hospitalizations.

,e result of the present study showed about 20% of
pregnancy-related hospitalizations with hypokalemia also
had a diagnosis of hyperemesis gravidarum, while this di-
agnosis occurred in less than 1% of patients without hy-
pokalemia. ,is confirms that hyperemesis gravidarum is
strongly associated with hypokalemia during pregnancy.

According to the present study, GH is associated with
hypokalemia. ,is result may be explained by the suspected
role of the RAAS in GH [8, 9]. Normally, volume expansion
inhibits the RAAS system, leading to decreased sodium
reabsorption and potassium excretion [10]. However, during
pregnancy, the RAAS is altered to maintain sufficient pla-
centa perfusion. Studies have shown that overexpression of
certain angiotensin genes may be related to GH [8, 9]. ,e
altered RAAS system is likely related to hypokalemia in
patients with GH.

,e present study confirms that hypokalemia during
pregnancy is associated with younger age. ,e incidence is
significantly higher at an age of less than 18 years at the time
of pregnancy. ,e finding is also reported by Yang et al. In a
cross-sectional study of 421 patients, age at pregnancy less
than 25 years was found to be associated with hypokalemia
[6]. ,e possible explanation of this finding is that the
younger pregnancy age is associated with a higher incidence
of hyperemesis gravidarum leading to hypokalemia [11, 12].

A median household income in the first quartile was
found to be associated with hypokalemia during pregnancy.
Based on the cross-sectional research done by Businge et al.,
pregnant patients with low fruit and meat intake tend to be
associated with hypokalemia [6]. People of low socioeco-
nomic status were reported to have a higher food insecurity
and less fruit and vegetable intake due to the lack of fruit and
vegetable availability [13]. ,is could be the possible ex-
planation for the correlation between low socioeconomic

status and hypokalemia during pregnancy. In this study, we
found African American race also to be a risk factor for
hypokalemia. ,is could be explained by the fact that Af-
rican American patients are reported to have a higher risk of
GH linked with altered an RAAS system, as discussed above
[14].

Surprisingly, congestive heart failure, cortico-adrenal
insufficiency, and sickle cell disease are associated with
hypokalemia in pregnant patients. Congestive heart failure
has been well known to cause hyperkalemia by decreasing
the effective intravascular volume and renal perfusion [15].
However, the possible explanation of the association with
hypokalemia in pregnant patients is that it could be sec-
ondary to diuretics use or an altered RAAS [8–10]. Cortisol-
adrenal insufficiency is also reported to be associated with
hyperkalemia by decreasing potassium excretion. However,
patients with cortico-adrenal insufficiency are often treated
with low doses of steroids, which can be related to hypo-
kalemia in the setting of an altered RAAS [14]. Hyperkalemia
is often induced by sickle cell crisis due to hemolysis [13].
However, in pregnant women with stable sickle cell traits or
diseases, anemia has been linked to a higher percentage of
gestation hypertension.,e underlying mechanism could be
secondary to vessel constriction caused by hypoxia. ,e
correlation with hypokalemia could be partially explained by
an altered RAAS [15, 16] ,ere are only 140 hospitalizations
with Cushing syndrome, or primary hyperaldosteronism,
which was found to have no significant association with
hypokalemia during pregnancy. ,is can indicate the low
prevalence of the diseases or may be due to underdiagnosis
since some of the lab results may not come back during the
index hospitalization.

,is is the first prevalence and risk-factor analysis in
pregnancy-related hospitalizations with hypokalemia using
a nationwide database covering patients in both academic
and private institutions, enhancing generalizability. ,e
main limitations of this study are the type of data available
to be retrieved from a nationwide database. First, lab results
are not available in the NIS. ,us, we are unable to classify
the patients by severity of potassium level. Second, the
available data are based on diagnostic codes from each
hospitalization. ,us, we are unable to analyze the causality
of each factor associated with hypokalemia or chronicity of
the comorbidities. Furthermore, each observation in the
dataset represents a hospitalization without patient-level
information. We cannot exclude patients with multiple

Table 4: Obstetric complications of pregnancy-related admissions for women with and without hypokalemia.

Obstetric complications Without hypokalemia With hypokalemia p∗

Antepartum hemorrhage (%) 1.78 2.02 0.0194
Post-partum hemorrhage (%) 3.46 4.71 <0.001
Preterm labor (%) 7.48 7.44 0.8526
Gestational hypertension (%) 10.68 22.10 <0.001
Hyperemesis gravidarum (%) 0.71 22.44 <0.001
All p values were two sided, with 0.05 as the threshold for statistical significance
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pregnancy admissions or access the individual medication
list.

5. Conclusions

Based on the large, nationwide database analysis, our study
suggests that the prevalence of hypokalemia during preg-
nancy is less than 1%. Medical conditions, including con-
gestive heart failure, cortico-adrenal insufficiency, and sickle
cell disease, are associated with hypokalemia in pregnancy-
related hospitalizations. ,e obstetric risk factors associated
with hypokalemia include post-partum hemorrhage, ges-
tational hypertension, and hyperemesis gravidarum. More
caution and monitoring are needed when taking care of
patients with the aforementioned condition.

Data Availability

Publicly available datasets were analyzed in this study. ,ese
data can be found at https://www.hcup-us.ahrq.gov/db/
nation/nis/nisdbdocumentation.jsp.

Conflicts of Interest

,e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Supplementary Materials

Supplement Table 1: International Classification of Diseases
(ICD-9) code for medical conditions. Supplement Table 2:
International Classification of Diseases (ICD-9) code for
obstetric complications. (Supplementary Materials)

References

[1] A. Rastegar, “Serum potassium,” in Clinical Methods: 2e
History, Physical, and Laboratory Examinations, H. K.Walker,
W. D. Hall, and J. W. Hurst, Eds., Butterworths Publisher,
Boston, MA, USA, 1990.

[2] I. D. Weiner and C. S. Wingo, “Hypokalemia--consequences,
causes, and correction,” Journal of the American Society of
Nephrology, vol. 8, no. 7, pp. 1179–1188, 1997.

[3] R. L. Newman, “Serum electrolytes in pregnancy, parturition,
and puerperium,” Obstetrics & Gynecology, vol. 10, no. 1,
pp. 51–55, 1957.

[4] C. B. M. X. Businge and M. L. Mdaka, “,e prevalence and
risk factors of Hypokalaemia among pregnant women in rural
Eastern Cape South Africa,” Journal of Public Health and
Nutrition Catalogue, vol. 2, no. 2, pp. 149–155, 2019.

[5] Agency for Healthcare Research and Quality, HCUP National
Inpatient Sample (NIS), Healthcare Cost and Utilization
Project (HCUP), Rockville, MD, USA, 2012, http://www.
hcup-us.ahrq.gov/nisoverview.jsp.

[6] J. Yang, J. Shang, S. Zhang, H. Li, and H. Liu, “,e role of the
renin-angiotensin-aldosterone system in preeclampsia: ge-
netic polymorphisms and microRNA,” Journal of Molecular
Endocrinology, vol. 50, no. 2, pp. R53–R66, 2013.

[7] X. Li, H. Tan, S. Zhou, S. Hu, T. Zhang, and Y. Li, “Renin-
angiotensin-aldosterone system gene polymorphisms in
gestational hypertension and preeclampsia: a case-control
gene-association study,” Science Reports, vol. 6, Article ID
38030, 2016.

[8] H. G. Rennke, “Renal pathophysiology: the essentials,” 2020.
[9] L. Fiaschi, C. Nelson-Piercy, S. Deb, R. King, and L. Tata,

“Clinical management of nausea and vomiting in pregnancy
and hyperemesis gravidarum across primary and secondary
care: a population-based study,” BJOG: An International
Journal of Obstetrics & Gynaecology, vol. 126, no. 10,
pp. 1201–1211, 2019.

[10] M. ,akur, J. Gautam, and G. Dangal, “Severity of hyper-
emesis gravidarum and associated maternal factors,” Journal
of Nepal Health Research Council, vol. 17, no. 3, pp. 293–296,
2019.

[11] R. Pechey and P. Monsivais, “Socioeconomic inequalities in
the healthiness of food choices: exploring the contributions of
food expenditures,” Preventive Medicine, vol. 88, pp. 203–209,
2016.

[12] J. Liu, A. E. Gallagher, C. M. Carta, M. E. Torres, R. Moran,
and S. Wilcox, “Racial differences in gestational weight gain
and pregnancy-related hypertension,” Annals of Epidemiol-
ogy, vol. 24, no. 6, pp. 441–447, 2014.

[13] R. W. Hunter and M. A. Bailey, “Hyperkalemia: patho-
physiology, risk factors and consequences,” Nephrology Di-
alysis Transplantation, vol. 34, no. 3, pp. 2–11, 2019.

[14] R. L. Zwemer and R. Truszkowski, “Potassium: a basal factor
in the syndrome of corticoadrenal insufficiency,” Science,
vol. 83, no. 2162, pp. 558–560, 1936.

[15] C. O’Hara, D. E. Singer, and D. W. Niebuhr, “,e risk of
pregnancy related hypertension disorder associated with
sickle cell trait in U.S. service women,” Military Medicine,
vol. 185, no. 1-2, pp. e183–e90, 2020.

[16] C. Chen, J. Grewal, A. P. Betran, J. P. Vogel, J. P. Souza, and
J. Zhang, “Severe anemia, sickle cell disease, and thalassemia
as risk factors for hypertensive disorders in pregnancy in
developing countries,” Pregnancy Hypertens, vol. 13,
pp. 141–147, 2018.

Table 5: Obstetric complications and the risk of pregnancy-related hypokalemia.

Pregnancy or delivery complication
Univariate analysis Multivariate analysis

OR p value 95% CI lower 95% CI upper OR p value 95% CI lower 95% CI upper
Antepartum hemorrhage 1.14 0.019 1.02 1.27 1.09 0.151 0.97 1.22
Post-partum hemorrhage 1.38 <0.001 1.28 1.49 1.42 <0.001 1.31 1.53
Preterm labor 0.99 0.853 0.93 1.06
Gestational hypertension 2.37 <0.001 2.27 2.48 2.03 <0.001 1.94 2.12
Hyperemesis gravidarum 40.28 <0.001 38.54 42.11 33.18 <0.001 31.61 34.83

International Journal of Nephrology 5

https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://downloads.hindawi.com/journals/ijn/2021/9922245.f1.docx
http://www.hcup-us.ahrq.gov/nisoverview.jsp
http://www.hcup-us.ahrq.gov/nisoverview.jsp

