Editorial

Too Little of a Good Thing:
Hydroxychloroquine in Pregnancy
Women with rheumatic diseases, including inflammatory
arthritis and systemic lupus erythematosus (SLE), fare better
in pregnancy when their disease is under good control1,2. The
role of hydroxychloroquine (HCQ) for achieving this control
is now recognized. Several studies demonstrate that patients
with SLE who continue HCQ during pregnancy have
decreased flares and improved pregnancy outcomes,
including longer fetal gestation and infants with higher birth
weight3,4. Reassuringly, antimalarials are compatible with
pregnancy, with no signals for safety concerns, and professional society guidelines recommend continuation of HCQ
during pregnancy5. In support of this approach, a survey of
North American rheumatologists found that over 69% of
rheumatologists continued HCQ in their pregnant patients6.
Despite the recognition that HCQ is a key component of
SLE disease management in both nonpregnant and pregnant
patients, adherence to HCQ remains abysmally low.
Feldman, et al used claims data to show that 79% of
nonpregnant patients with SLE are nonadherent7. Although
claims data have also showed that overall use of HCQ during
pregnancy has improved from 12.4% in 2004 to 37.7% in
2015, these rates are far from optimal8. Thus, low adherence
to HCQ confounds conclusions regarding this drug’s effect
on disease control and pregnancy outcome in SLE.
To circumvent the possible effect of medication nonadherence on the understanding of the role of HCQ in
rheumatic disease management, literature has focused on the
measurement of either whole blood or serum drug
levels and correlating these levels to disease activity.
Costedoat-Chalumeau, et al were among the first to show that
HCQ concentration could predict disease activity, with whole
blood drug levels of > 1000 ng/ml having a high negative
predictive value of flare9. Mok, et al measured HCQ levels
in sera and defined 3 groups of patients based on drug level:
those with drug levels < 10 ng/ml were classified as noncompliant; those with levels of 10–500 ng/ml were classified as
having subtherapeutic drug levels; and a third group with
levels > 500 ng/ml were classified as having therapeutic
levels. This study was unable to establish a statistically significant relationship between serum level of HCQ and disease
activity. It concluded that drug levels themselves cannot

differentiate noncompliance from other pharmacokinetic
factors10.
HCQ drug level during pregnancy is likely to be even
more unpredictable given the increased volume of distribution of the drug and the increase in the body mass index
of pregnant women. Nonetheless, the evaluation of HCQ
level during pregnancy could provide valuable information
for disease management. In this issue of The Journal,
Balevic, et al report on a single-center observational study
of 50 pregnant patients with rheumatic disease who were
prescribed HCQ11. The authors measured serum levels of
HCQ in all 3 trimesters and related these levels to disease
activity and pregnancy outcomes. HCQ levels were categorized as nontherapeutic (< 100 ng/ml) or therapeutic
(> 100 ng/ml). The latter category was further divided into
suboptimal therapeutic levels, defined as drug level of 100
ng/ml–500 ng/ml, and optimal therapeutic levels, defined as
drug level > 500 ng/ml. Twenty-eight patients had SLE, 7
had rheumatoid arthritis or juvenile idiopathic arthritis, 5 had
connective tissue disease, and the remaining 10 had other
rheumatic and autoimmune disorders. In patients with SLE,
disease activity was assessed by physician’s global
assessment (PGA); SLE Disease Activity Index (SLEDAI)
scores; and C3, C4, and dsDNA levels. High disease activity
for patients with SLE was defined as a PGA > 1.0. In the
non-SLE patients, disease activity was measured by PGA on
a visual analog scale ranging from 0 mm (no disease activity)
to 100 mm (highest disease activity), with high disease
activity defined as > 25 mm. Primary outcome for this study
was neonatal gestational age. Preterm birth (defined as < 37
weeks) and birth weight were secondary outcomes.
The authors found significant intrasubject variability in
serum HCQ during pregnancy11. Twenty-four percent of
patients had at least 1 HCQ level < 100 ng/ml, suggesting a
high rate of nonadherence. Among the SLE pregnancies,
those with nontherapeutic levels of HCQ (< 100 ng/ml) had
a higher frequency of infants with lower gestational age
(p = 0.03); however, the authors were unable to demonstrate
a linear association between HCQ serum level and gestational age. The authors also found a higher frequency of
infants preterm born to mothers with a serum level of HCQ
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< 100 ng/ml compared to those with therapeutic levels of
HCQ (> 100 ng/ml; p = 0.01)11. Nonetheless, the rate of
preterm births among those patients with optimal therapeutic
levels of HCQ (> 500 ng/ml) was 80%, nearly identical to that
in the nontherapeutic group (83%). Surprisingly, mean birth
weight was the lowest in the group with optimal therapeutic
levels of HCQ. These paradoxical findings could reflect that
the patients in the > 500 ng/ml group may have been sicker.
Eighty-three percent of patients in this group compared to
12% in the suboptimal therapeutic group and 16.7% in the
nontherapeutic groups were taking azathioprine (AZA),
suggesting that these patients may have had disease that is
more complex. Alternatively, AZA itself could contribute to
preterm and lower birth weights12.
Although the authors found a statistically significant
relationship between HCQ levels and disease activity as
measured by the PGA, the r2 of 0.07 reflects a nonlinear
relationship. One possible explanation for this poor correlation is that the mean PGA among the patients with SLE was
< 1.0 in all 3 HCQ therapeutic ranges, reflecting overall low
disease activity in this cohort. This low disease activity may
have diluted the authors’ findings — HCQ level may have a
larger effect in those patients with more active disease.
In patients with SLE, neither the SLEDAI nor serum
markers of SLE disease activity correlated with HCQ levels.
In the non-SLE patient group, neither disease activity nor
pregnancy outcome was related to HCQ levels; however, the
numbers of subjects in each diagnostic subcategory were so
small that no definitive conclusions could be drawn.
The authors of the aforementioned study should be lauded
for their efforts to obtain serum levels of HCQ in 3 trimesters
of pregnancy, demonstrating a proof of concept that this is a
feasible approach to SLE pregnancy management11. The
finding that nontherapeutic levels of HCQ were associated with
a higher frequency of lower gestational age and more preterm
delivery supports the authors’ conclusion that targeting
strategies to improve HCQ adherence in pregnancy may
improve outcome, although the lack of linear correlation
between HCQ level and gestational age suggests that this
relationship is complex. The paradox that high serum levels >
500 ng/ml were likewise associated with both poor pregnancy
outcome and higher disease activity remains confusing.
The relative merits of whole blood versus serum
measurement of HCQ are unknown. As the authors point out,
while whole blood testing may be more precise, serum levels
may have the advantage of being less prone to confounding
by cytopenias11. Comparing these approaches head to head
may clarify this point. The optimal duration of therapy to
achieve steady state, timing of blood draw in relation to dose
administration, changes in pharmacokinetics because of
pregnancy, and disease factors still represent unresolved
issues. Further studies into the pharmacokinetics of HCQ in
the pregnant and nonpregnant state will also be important.
This study is a good start in understanding the relationship
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between HCQ levels, disease activity, and pregnancy
outcome11, and suggests that maybe we ought to be focusing
on drug levels rather than the dose of HCQ in our patients
with SLE, whether pregnant or not. Importantly, whatever
metric is used to determine HCQ adherence, many of our
patients with SLE remain undertreated, and this could affect
both disease activity and pregnancy outcome.
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