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Abstract
Hydroxychloroquine has attracted attention in the treatment of COVID-19. Many conflicting findings have been reported 
regarding the efficacy and safety of this drug, which has been used safely in the rheumatological diseases for years. However, 
these studies lacked measurement methods that allow accurate assessment of hydroxychloroquine and its metabolite levels. 
The aim of this study was to measure hydroxychloroquine and its metabolite levels in whole blood samples of patients with 
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), Sjogren’s syndrome (SS) and scleroderma (Scl) by a robust, 
simple and accurate validated tandem mass spectrometric method, and to investigate the relationship between these levels 
with drug-related adverse effects and disease activity scores. The validated LC–MS/MS method was applied to measure 
blood hydroxychloroquine and its metabolite levels of patients with RA, SLE, SS, Scl. Various haematological and biochemi-
cal parameters were measured with Beckman-Coulter AU 5800 and Beckman Coulter LH 780 analyzers, respectively. QTc 
intervals were calculated with Bazett’s formula, and the patients were followed up by clinicians in terms of clinical findings 
and adverse effects. Hydroxychloroquine levels of patients were similar to previous studies. There was a negative correla-
tion between disease activity scores and hydroxychloroquine levels, while the highest correlation was between QTc interval, 
creatinine and GFR levels with desethylchloroquine. Bidetylchloroquine had the highest correlation with RBC count and 
liver function tests. Our findings showed that hydroxychloroquine and its metabolite levels were associated with disease 
activity scores, renal, hepatic function, QTc prolongation, and hematological parameters.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
emerged as a new infectious disease in December 2019 
(Chen et al. 2020b). To date, Sars-CoV-2 has affected more 

than 203 million people in 220 countries and caused more 
than 4.3 million deaths (Worldometer 2021). Chloroquine 
and hydroxychloroquine are the most discussed drugs among 
the repurposing drugs tried as potential therapeutic agents 
in the treatment of COVID-19. Although initial studies have 
shown that chloroquine and hydroxychloroquine to be ben-
eficial in the treatment of COVID-19, recent clinical studies 
lacking critical pharmacology considerations and reliable 
drug quantifications to ensure optimal dosing and standardi-
zation have provided conflicting results (Gautret et al. 2020; 
Chen et al. 2020a; Kamran et al. 2020; Réa-Neto et al. 2021; 
Tang et al. 2021). Hydroxychloroquine has antimalarial, 
anti-inflammatory, immunomodulatory, anti-infective, anti-
tumoral, metabolic and antithrombotic effects. Therefore, 
it has been used successfully in the treatment of infectious 
diseases such as HIV, Q fever and rheumatological diseases 
such as systemic lupus erythematosus, rheumatoid arthritis 
as well as malaria (White et al. 2020; Nirk et al. 2020). It is 
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metabolized mainly by CYP3A4 to active metabolite deseth-
ylhydroxychloroquine and inactive metabolites desethyl-
chloroquine and bidesethylchloroquine. It is generally well 
tolerated by patients, however, it may cause some adverse 
effects (Morrisette et al. 2020). The most common (up to 
50%) side effects of hydroxychloroquine are gastrointestinal 
events such as vomiting, diarrhoea, nausea. Retinopathy is 
the most common serious side effect associated with high-
dose and long-term use (> 5 mg/kg and > 5 years). The most 
serious and life-threatening side effect associated with the 
use of hydroxychloroquine is QTc prolongation and the risk 
of ventricular arrhythmia (Juurlink 2020). Hypoglycemia, 
neuropsychiatric effects, hypersensitivity reactions, abnor-
mal liver functions, drug-drug interactions, hematological 
effects such as leukopenia, agranulocytosis and thrombocy-
topenia are other uncommon but serious potential adverse 
effects related with hydroxychloroquine (Sames et al. 2016; 
Durcan et al. 2015). Various measurement methods have 
been developed for the quantitation of hydroxychloroquine 
levels (Qu et al. 2015; Luo et al. 2020). Liquid chroma-
tography-mass spectrometry (LC–MS/MS) is a major tech-
nique in bioanalysis with its high sensitivity, selectivity and 
accuracy (Jenkins et al. 2015). The aim of this study was 
to measure hydroxychloroquine and its metabolite levels in 
whole blood samples from patients with rheumatoid arthri-
tis (RA), systemic lupus erythematosus (SLE), Sjogren’s 
syndrome (SS) and scleroderma (Scl) by a robust, simple 
and accurate validated tandem mass spectrometric method, 
and to investigate the relationship between these levels with 
adverse effects and disease activity scores.

Materials and methods

LC–MS/MS analysis

Chemicals and reagents

Hydroxychloroquine sulfate, carbamazepine, acetonitrile, 
methanol, HPLC grade water, formic acid were obtained 
from Sigma Aldrich (St. Louis, MO, USA), desethylhy-
droxychloroquine and bidesthylchloroquine were obtained 
from Cayman Chemical (Ann Arbor, MI, USA) and LGS 
standards (Manchester, NH, USA), respectively.

Sample preparation

Briefly, 100 μL internal standard (100 ng/mL carbamaze-
pine) and 600 μL acetonitrile were added to 200 μL sample 
or standard solution and vortexed for 30 s. The mixture was 
centrifuged at 2000×g for 10 min and 25 μL of supernatant 
was injected into the LC–MS/MS system.

LC–MS/MS

Chromatographic analysis was performed by a Shimadzu 
HPLC system (Kyoto, Japan) and Phenomenex C18 col-
umn (50 mm × 4.6 mm, 5 µm, 100 Å). Detection was pro-
vided an electrospray ionization API 3200 triple quadru-
pole mass spectrometer (Applied Biosystems/MDS Sciex). 
The mobile phase composed of A: 0.1% formic acid/
water (v/v%) and B: 0.1% formic acid/acetonitrile (v/v%). 
Total run time was 3 min. The precursor to product ion 
m/z values were 336.2/247.2, 264.4/179.3, 308.5/179.3, 
292.3/114.45 and 237.0/194.0 for hydroxychloroquine, 
bidesethylchloroquine, desethylhydroxychloroquine, 
desethylchloroquine and carbamazepine, respectively.

This is a fully validated method according to the Clini-
cal and Laboratory Standards Institute (CLSI) C62-A: 
Liquid Chromatography-Mass Spectrometry Methods 
guidelines and The Food and Drug Administration (FDA) 
(Wayne 2014; Guidance for Industry, Bionanalytical 
Method Validation 2018). Intra- and inter-assay impreci-
sion values were less than 10% and the inter-assay accu-
racy values ranged between 90.8 and 114.8% for all ana-
lytes. The extraction recoveries ranged between 88.2 and 
114.5% and the matrix effect values were less than 12% 
for all analytes.

Patients

The study included 70 RA (diagnosed according to the 
2010 American College of Rheumatology/European 
League Against Rheumatism (ACR/EULAR) Rheuma-
toid Arthritis Classification Criteria), 50 SLE (diagnosed 
according to Systemic Lupus International Collaborating 
Clinics (SLICC) Classification Criteria), 43 SS (diagnosed 
according to 2016 ACR/EULAR Classification Criteria 
for primary Sjögren’s Syndrome) and 40 Scl (diagnosed 
according to 2013 ACR/EULAR Classification Criteria 
for Scleroderma) patients who applied to the rheumatol-
ogy outpatient clinic of our hospital and received 400 mg 
hydroxychloroquine daily (Aletaha et al. 2010; Petri et al. 
2012; Shiboski et al. 2017; van den Hoogen et al. 2013).

All patients were older than 18 years and had been pre-
scribed hydroxychloroquine for at least 6 months, with-
out dose modification for 3 months. SLE, RA, SS disease 
activities were measured by clinicians using the Systemic 
Lupus Erythematosus Disease Activity Index (SLE-
DAI), Disease Activity Score 28 (DAS28), and EULAR 
Sjögren’s syndrome disease activity index (ESSDAI), 
respectively. Exclusion criteria were diabetes mellitus, 
hypertension or other cardiovascular diseases, thyroid, 
liver, kidney dysfunction, electrolyte imbalance, use of 
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macrolide and quinolone group antibiotics, azole deriva-
tive antifungals, antidepressant, antipsychotic, antiarrhyth-
mics, anticonvulsants, antihistaminics and corticosteroids.

The study was approved by the Selcuk University local 
Ethics Committee (Number: 2020/420, Date: 30/09/2020). 
Whole blood samples were collected in vacutainer tubes 
containing EDTA as an anticoagulant within 12 h after 
the last dose for measurement of drug and metabolite lev-
els by LC–MS/MS and stored at − 80 °C until analysis. 
The hemogram parameters including hemoglobin (HGB), 
mean corpuscular hemoglobin (MCH), red blood cell count 
(RBC), mean corpuscular volume (MCV), mean platelet 
volume (MPV), white blood cell count (WBC), neutro-
phil (NEU), monocyte (MONO) and lymphocyte (LYM) 
counts of the patients were analyzed with Beckman Coul-
ter LH 780 analyzer (Beckman Coulter, Miami, FL, USA). 
For the measurement of biochemistry parameters includ-
ing creatinine (CRE), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), the blood samples col-
lected in serum separator gel tubes and were centrifuged at 
2000×g for 15 min. The serum samples were analyzed with 
the Beckman-Coulter AU 5800 (Beckman Coulter, Brea, 
USA) analyzer. Serum C-reactive protein (CRP) levels and 
erythrocyte sedimentation rate (ESR) were measured by an 
immunolephelometric method with IMMAGE 800 (Beck-
man Coulter, Brea, USA) immunochemistry system and by 
a capillary photometry method with Alifax (Padova, Italy) 
analyzer. The characteristics of the patients were expressed 
in Table 1.

Electrocardiography (ECG)

Standard 12-lead ECGs (25  mm/s, 10  mm/mV) were 
obtained from the patients included in the study at rest. The 
QT interval was measured as the distance from the begin-
ning of the Q wave to the end of the T wave (the point where 
it reaches the T-P line). Measurements were not made in the 
leads where the end of the T wave could not be identified. 
Heart rate corrected QT (QTc) was calculated with Bazett’s 
formula [QT (ms)/ RR (s)1/2] (Bazett 2006).

Data analysis

Statistical evaluation was carried out using EP Evaluator 
Release 8 version (Data Innovations, South Burlington, VT), 
SPSS statistical software package version 21.0, Excel (2010) 
programs. Data analysis was performed by SCIEX  Analyst® 
1.6.2 Software. The distribution of data was analyzed with 
the One-Sample Kolmogorov–Smirnov test. Student’s t and 
Mann–Whitney U tests were used to compare parametric 
and nonparametric variables, respectively. Kruskal–Wal-
lis test (post-hoc analysis Mann–Whitney U) and One-Way 
Anova (post-hoc analysis LSD or Games-Howell) were also 

performed comparison of multiple groups. Correlations were 
evaluated by Spearmen’s correlation analysis. p < 0.05 was 
considered as statistically significant.

Results

Hydroxychloroquine and metabolite levels

Whole blood hydroxychloroquine levels of patients with RA, 
SLE, SS and Scl using 400 mg of hydroxychloroquine daily 
were 643 (62.8–3300), 806 (61.7–2760), 675 (48.5–3150), 
and 819 (12.1–3770) ng/mL; desethylchloroquine levels 
were 69.1 (4.6–356.6), 76.4 (4.0–502.0), 57.9 (4.50–465.0), 
and 74.7 (2.0–276.0) ng/mL; bidesethylchloroquine levels 
were 253 (20.0–1240), 291 (14.0–1477), 250 (18.3–1237), 
and 255.0 (9.96–1018.50) ng/mL; desethylhydroxychloro-
quine levels were 310 (20.0–2740), 452 (20.0–1700), 324 
(19.5–2134.50), and 265 (7.2–1053) ng/mL, respectively. 
When the hydroxychloroquine (p = 0.767), desethlychlo-
roquine (p = 0.403), bidesethylchloroquine (p = 0.534), 
desethlyhydroxychloroqine (p = 0.167), and total metabolite 
(p = 0.168) levels of patients with RA, SLE, SS and Scl were 
compared, no significant difference was found between the 
groups in our study. The blood levels of hydroxychloroquine 
and its metabolites and the ratios of drug-related adverse 
effects in patients with RA, SLE, SS, and Scl were sum-
marized in Table 2.

The relationship between clinical parameters 
with hydroxychloroquine and its metabolite

The median (min–max) values of the QTc intervals of 
patients with RA, SLE, SS, and Scl were 390 (322–500) 
ms, 373 (320–459) ms, 390 (295–486) ms, 389 (310–486) 
ms, respectively. QTc intervals were above 460 ms in 5.5% 
of patients. None of the patients developed retinopathy. Gas-
trointestinal adverse events including diarrhea, nausea, dys-
pepsia, abdominal pain, and vomiting were observed in 16%, 
8%, 5%, and 25% of patients with RA, SLE, SS, and Scl, 
respectively. Dermatological side effects including allergic 
reactions, hyperpigmentation, and pruritis were observed 
in 2%, 4%, 5%, and 2.5% of patients with RA, SLE, SS, 
and Scl, respectively. Therefore, the most common adverse 
events in the participants were gastrointestinal side effects 
with a rate of 14.7% in the general patient populations.

All participants were divided into two groups accord-
ing to gastrointestinal side effects: participants observed 
gastrointestinal side effects (Group 1, n = 30) and non-
observed (Group 2, n = 173) then these groups were 
compared in terms of whole blood levels of hydroxy-
chloroquine and its metabolites. The blood hydroxy-
chloroquine, desethylchloroquine, bidestylchloroquine, 
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Table 1  Clinical, biological and demographic characteristics of the participants

Parameters RA (n = 70) SLE (n = 50) SS (n = 43) Scl (n = 40)

Age (years) 52.1 ± 11.9 51.1 ± 10.5 53.0 ± 10.2 51.7 ± 12.1
Gender (M/F) 33/37 24/26 22/21 20/20
BMI (kg/m2) 27.6 ± 3.5 27.9 ± 3.7 27.2 ± 3.8 27.1 ± 3.7
Disease duration (years) 4.0 (0.5–8.0) 4.0 (0.5–20) 3.0 (1.0–18) 4.0 (0.5–9.0)
HCQ daily dosing, n (%)
400 mg 100 100 100 100
Disease activity
 DAS-28 score for RA 3.29 ± 1.21
 SLEDAI score for SLE 12.72 ± 7.93
 ESSDAI score for SS 6.30 ± 3.82
 Skin involvement (Generalized/Lim-

ited) for Scl
21/19

Comedications
 Methotrexate n (%) 40 10 11 12
 Sulfasalazine n (%) 60 2 9
 Leflunomide n (%) 17 2 5
 Etanercept n (%) 3
 Adalimumab n (%) 3
 NSAI n (%) 10 32 5 28
 Colchicine n (%) 10
 Pentoxifylline n (%) 45
 Nifedipine n (%) 12
 Only hydroxychloroquine n (%) 23 58 70 43

Biological characteristics
 WBC  (109/L) 7.82 ± 2.13 6.95 ± 2.64 6.71 ± 1.52 7.19 ± 1.93
 HGB (g/L) 12.21 ± 1.50 13.12 ± 1.64 13.0 ± 1.21 13.31 ± 1.22
 HCT (%) 38.0 ± 3.83 39.94 ± 4.44 39.58 ± 3.27 40.60 ± 3.59
 PLT  (109/L) 305.48 ± 87.73 262.71 ± 73.24 256.46 ± 62.66 289.28 ± 78.06
 RBC  (1012/L) 4.56 ± 0.53 4.65 ± 0.49 4.60 ± 0.29 4.76 ± 0.43
 MCV (fL) 84.58 ± 8.52 86.16 ± 7.74 86.11 ± 5.98 85.12 ± 5.56
 MCH (fmol) 27.20 ± 3.42 33.28 ± 3.47 28.49 ± 1.94 27.95 ± 2.27
 RDW (%) 15.40 (12.80–27.10) 13.8 (12.6–23.90) 13.70 (11.90–21.50) 14.05 (12.70–19.10)
 PDW (%) 16.80 (15.80–18.50) 16.60 (15.50–18.20) 16.70 (15.90–18.0) 16.60 (15.50–18.0)
 MPV (fL) 8.23 ± 0.83 8.17 ± 1.11 8.71 ± 2.12 8.67 ± 1.01
 NEU  (109/L) 59.09 ± 11.14 57.77 ± 11.73 55.94 ± 8.49 61.64 ± 9.13
 LYM  (109/L) 28.84 ± 9.19 30.36 ± 9.75 32.60 ± 7.73 27.52 ± 8.22
 MONO 8.25 (3.20–17.10) 8.50 (4.40–20.50) 7.60 (3.80–12.60) 7.75 (4.70–11.90)
 EOS 2.45 (0.10–12.30) 1.90 (0.10–5.80) 1.90 (0.40–9.0) 2.35 (0.20–4.70)
 BASO 0.50 (0.10–2.0) 0.50 (0.20–3.10) 0.60 (0.20–8.40) 0.60 (0.10–1.30)
 ALT (U/L) 16 (8–77) 19 (9–58) 15 (10–38) 18.5 (8–45)
 AST (U/L) 18 (9–55) 21 (9–57) 17 (11–40) 18.50 (8–45)
 CREA (mmol/L) 0.70 (0.44–1.64) 0.71 (0.39–1.24) 0.75 (0.54–1.13) 0.69 (0.44–1.20)
 Estimated GFR, mL/minute 106.84 ± 19.82 113.18 ± 15.37 104.01 ± 13.52 106.96 ± 11.36
 NLO 2.18 (0.38–7.21) 2.01 (0.21–10.13) 1.76 (0.69–3.58) 2.29 (1.02–5.92)
 PLO 10.77 (3.28–32.31) 8.54 (3.12–25.36) 7.66 (4.15–14.51) 10.59 (5.52–20.38)
 ESR (mm/h) 23 (4.0–94.0) 17.5 (2–95) 14 (2–52) 14.50 (2–62)
 CRP (mg/L) 7.21 (1.76–51.0) 3.84 (1.20–38) 3.52 (1–13) 3.51 (1–58)
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desethylhydroxychloroquine and total metabolite levels 
of Group 1 were 900 (12.1–2450), 95.8 (2.0–390), 326.0 
(9.9–1384), 320.0 (7.2–1242) and 811.5 (18.9–3016) ng/
mL, respectively. The blood hydroxychloroquine, deseth-
ylchloroquine, bidestylchloroquine, desethylhydroxy-
chloroquine and total metabolite levels of Group 2 were 
772 (16.1–3770), 67.4 (4.0–502), 256.0 (14.0–1477), 
327 (11.4–2740) and 691.5 (19.2–4135) ng/mL, respec-
tively. Whole blood desethylchloroquine (p = 0.024) lev-
els of Group 1 were statistically significantly higher than 
Group 2, while the difference between hydroxychloroquine 
(p = 0.791), bidestylchloroquine (p = 0.356), desethyl-
hydroxychloroquine (p = 0.551) and total metabolite 
(p = 0.393) levels was not statistically significant.

ECG results of 195 patients were obtained and QTc inter-
vals were calculated with Bazett’s formula. The patients 
were divided into three groups according to their QTc inter-
val: Group 1: 295–360 ms (n = 62), Group 2: 360–400 ms 
(n = 60) and Group 3: 400–500 ms (n = 61). The whole blood 
hydroxychloroquine, desethylchloroquine, bidestylchloro-
quine, desethylhydroxychloroquine and total metabolite lev-
els of Group 1 were 495 (16.1–2760), 34.6 (4.0–354), 137.6 
(14.0–1018.5), 230 (11.5–1590), and 450.1 (19.2–1972) 
ng/mL, blood levels of Group 2 were 881 (12.1–3770), 
84.1 (1.73–361.5), 351.0 (9.9–1237), 410 (7.2–2160), 
and 955.6 (18.9–3672), blood levels of Group 3 were 800 
(61.72–3615), 109.4 (20.12–502), 316.5 (20–1477), 395 
(20–2740), and 819.1 (57.02–4135) ng/mL, respectively. 
The whole blood hydroxychloroquine (p = 0.026), deseth-
ylchloroquine (p = 0.001), bidestylchloroquine (p = 0.001), 
desethylhydroxychloroquine (p = 0.006) and total metabo-
lite (p = 0.001) levels of Group 2 were statistically signifi-
cantly higher than Group 1. The blood desethylchloroquine 
(p = 0.046) levels of Group 3 were statistically significantly 
higher than Group 2, while there was no statistically sig-
nificant difference between hydroxychloroquine (p = 0.602), 

bidestylchloroquine (p = 0.409), desethylhydroxychloroquine 
(p = 0.204) and total metabolite (p = 0.178) levels.

Spearmen’s correlation analysis showed that there was a 
positive correlation between blood hydroxychloroquine and 
its metabolite levels with QTc interval. Correlations between 
hydroxychloroquine and metabolite levels with QTc inter-
val, disease activity scores and biological parameters were 
shown in Table 3.

There was a negative correlation between DAS-28 and 
ESSDAI scores with hydroxychloroquine levels, but no cor-
relation was found between SLEDAI score and drug and 
metabolite levels. Scl patients were divided into Group 1 
(limited involvement, n = 19) and Group 2 (generalized 
involvement, n = 21) according to skin involvement, and 
these groups were compared in terms of drug and metabolite 
levels. The blood hydroxychloroquine [1905 (301.5–3770) 
vs 512 (12.1–3615), p = 0.014] desethylhydroxychloroquine 
[387.0 (92.5–1053) vs 187.5 (7.2–649), p = 0.029] and 
total metabolite [963.1 (167.5–2157) 365.2 (18.9–1788), 
p = 0.025] levels of Group 1 were statistically significantly 
higher than Group 2, while there was no statistically sig-
nificant difference between desethylchloroquine [99.0 
(20.2–276) vs 63.9 (2.0–228), p = 0.056] and bidestylchlo-
roquine [360 (54.7–907) vs 192 (9.9–1018)] levels.

The relationship between biological parameters 
with hydroxychloroquine and its metabolite 
concentrations

Patients were divided into two groups according to their 
hydroxychloroquine levels as patients with blood hydrox-
ychloroquine levels above 1000 ng/mL (Group 1, n = 85) 
and patients with blood hydroxychloroquine levels below 
1000  ng/mL (Group 2, n = 118). RBC [4.53 ± 0.38 vs 
4.89 ± 0.51, p = 0.023], MPV [8.10 ± 0.87 vs 8.60 ± 0.97, 
p < 0.001], CRP [3.66 (1–27.60) vs 5.26 (1–58) p = 0.005] 
and GFR [103.78 ± 17.0 vs 110.88 ± 19.11, p = 0.009] levels 

Table 2  Hydroxychloroquine, metabolite levels and drug-related adverse effects

RA (n = 70) SLE (n = 50) SS (n = 43) Scl (n = 40)

Concentrations
 Hydroxychloroquine (ng/mL) 643 (62.8–3300) 806 (61.7–2760) 675 (48.5–3150) 819.0 (12.1–3770)
 Desethlychloroquine (ng/mL) 69.1 (4.6–356.6) 76.4 (4.0–502.0) 57.9 (4.5–465.0) 74.7 (2.0–276.0)
 Bidesethlychloroquine (ng/mL) 253 (20.0–1240) 291 (14.0–1477) 250 (18.32–1237) 255 (9.96–1018)
 Desethylhydroxychloroquine (ng/mL) 310 (20.0–2740) 452 (20.0–1700) 324 (19.5–2134) 265 (7.2–1053)
 Total metabolite levels (ng/mL) 641 (44.6–4135) 929 (38.0–3529) 687 (48.9–2421) 630 (18.9–2157)

Side effects
 QTc interval (ms) 390 (322–500) 373 (320–459) 390 (295–486) 389 (310–486)
 Rethinopathy n (%) 0 0 0 0
 Gastrointestinal events n (%) 16 8 5 25
 Skin reactions n (%) 2 4 5 2.5
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of Group 1 were significantly lower than Group 2, while 
AST [21 (9–55) vs 18 (8–57), p = 0.012] levels were higher.

Spearmen’s correlation analysis showed a negative cor-
relation between hydroxychloroquine levels and MPV, RBC, 
GFR, ESR, and CRP levels, while a positive correlation 
between AST and creatinine levels (Table 3).

Discussion

The SARS-CoV-2 virus is life-threatening in severely 
affected patients by causing immune dysregulation, cytokine 
storm, and multi-organ failure. Until now, an effective treat-
ment for the disease has not been developed yet (Song et al. 
2020). However, to quickly prevent the spread, morbidity 
and mortality of COVID-19, the repurposing of various 
drugs has been adopted and many trials have been conducted 

(Martinez 2021). Hydroxychloroquine has been one of 
these drugs. Several clinical trials and in vitro studies have 
reported promising results in the early stages regarding the 
role of hydroxychloroquine in the treatment of COVID-19, 
while subsequent observational studies and clinical trials 
have reported no effect of hydroxychloroquine (Gautret 
et al. 2020; Chen et al. 2020a; Kamran et al. 2020; Réa-Neto 
et al. 2021; Tang et al. 2021). The open-label Randomized 
Evaluation of COVID-19 Therapy (RECOVERY) trial in the 
United Kingdom announced the early closure of the hydrox-
ychloroquine arm after finding that among patients hospi-
talized with COVID-19 who received hydroxychloroquine 
did not have lower mortality rates at 28th day compared to 
those who received usual care. In addition, the results dem-
onstrated that the patients who received hydroxychloroquine 
had a longer duration of hospitalization and, among those 
who were not undergoing mechanical ventilation at baseline, 

Table 3  The correlations between blood hydroxychloroquine and its metabolite levels with disease activity scores, QTc interval and biological 
parameters

Bold values represent statistically significant correlations

Parameters Hydroxychloroquine Desethlychloroquine Bidesethlychloro-
quine

Desethylhydroxy-
chloroquine

Total metabolite 
levels

r p r p r p r p r p

QTc interval (ms) 0.224 0.002 0.389  < 0.001 0.34  < 0.001 0.307  < 0.001 0.351  < 0.001
DAS-28 score for RA − 0.258 0.031 − 0.075 0.539 − 0.071 0.558 − 0.056 0.643 − 0.083 0.497
SLEDAI score for SLE − 0.262 0.066 0.002 0.99 − 0.21 0.143 − 0.161 0.264 − 0.170 0.238
ESSDAI score for SS − 0.416 0.005 − 0.173 0.268 − 0.046 0.77 − 0.126 0.421 − 0.078 0.62
WBC  (109/L) 0.073 0.315 0.029 0.695 − 0.021 0.777 0.026 0.727 0.010 0.892
HGB (g/L) 0.104 0.154 0.091 0.211 − 0.05 0.497 − 0.051 0.488 − 0.033 0.656
HCT (L/L) 0.067 0.355 0.066 0.369 − 0.068 0.356 − 0.067 0.357 − 0.053 0.471
PLT  (109/L) 0.026 0.719 − 0.052 0.475 − 0.01 0.892 − 0.006 0.939 − 0.009 0.902
RBC  (1012/L) − 0.181 0.012 − 0.306  < 0.001 − 0.318  < 0.001 − 0.312  < 0.001 − 0.330  < 0.001
MCV (fL) 0.116 0.112 0.258  < 0.001 0.157 0.031 0.128 0.079 0.171 0.018
MCH (fmol) 0.114 0.118 0.269  < 0.001 0.164 0.024 0.131 0.073 0.178 0.014
RDW (%) − 0.117 0.107 − 0.181 0.013 − 0.129 0.077 − 0.127 0.081 − 0.146 0.045
PDW (%) 0.004 0.954 0.049 0.503 0.059 0.417 0.042 0.569 0.053 0.465
MPV (fL) − 0.230 0.001 − 0.107 0.141 − 0.072 0.323 − 0.179 0.013 − 0.141 0.052
NEU  (109/L) 0.052 0.473 0.036 0.625 0.007 0.925 − 0.03 0.686 0.005 0.95
LYM  (109/L) − 0.047 0.517 − 0.043 0.558 − 0.025 0.735 0.008 0.910 − 0.023 0.758
MONO − 0.100 0.172 − 0.021 0.779 − 0.018 0.807 − 0.039 0.596 − 0.033 0.647
EOS 0.006 0.931 0.029 0.691 0.118 0.107 0.098 0.179 0.089 0.224
BASO − 0.019 0.794 − 0.006 0.939 0.068 0.349 − 0.037 0.617 0.005 0.946
ALT (U/L) 0.073 0.315 0.078 0.285 0.188 0.01 0.123 0.092 0.133 0.067
AST (U/L) 0.213 0.003 0.236 0.001 0.397  < 0.001 0.328  < 0.001 0.337  < 0.001
CREA (mmol/L) 0.208 0.004 0.32  < 0.001 0.218 0.003 0.137 0.060 0.203 0.005
Estimated GFR, mL/minute − 0.268  < 0.001 − 0.321  < 0.001 − 0.232 0.001 − 0.167 0.022 − 0.202 0.005
NLO 0.049 0.498 0.027 0.708 0.018 0.8 − 0.017 0.813 0.01 0.887
PLO 0.061 0.399 0.03 0.705 0.017 0.813 0.02 0.781 0.027 0.709
ESR (mm/h) − 0.144 0.047 − 0.125 0.085 − 0.036 0.621 − 0.082 0.258 − 0.077 0.289
CRP (mg/L) − 0.299  < 0.001 − 0.264  < 0.001 − 0.266  < 0.001 − 0.234 0.001 − 0.277  < 0.001
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a higher risk of invasive mechanical ventilation or death 
than those who received usual care. Hydroxychloroquine has 
been proposed as a treatment for COVID-19 largely on the 
basis of its in vitro SARS-CoV-2 antiviral activity and on 
data from observational studies reporting an effective reduc-
tion in viral loads. However, the 4-aminoquinoline drugs are 
relatively weak antiviral agents. The demonstration of thera-
peutic efficacy of hydroxychloroquine in severe COVID-19 
would require rapid attainment of efficacious levels of free 
drug in the blood and respiratory epithelium. These levels 
were predicted to be at the upper end of those observed 
during steady-state treatment of rheumatoid arthritis with 
hydroxychloroquine. The primary concern with short-term, 
high-dose 4-aminoquinoline regimens is cardiovascular tox-
icity. Hydroxychloroquine causes predictable prolongation 
of the corrected QTc interval on electrocardiography, which 
is exacerbated by coadministration with azithromycin, as 
widely prescribed in COVID-19 treatment. Therefore, in 
the RECOVERY trial, the efficacy of hydroxychloroquine 
was found to be limited due to its relatively weak antiviral 
effect, the need to rapidly reach effective concentrations in 
the blood and respiratory epithelium to exert its therapeu-
tic effect, and consequently the increased risk of adverse 
effects of hydroxychloroquine (Horby et al. 2020). Similarly, 
in subsequent clinical trials, it was reported that the use of 
hydroxychloroquine did not improve the clinical situation, 
moreover, it increased the risk of adverse effects such as QTc 
prolongation, cardiac arrhythmia, renal dysfunction and the 
risk of mechanical ventilation (Mercuro et al. 2020; Hooks 
et al. 2020). However, one of the major shortcomings of 
these studies is the lack of validated methods for measuring 
blood levels of drugs and their metabolites, and the lack 
of comprehensive evaluation of the relationships between 
these levels and clinical parameters. Although a few studies 
in SLE, RA patients have shown that hydroxychloroquine as 
well as its metabolites have significant effects on treatment 
efficacy and adverse effects, there is no comprehensive study 
on this subject (Jallouli et al. 2015b; Omri et al. 2020; Blan-
chet et al. 2020; Carlsson et al. 2020; Munster et al. 2002).

This is the first comprehensive study for the measurement 
of hydroxychloroquine and metabolite levels by the vali-
dated tandem mass spectrometric method in patients with 
RA, SLE, SS, and Scl, and investigating the relationship 
between these concentrations with disease activity scores, 
adverse effects, and various biological parameters. Firstly, 
the validated method was applied for the measurement of 
whole blood hydroxychloroquine and its three metabo-
lites in patients with RA, SLE, SS and Scl. Jallouli et al. 
reported whole blood hydroxychloroquine levels as 917 
(range 208–3316) ng/mL for 509 SLE patients receiving 
400 mg/day (Jallouli et al. 2015b9. El Omri et al. reported 
median whole blood hydroxychloroquine levels as 830 ng/
mL (range 35–3200 ng/mL) for 80 Moroccan SLE patients 

receiving 400 mg of hydroxychloroquine daily (Omri et al. 
2020). Blanchet et al. reported the mean (± SD) whole blood 
hydroxychloroquine levels as 916 ± 449 ng/mL for 573 SLE 
patients (Blanchet et al. 2020). Hydroxychloroquine levels 
have been measured majorly in patients with SLE up to date. 
Hydroxychloroquine blood levels may vary between patients 
despite the same dosing regimen. Studies have reported that 
body mass index, corticosteroid intervention, glomerular fil-
tration rate, nonadherence to treatment and possible genetic 
variations affect hydroxychloroquine levels. However, it has 
been reported that ethnicity, smoking, drug–drug interaction 
with antacids or with inhibitors or inducers of cytochrome 
P450 enzymes have no effect on hydroxychloroquine levels 
(Jallouli et al. 2015b; Omri et al. 2020; Blanchet et al. 2020; 
Carlsson et al. 2020). We measured the levels of hydroxy-
chloroquine and its metabolites in patients with SS, Scl and 
RA in addition to patients with SLE and our results were 
consistent with previous studies (Table 2).

The second important aspect of the study was to inves-
tigate the relationship between hydroxychloroquine and 
its metabolite levels measured by a robust, reliable, vali-
dated tandem mass spectrometric method, and drug-related 
adverse effects, disease activity scores. The role of metabo-
lites in the efficacy and toxicity of hydroxychloroquine ther-
apy is not yet fully understood. Desethylhydroxychloroquine 
is thought to be the only active metabolite of hydroxychlo-
roquine. However, gastrointestinal side effects and ocular 
toxicity were reported to be associated with blood hydrox-
ychloroquine and bidestylchloroquine levels in patients 
with rheumatoid arthritis, while clinical improvement was 
reported to be associated with blood desethylhydroxychlo-
roquine levels (Munster et al. 2002). Our findings showed 
that there is a relationship between gastrointestinal side 
effects and blood desethylchloroquine levels. Blood deseth-
ylchloroquine levels of participants with gastrointestinal 
side effects were found to be higher than patients without 
gastrointestinal symptoms. The highest correlation with QTc 
interval was desethylchloroquine. The patients were divided 
into three groups according to their QTc interval: Group 1: 
295–360 ms (n = 62), Group 2: 360–400 ms (n = 60) and 
Group 3: 400–500 ms (n = 61). The blood hydroxychloro-
quine and its metabolite levels of Group 2 were statistically 
significantly higher than Group 1. The desethylchloroquine 
levels of Group 3 were statistically significantly higher than 
Group 2. Therefore, there was a significant relationship 
between QTc interval and especially blood desethylchloro-
quine levels. Correlations between disease activity scores 
with hydroxychloroquine and metabolite levels showed a 
negative correlation between hydroxychloroquine levels 
with DAS-28 and ESSDAI scores. The hydroxychloroquine 
and desethylhydroxychloroquine levels of patients with lim-
ited skin involvement were found to be higher than patients 
with generalized involvement in scleroderma (Table 3). 



1802 D. Eryavuz Onmaz et al.

1 3

Therefore, it was considered that the parent drug may be 
more effective in reducing disease activity. One of the char-
acteristics of rheumatological diseases is inflammation. 
The inflammatory response contributes to the elimination 
of pathogens and tissue regeneration. These changes are 
associated with an increase in the levels of markers such 
as ESR, CRP. Although these markers are not specific, they 
are commonly used by clinicians to monitor disease activity 
in rheumatologic diseases (Yap et al. 2018). Various stud-
ies have shown that hydroxychloroquine reduces CRP and 
ESR levels, while there are studies showing that the use 
of hydroxychloroquine does not have a significant effect on 
CRP and ESR levels (Shapiro and Levy 2017; Tishler et al. 
1999; Morris et al. 2011). Our findings showed that there 
was a negative correlation between CRP levels with hydrox-
ychloroquine and metabolite levels, while a negative correla-
tion was found between ESR and hydroxychloroquine levels 
(Table 3). Therefore, hydroxychloroquine and its metabolites 
considered to be effective in regressing disease activity by 
limiting inflammation.

Another important aspect of our study was the investiga-
tion of the relationship between various biological parame-
ters with hydroxychloroquine and metabolite levels. Patients 
were divided into 2 groups according to their hydroxychlo-
roquine levels as patients with blood hydroxychloroquine 
levels above 1000 ng/mL (Group1, n = 85) and patients with 
blood hydroxychloroquine levels below 1000 ng/mL (Group 
2, n = 118) and these groups were compared in terms of bio-
logical parameters. Various studies reported that the use of 
hydroxychloroquine is associated with a lower incidence of 
chronic kidney disease (CKD) and delays renal damage (Wu 
et al. 2018; Pons-Estel et al. 2009), while Wu et al. reported 
that hydroxychloroquine has a neutral effect on CKD risk in 
patients with SLE and Jallouli et al. reported that the median 
blood levels of hydroxychloroquine were higher in the SLE 
patients with chronic renal failure than the SLE patients 
with normal renal function (Jallouli et al. 2015b; Wu et al. 
2020). Our findings showed that the levels of hydroxychlo-
roquine and its three metabolites were positively correlated 
with creatinine levels, and a negative correlated with GFR. 
The highest correlation between GFR and creatinine levels 
was between desethylchloroquine levels (Table 3). However, 
there was no statistically significant difference between the 
creatinine levels of Group 1 and Group 2, while the GFR 
levels of Group 1 were slightly lower than Group 2. There-
fore, our findings suggest that blood hydroxychloroquine and 
metabolite levels have an effect on renal function, but there 
is no risk of serious renal toxicity at therapeutic levels.

In addition, RBC and MPV levels of Group 1 were sta-
tistically significantly lower than Group 2. However, RBC 
and MPV levels were within the reference range in both 
groups. Correlation analysis yielded a negative correlation 
between RBC levels with hydroxychloroquine and its three 

metabolites, and a negative correlation between MPV and 
hydroxychloroquine levels (Table 3). As a result of our lit-
erature search, we could not reach any study investigating 
the effect of hydroxychloroquine on hematological param-
eters. However, it has been reported that hydroxychloro-
quine rarely causes hematological side effects. Our findings 
show that there is a relationship between low RBC levels 
with increased hydroxychloroquine and metabolite levels. 
However, it is considered that the effect of hydroxychlo-
roquine on hematological parameters at therapeutic levels 
was limited.

Liver injury induced by hydroxychloroquine is a very 
rarely reported side effect (Tang et al. 2012). There are some 
case reports reporting liver injury with high AST, ALT, 
bilirubin levels due to the use of hydroxychloroquine, but 
these cases are rare. Our findings showed that AST levels 
of Group 1 were slightly higher than Group 2, while there 
was no significant difference between ALT levels. Correla-
tion analysis showed a positive correlation between AST 
levels and hydroxychloroquine and its metabolites levels, 
however, the highest correlation was between AST and 
bidestylchloroquine levels. Morever, there was a positive 
correlation between ALT levels and bidesethylchloroquine 
levels (Table 3). Although our findings show that especially 
bidestylchloroquine may be effective on hepatic function, the 
possibility of hepatotoxicity due to the use of hydroxychlo-
roquine in the specified concentrations seems low.

Conclusion

The developed validated tandem mass spectrometric method 
has been successfully applied for the measurement of blood 
hydroxychloroquine and metabolite levels in patients with 
SLE, RA, SS and Scl, and these levels were found to be com-
patible with the reported levels. Moreover, the association 
of hydroxychloroquine and metabolite levels with clinical 
parameters was investigated. Our findings revealed a rela-
tionship between hydroxychloroquine and desethylhydrox-
ychloroquine levels on the limitation of inflammation and 
disease activity. Especially, bidestylchloroquine appeared 
to be associated with liver function, desethylchloroquine 
appeared to be associated with QTc prolongation, renal 
function, and gastrointestinal adverse effects. Our findings 
suggest that at therapeutic levels, hydroxychloroquine or its 
metabolites do not cause serious adverse effects in patients 
with rheumatologic disease. However, blood hydroxychlo-
roquine and its metabolite levels are associated with disease 
activity, inflammation, hematological parameters, hepatic 
and renal function. Depending on pharmacokinetic vari-
ability, decreases in hydroxychloroquine or metabolite lev-
els seem to be associated with decreased treatment efficacy, 
and increased blood levels seem to be associated with an 
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increased risk of adverse effects. Therefore, monitoring of 
hydroxychloroquine blood levels is important to provide an 
effective and safe treatment.
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