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Abstract

Background: Subclinical hyperthyroidism (SH, defined by low or
undetectable serum thyroid stimulating hormone and normal thyroid
hormones) is associated with increased cardiovascular risk (CVR)
such as atrial fibrillation. Few studies also showed an increased risk of
vascular disease and mortality in SH. Inflammation has been shown
to play a significant role in the pathogenesis of cardiovascular dis-
ease. Increased levels of C-reactive protein (CRP), lipoprotein asso-
ciated phospholipase A2 (Lp-PLA2, an inflammatory marker which
plays a critical role in atherosclerosis), neutrophil to lymphocyte ratio
(NLR) and monocyte to lymphocyte ratio (MLR) have been reported
in conditions with increased cardiovascular risk. We aimed to ascer-
tain whether abnormal CRP, Lp-PLA2, NLR and MLR contribute to
an increased CVR in SH.

Methods: CRP, Lp-PLA2, NLR and MLR in peripheral blood were
measured in 30 SH subjects at baseline and after 6 months of treat-
ment with either carbimazole or placebo in a randomized placebo-
controlled design.

Results: There was no significant difference in CRP, Lp-PLA2,
NLR and MLR between carbimazole and placebo treated groups at
6 months. There was also no statistical difference in the above pa-
rameters if we compared the change or difference between two visits
(visit 2 and visit O levels) in both groups.

Conclusion: There is no evidence of chronic inflammation in our
small cohort of SH subjects. Our finding needs to be confirmed in
future studies with larger number of SH subjects.
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Introduction

Subclinical hyperthyroidism (SH) is characterized by low se-
rum concentration of thyroid stimulating hormone (TSH) in
the presence of normal serum thyroid hormones and the ab-
sence of obvious symptoms of hyperthyroidism. The reported
prevalence of SH is variable (depending on the area, iodine
intake and inclusion of exogenous SH), more common in
women than in men (female/male ratio is 1.5:1) and its inci-
dence increases with advancing age [1]. SH is associated with
increased prevalence of atrial fibrillation [2] and few but not
all studies have shown association of SH with cardiovascular
disease [3] and increased mortality [4].

Chronic inflammation has been shown to play a signifi-
cant role in the pathogenesis of cardiovascular disease [5]. One
of the established inflammatory vascular markers, C-reactive
protein (CRP) has been shown as an independent risk factor
for cardiovascular events [6]. Lipoprotein associated phospho-
lipase A2 (Lp-PLA2), an enzyme produced by inflammatory
cells, has been shown to be an independent predictor for future
ischemic events [7].

Elevated neutrophil to lymphocyte ratio (neutrophil count
divided by lymphocyte count, NLR) and monocyte to lympho-
cyte ratio (MLR) have been reported as a marker for chronic
inflammation, which seems to predict death and major cardio-
vascular events in patients with ischemic heart disease [8, 9].

We hypothesised that SH was associated with abnormal
levels of CRP, Lp-PLA2, NLR and MLR contributing to ath-
erosclerosis and or increased cardiovascular risk. The primary
aim of this study was to evaluate the effect of anti-thyroid
drug carbimazole (compared to placebo) on the inflammatory
vascular markers such as CRP, Lp-PLA2, NLR, and MLR in
peripheral blood of SH subjects. Our secondary aim was to
evaluate anthropometric measurements in SH after treatment
with carbimazole compared to placebo.

Materials and Methods

Thirty SH patients, aged 21 to 70 years old were recruited from
Endocrine Clinic at Tan Tock Seng Hospital, a tertiary hospital
in Singapore after the diagnosis has been confirmed at least on
two occasions 6 to 8 weeks apart, showing low serum TSH with
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normal thyroid hormones, both free thyroxine (FT4) and free
triiodothyronine (FT3). All study subjects had milder form of
SH with detectable serum TSH due to multinodular goiter. Ex-
clusion criteria included sick euthyroid state, recent radioiodine
therapy (within 1 year of screening visit), pregnant or breast-
feeding patients, and acute medical illnesses such as infections
and active cancer. Due to difficulty in recruitment, we included
patients with cardiovascular risk factors: % of patients in the
placebo vs carbimazole group, diabetes mellitus: 33% versus
42%, hypertension: 44% versus 42%, hyperlipidemia: 33% ver-
sus 33% and ischemic heart disease: 6% versus 8§%.

At the initial visit (visit 0), all subjects had anthropometric
measurements (height, weight, body mass index (BMI), blood
pressure, fasting bloods for CRP, Lp-PLA2, NLR and MLR).
SH patients were then randomized electronically in blocks of 4
using randomization codes by a statistician (for carbimazole or
placebo) to receive either carbimazole or placebo in a parallel
group trial design. The study investigators and the study sub-
jects were blinded in the randomization process.

At 12 weeks (visit 1), thyroid function test (TFT) was re-
peated and if necessary, dose of carbimazole was amended to
achieve biochemical euthyroid state (Fig. 1). Similar adjustment
in the dosage (number of tablets) was done for those on placebo
tablets. This dosage adjustment was done by the research co-
ordinator, who was not blinded, in discussion with the principal
investigator who was blinded in the process. All subjects had
similar measurements at the final visit at 6 months (18 in place-
bo group and 12 in carbimazole group completed the study). The
recruitment period was from November 2012 to January 2018.

Biochemical measurements

Serum TSH, FT4 and FT3 were performed on two Beckman
Coulter DxI-800 immunoassay analyzers using manufacturer-
supplied reagents and calibrators. Locally derived 95% refer-
ence intervals for each of the assays were: FT4 § - 21 pmol/L,
FT3 3.5 - 6.0 pmol/L, TSH 0.34 - 5.6 mU/L. Serum CRP was
performed after collecting venous blood in lithium heparin
containing vacutainer by rate turbidometry method with nor-
mal reference value between 0 and 5 mg/L.

Lp-PLA2

Serum Lp-PLA2 levels were measured by enzyme linked im-
munosorbent assay (ELISA) method using a commercially
available kit from RayBiotech (RayBio Human Lp-PLA2
Elisa kit, Georgia, United States). The serum was in a dilu-
tion of 2x for the assay, following the manufacturer’s instruc-
tions. The intra-assay coefficient variation was below 36%. All
samples were analyzed at the end of the study from the frozen
serum samples which were stored in the freezer at -20 to 80 °C.

NLR and MLR

This was performed after collecting venous blood in ethylene
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SH (30)
Dx confirmed with atleast 2 TFTs

Anthropometry
BP, CRP, Lp-PLA2,
NLR, MLR

Randomisati‘o/\

Carbimazole Placebo (18)
(12) 1 tablet

1 tablet (5Smg)
TFT at 12 Weeks
(visit 1)
Dose adjustment if
needed

TSH < 0.1 mU/l and FT4 8-21 pmol/l: Increase CBZ/PLB 2 tab/d
TSH 0.1-0.34 mU/l and FT4 8-21 pmol/l: Increase CBZ/PLB 1.5 tab/d
TSH 0.34-4 mU/1 and FT4 8-21 pmol/: maintain CBZ/PLB 1 tab/d
TSH 4.1-12 mU/l and FT4 < 8 pmol/l: Decrease CBZ/PLB half tab/d
PS: If FT4 > 21 pmol/l or TSH > 12 mU/], to withdraw from study

6 months
Visit 2

Visit 0

Anthropometry Anthropometry
BP, CRP, Lp-PLA2, BP, CRP, Lp-PLA2,
NLR, MLR NLR, MLR

End of study

Figure 1. SH study flow chart. SH: subclinical hyperthyroidism; BP:
blood pressure; CRP: C-reactive protein; Lp-PLA2: lipoprotein asso-
ciated phospholipase A2; NLR: neutrophil to lymphocyte ratio; MLR:
monocyte to lymphocyte ratio; TSH: thyroid stimulating hormone; FT4:
free thyroxine; PLB: placebo.

diamine tetraacetic acid (EDTA) containing vacutainer for
full blood count (FBC). Impedance counting/flow cytometry
method was used. The reference values for neutrophil, mono-
cyte, and lymphocyte counts are 1.9 - 6.6 x 10%/L (40-74%),
0.2 - 0.7 x 10°/L (4-10%), and 1.1 - 3.1 x 10%/L (17-49%) re-
spectively.

Statistical analysis

This was done using Software for Statistics and Data Science
(STATA) 13. There was no previous study on Lp-PLA2, NLR,
MLR and effect of treatment on the above markers in SH pa-
tients to calculate the sample size. We wished to recruit 40
SH patients in total but could not achieve this target due to
difficult recruitment. The comparison between carbimazole
and placebo was assessed using Student’s ¢-test for normally
distributed data (described using mean and standard devia-
tion, SD). The Wilcoxon rank sum test was used to assess for
comparisons for the data which were not normally distributed,
and their results were described using median and range. The
results were declared as being significant if P-value is less
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Table 1. Comparisons Between SH Patients on Carbimazole and Placebo at Baseline and at 6 Months

Characteristics Placebo (n = 18) Carbimazole (n = 12) P1 P2
Age (years) 57 (46 - 63) 55 (44 - 65.5) 0.96 -
Sex M/F (%) 5/13 (27.8/72.2) 3/9 (25/75) 0.99 -
Diabetes (%) 6(33.3) 4(33.3) 0.99 -
Hypertension (%) 8 (44.4) 5(41.7) 0.99 -
Hyperlipidemia (%) 6(33.3) 4(33.3) 0.99 -
THD (%) 1 (5.6) 1(8.3) 0.99 -
Atrial fibrillation 0 0 - -
BMI (kg/m?) 0.27 0.22
Visit 0 23.4(21.1-26.3) 25.0 (24.2-26.5)
Visit 2 23.6 (21.6 - 26.6) 25.2 (24.3-26.8)
Systolic BP 0.79 0.30
Visit 0 127.5 (119 - 140) 128.5 (109.5 - 138.5)
Visit 2 130.0 (116 - 146) 124.5 (109.0 - 144.0)
Diastolic BP 0.64 0.34
Visit 0 71 (68 - 74) 65.5 (63.5 - 82)
Visit 2 70.5 (68 - 76) 76.0 (68.5 - 82.0)
FT4 (pmol/L) 0.45 0.06
Visit 0 13 (12 - 15) 13 (11.5-13.5)
Visit 2 12.5 (11 - 14) 11.5(10.5 - 12.0)
TSH (mIU/L) 0.68 0.0008
Visit 0 0.19 (0.14 - 0.27) 0.25(0.1-0.29)
Visit 2 0.33 (0.20 - 0.48) 1.1 (0.7 -2.3)
CRP (mg/L) 0.98 0.52
Visit 0 1.1 (0.20 - 16.8) 1.5 (0.20 - 6.2)
Visit 2 1.05(0.2-11.3) 1.1(0.2-7.0)
Lp-PLA2 (ng/mL) 0.08 0.15
Visit 0 443.33 (55.98 - 7,129.43) 191.16 (52.44 - 1,244.75)
Visit 2 455.21 (68.87 - 3,904.35) 207.79 (58.18 - 827.35)
NLR 0.28 0.87
Visit 0 1.69 (0.96 - 3.49) 1.79 (1.10 - 5.21)
Visit 2 2.10(1.49 -2.43) 2.06 (1.59 - 2.52)
MLR 0.34 0.29
Visit 0 0.23(0.12-0.41) 0.26 (0.15-0.39)
Visit 2 0.23 (0.20 - 0.28) 0.23 (0.21 - 0.31)

All data except age and sex are expressed as median and range. P1 and P2 are the differences between placebo and carbimazole groups at visit
0 and visit 2, respectively. IHD: ischemic heart disease; BMI: body mass index; BP: blood pressure; TSH: thyroid stimulating hormone; FT4: free
thyroxine; CRP: C-reactive protein; Lp-PLA2: lipoprotein associated phospholipase A2; NLR: neutrophil to lymphocyte ratio; MLR: monocyte to lym-

phocyte ratio.

than 0.05.

Results

There was no significant difference between the two groups

30

at baseline in relation to age, sex, BMI, blood pressure, TSH,
FT4, and the presence of vascular markers such as hematocrit
(HT), hyperlipidemia, diabetes, atrial fibrillation and ischemic
heart disease.

Serum TSH improved in the carbimazole treated group at
6 months (median of 1.1 versus 0.33 mU/L, P = 0.0008). Se-
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rum FT4 also improved after treatment with carbimazole but
did not reach statistically significance (from a median of 13 to
11.5 pmol/L).

We did not find any significant difference in the levels
of CRP, Lp-PLA2, NLR and MLR between carbimazole and
placebo groups (Table 1). There was also no statistical differ-
ence in the above parameters if we compared the change or
difference between two visits (visit 2 and visit 0 levels) in both
groups.

Discussion

We report for the first time that inflammatory markers, in-
cluding well known marker (CRP) and the newer markers
such as Lp-PLA2, NLR and MLR are not affected in our
small cohort of SH subjects. The above mentioned inflam-
matory markers did not change significantly in the carbima-
zole treated group compared to the placebo group at 6 months
despite the former group achieving euthyroid state with nor-
malization of serum TSH.

Few studies have evaluated serum CRP levels in hyper-
thyroidism. Only one study reported higher CRP in 250 hy-
perthyroid subjects compared to controls but the same study
reported much higher CRP levels in hypothyroid subjects
[10]. Two studies evaluated CRP levels in SH subjects and
both reported no change in CRP levels compared to euthy-
roid group [11, 12]. Bilgir et al also evaluated CRP levels 3
months after treatment with propyl thiouracil and reported no
significant change in CRP levels after using anti-thyroid drug
[11]. In our study, we also found no significant change in CRP
levels after carbimazole suggesting absence of inflammatory
state in SH.

There are no previous studies on Lp-PLA2 in SH or
overt hyperthyroidism. Even though this novel inflamma-
tory marker has been shown to be an independent vascular
marker, we did not find any difference in their levels after
carbimazole.

Similarly, there are no previous studies evaluating NLR
and MLR in SH. One study studied NLR in subjects with hy-
perthyroidism due to Graves’ disease and reported low NLR
in Graves’ disease subjects compared to controls [13]. How-
ever, in our study, all SH subjects had nodular goiter rather
than due to Graves’ disease and even in this group, we did not
find any significant change in NLR or MLR. Hence, these re-
sults again suggest lack of chronic inflammatory state in SH.

The strengths of this study include evaluation of four dif-
ferent inflammatory markers in SH subjects using randomized
placebo-controlled model. The disadvantage of this study in-
cludes smaller number of SH subjects mainly due to difficulty
in recruitment and studying few SH subjects with established
cardiovascular risks.

From the clinical perspective, current guidelines advo-
cate treatment for older subjects with grade 2 SH (TSH < 0.1
mU/L) due to associated morbidities such as atrial fibrillation
and selected symptomatic younger SH subjects based on ob-
servational studies [14, 15]. As of now, randomized controlled
trials (RCTs) showing cardiovascular benefit with treatment
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of SH is lacking. Hence, we studied whether treating SH im-
proves the inflammatory markers. However, we could not
prove existence of chronic inflammation in small number of
SH subjects in our study.

Conclusion

There is no evidence of chronic inflammation in our small
cohort of SH subjects. Our finding needs to be confirmed in
future studies with larger number of SH subjects.
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