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Abstract

OBJECTIVE—Thyroid dysfunction and obesity during pregnancy have been associated with
negative neonatal and obstetric outcomes. Thyroid hormone reference ranges have not been
established for the pregnant Hispanic population. This study defines thyroid hormone reference
ranges during early pregnancy in Chilean women and evaluates associations of BMI with thyroid
function.

DESIGN, PATIENTS, MEASUREMENTS—This is a prospective observational study of 720
healthy Chilean women attending their first prenatal consultation at an outpatient clinic. Thyroid
function (TSH, Free T4, Total T4, and TPOAb) and BMI were assessed at 8.8 + 2.4 weeks of
gestational age.

RESULTS—Median, 2.5 percentile (p2.5), and 97.5t" percentile (p97.5) TSH values were
higher, while median, p2.5, and p97.5 free T4 values were lower in obese patients compared with
normal weight patients. Obesity was associated with a median TSH 16% higher (p=0.035) and a
median free T4 6.5% lower (p<0.01) than values from patients with normal weight. BMI had a
small, but statistically significant effect on TSH (p=0.04) and free T4 (p<0.01) when adjusted by
maternal age, TPO antibodies, parity, sex of the newborn, gestational age, and smoking. In all
TPOAD (-) patients, median (p2.5—p.97.5) TSH was: 1.96 mIU/L (0.11 — 5.96 mIU/L) and median
(p2.5-p.97.5) free T4 was: 14.54 pmol/L (11.1 — 19.02 pmol/L). Applying these reference limits,
we found a prevalence of overt and subclinical hypothyroidism of 0.9% and 3.05%, respectively.
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CONCLUSIONS—TSH distributes at higher values and free T4 at lower values in obese
pregnhant women compared to normal weight pregnant women. Thyroid hormone reference ranges
derived from Chilean patients with negative TPOAb are different from the fixed internationally
proposed reference ranges and may be used in the Hispanic population.

Keywords

pregnancy; hypothyroidism; thyroid hormones reference range; body mass index and thyroid
function

INTRODUCTION

Hypothyroidism during pregnancy has been associated with gestational complications for
the mother and child including miscarriage, intrauterine growth retardation, preterm delivery
and cognitive impairment in the offspring (1-3). Thus, it is critically important to establish
precise thyroid function reference ranges during pregnancy that lead to accurate diagnosis
and treatment of hypothyroidism in order to avoid these negative outcomes.

International guidelines for the diagnosis and management of thyroid disease during
pregnancy recommend that trimester-specific reference intervals for TSH be calculated
locally for each centre in a population with optimal iodine intake. If these calculated
intervals are not available in the laboratory, fixed TSH reference ranges are recommended
for the first trimester of 0.1-2.5 mIU/L and 0.2-3.0 mIU/L for the second trimester (4-6).

Although several studies from different global regions define reference ranges for thyroid
hormones during pregnancy (7-17), there are scarce data on this topic in the Hispanic or
Latin American population. In 2012, we conducted a pilot study of thyroid disease
prevalence during early pregnancy in Chilean women (18) and found it to be much higher
than the global prevalence reported until then (8-11, 13-16). This led us to hypothesize that
thyroid hormone reference ranges in pregnant Chilean women were different from those
reported in international guidelines, and additional factors such as ethnicity, interassay
variability, and body mass index may have contributed to these distinct reference ranges.

Interassay differences for TSH are relatively small (r= 0.91-0.98), but free T4 measurements
seem to be much more prone to interference and have larger interassay variability (r=0.68—
0.89) (19, 20). We postulated that differences in free T4 concentrations between our cohort
and other cohorts around the world may be at least in part attributed to assay-related factors
and that differences in TSH may be ascribed to other variables including race, ethnicity,
regional factors, or weight.

The prevalence of obesity has increased dramatically worldwide to the point of becoming a
global epidemic (21). It is known that TSH and body mass index (BMI) are positively
correlated in non-pregnant subjects (22). Free T4 concentrations have also been shown to
change with increasing BMI (11, 23-26). In 2011, the American Thyroid Association (ATA)
guidelines suggested that “serum TSH testing should be carried out in pregnant women with
morbid obesity” (5), but there were insufficient data on the relationship between BMI and
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maternal thyroid function during early pregnancy to routinely consider BMI as a variable
when establishing normal TSH values.

Chile has a population with a high prevalence of obesity that affects nearly 25% of adults
(21). Given the limited data on thyroid function reference ranges during pregnancy in the
Hispanic population, the high prevalence of obesity seen in Chile, and the lack of data on
free T4 assays during pregnancy in this population, we conducted the present study to
establish local thyroid hormone reference ranges that would hopefully be applicable to the
Hispanic population. We also explored the effect of BMI on thyroid function during early
pregnancy. Finally, we calculated multiple of medians (MoM) for TSH and free T4 to
interpret and compare our upper and lower limits with those of other populations
independent of assay differences.

MATERIALS AND METHODS

Subjects

Protocol

Pregnant women with singleton pregnancies attending their first prenatal care visit in three
primary health care centres in Santiago, Chile, were invited to participate in the study during
the first half of 2014. The socioeconomic status of these women was uniformly low. We
excluded women with multiple gestations, women who presented to their first prenatal visit
after week 14, women with prior history of thyroid dysfunction, diabetes, use of medications
that can affect thyroid function such as antidepressants, anticonvulsants and antipsychotic
drugs, a history of thyroid surgery or radioactive iodine treatment.

This study was approved by the Research Ethics Committee of the School of Medicine at the
Pontificia Universidad Catolica de Chile and by the South Metropolitan Health Services
Ethics Committee. All participants signed an informed consent.

Gestational age was determined by the last menstrual period and confirmed by ultrasound
examination. When a major discrepancy between these two dates was found, the date of
gestation was ultimately defined by ultrasound examination. Each participant completed a
standardized clinical questionnaire of demographic and obstetric details with special
emphasis on thyroid disease risk factors described by the Endocrine Society and the ATA
guidelines (3,4). The questionnaire included menstrual periodicity, history of previous
intrauterine growth restriction (IUGR), history of spontaneous miscarriages, premature
labour, preeclampsia, previous offspring with developmental delay, and personal or family
history of thyroid diseases such as goitre, neck radiotherapy, or other autoimmune diseases.

A morning fasting venous blood sample was obtained and kept at 4° Celsius. Serum
concentrations of TSH, total T4, free T4 (FT4) and anti-thyroid peroxidase antibodies
(TPOADb) were measured at the Central Laboratories of the Pontificia Universidad Catolica
de Chile, which have international accreditation, ISO 15189.

Every patient was weighed and measured in the morning of the same visit that the blood
sample was obtained. Their body mass index (BMI) was calculated by dividing their weight
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in kilograms by the square of their height in metres (kg/m?2). Patients were assigned to the
underweight (UW) group when BMI was <20 kg/m?, the normal weight (NW) group when
BMI was 20-24.9 kg/m?, the overweight (OW) group when BMI was 25-29.9 kg/m? and the
obese (OB) group when BMI was = 30 kg/m?2. Only 10 patients were classified as morbidly
obese (BMI1=240 kg/m?2). Due to the small number of women in this category, we included
them in the obese (OB) group for our analyses. We used universal BMI categories because
the hormonal changes from pregnancy and the actual weight of the foetus do not
substantially change the mother’s weight in early pregnancy.

Laboratory determinations

Ultrasensitive TSH, total T4, and FT4 were measured by competitive
electrochemiluminescent immunoassay (Modular Analytics E 170, Roche, Indianapolis, IN,
USA). For TSH, the threshold of detection was 0.005 mIU/L, and the intra- and interassay
coefficients of variation were <3.3% at a range of 0.035 to 3.66 mIU/L. For total T4, the
analytical sensitivity was 5.4 nmol/L with intra- and interassay coefficients of variation
<4.2% at a range of 65.64 to 231.66 nmol/L. For FT4, the analytical sensitivity was 0.296
pmol/L with intra- and interassay coefficients of variation <3.6% at a range of 14.93 to
25.74 pmol/L. The quantitative determination of TPOAb was performed by a microparticle
enzyme immunoassay (AXSYM-ABBOT) with an analytical sensitivity of 1 kIU/L. During
the study period, the manufacturer’s reference values for non-pregnant women were as
follows: TSH: 0.3-4.2 mIU/L; T4: 59.2-154.44 nmol/L; FT4:10.3-23.2 pmol/L; and
TPOAb <12 KIU/L.

Statistical analyses

All variables were subjected to a normality test (Kolmogorov-Smirnov test) and were
analysed with parametric (Student’s t test) and nonparametric tests (Kruskal-Wallis), as
appropriate. The comparison between the frequencies of risk factors was performed with the
Chi-square (Xz) test with Yates correction. Risk analysis was performed with logistic
regression and linear regression. A multiple linear regression was used to examine the effect
of BMI as a continuous variable on TSH and free T4. Changes in BMI were quantified as
1Kg/m2. TSH values were negatively skewed, so a square-root transformation of TSH was
used. Free T4 was normally distributed, so no transformations were done. Adjusting
covariates included age (in years), TPO antibodies (yes vs. no), parity (one, and two and
more children compared to nulliparous women), sex of the newborn (M vs. F), gestational
age (in weeks), and smoking (yes vs. no). To test for normality, linearity and
heteroscedasticity we predicted raw residuals, standardized residuals, and studentized
residuals. We created histograms of these residuals that confirmed the normality assumption
and ran rvfplots and component-plus-residual plots (cprplots) to confirm the linearity of our
data. We also ran hettest and whitetst to quantitatively test for homoscedasticity and
confirmed that indeed all our assumptions were met. Multiple of medians (MoM) were
calculated by dividing each individual’s TSH and free T4 values by the trimester-specific
population median. The p value was established a priori for statistical significance at 0.05.
All statistical analyses were conducted using STATA, version 12.0 (College Station, Texas,
USA).
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From December 2013 to June 2014, 865 pregnant women were invited to participate in the
study. We excluded 93 women who had a history of thyroid disease (10.7%), 34 women who
used medications that could affect thyroid function, 8 women who refused to participate, 10
women who did not complete the study. A total of 720 women with singleton pregnancies
were included in the final study population.

The demographic, clinical, and obstetric characteristics of the 720 patients are described in
Table 1. The mean £+ SD maternal age of our patients was 25.4 + 6.6 years. More than half of
the patients were pregnant for the first time and attended a first prenatal visit by week 9; all
patients were enrolled before 14 weeks of gestational age. The mean + SD gestational age at
which laboratory and BMI determinations were performed was 8.8 + 2.4 weeks. Only 81 of
720 women were enrolled between 12 weeks and 14 weeks. The mean + SD BMI of our
pregnant women was 26.3 + 5.1 kg/mZ2, but half of our study population was overweight or
obese (BMI = 25 kg/m?). The socio-economic status of our pregnant patients was uniformly
low.

Thyroid hormones, thyroid peroxidase antibodies, and BMI

Obese pregnant women had a median TSH that was 16% higher (2.34 vs. 1.99 mIU/L,
p=0.036) and a median free T4 that was 6.5% lower (13.9 vs. 14.8 pmol/L, p<0.01) than
pregnant women with a normal weight (Figure 1).

TPOAD were positive (>12 kIU/L) in 10.1% of the patients (73/720). There was a non-
statistically significant increase in TPOAb with increasing BMI: 4/47 (8.5%) in UW, 25/295
(8.5%) in NW, 25/226 (11%) in OW, and 19/152 (12.5%) in OB (p for trend=0.148). The
association of decreased thyroid function with increasing BMI was also present in the
TPOAb-negative group (Table 2).

Using linear regression, we performed multivariate analyses to examine the effects of BMI
on TSH and free T4. Higher BMI was significantly associated with higher TSH (p=0.04,
Table 3A) and lower free T4 (p<0.001, Table 3B) when adjusted by maternal age, TPO
antibodies, parity, sex of the newborn, gestational age, and smoking. The total explained
variance (R2) of our model for TSH was 7.97%. BMI explained 1.41% of this variance. TPO
antibodies and sex of the newborn were the remaining significant determinants in our model.
The R2 change of these determinants were 5% and 1%, respectively. The total explained
variance of our model for Free T4 was 16.3%. BMI explained 5.3% of this variance. The
remaining significant determinants in our Free T4 model were maternal age, TPO
antibodies, and gestational age. The R2 change of these determinants were 2.5%, 1.1%, and
5.1%, respectively.

In the 647 patients without TPOAb (TPOAb-), the median TSH was 1.96 mIU/L, with a p2.5
and p97.5 of 0.11 and 5.96 mIU/L, respectively; the median total T4 was 122.3 nmol/L, with
ap2.5 and p97.5 of 86.2 and 181.2 nmol/L, respectively; and the median free T4 was 14.54
pmol/L, with a p2.5 and p97.5 of 11.1 and 19.02 pmol/L, respectively.
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Defining thyroid hormone reference ranges and thyroid disease in early pregnancy

With reference values derived from all patients with negative TPOADb (-) (p2.5-p97.5: 0.11-
5.96 mIU/L, n=647), the prevalence of overt hypothyroidism was 0.9% and that of
subclinical hypothyroidism was 3.05%. Using fixed TSH cutoff concentrations of 2.5 and
3.0 mIU/L for the first and second trimesters, respectively, as described in international
guidelines, we would have found a prevalence of overt hypothyroidism of 2.5% and a
prevalence of subclinical hypothyroidism of 34.2%. Figure 2 shows a distribution of serum
TSH values within the normal reference range (2.51-97.5M percentiles) of pregnant women
in the first trimester (<12 weeks, n=502) without anti-TPOAb. Applying a fixed TSH cutoff
concentration of 2.5 mIU/L, 24.4% of the patients would have been misclassified as having
an elevated TSH.

To determine if the early pregnancy reference ranges of our population are comparable to
those of other populations independent of interassay differences, we calculated the multiple
of medians (MoM) for TSH and free T4 values and derived lower (2.5 percentile) and
upper (97.5™ percentile) limits for both hormones. MoM for TSH: 2.5-97.5™ percentiles
were 0.057-2.88, respectively, and MoM for free T4: 2.51-97. 5t percentiles were 0.77-
1.28, respectively.

DISCUSSION

To our knowledge, this is the first Latin American population study to define TSH, total T4,
and free T4 reference ranges in pregnant patients that explores the relationship between
maternal BMI and thyroid function during early pregnancy. We found that TSH reference
ranges in pregnant Chilean women were different from the fixed limits proposed in
international endocrine guidelines (4-6). As BMI increased, we observed that the TSH
distribution curves shifted to higher values, while total T4 and free T4 distributions shifted
to lower values. In multivariate models, BMI had a small but statistically significant effect
on TSH and free T4 when adjusted by maternal age, TPO antibodies, parity, sex of the
newborn, gestational age, and smoking. The multiple of medians (MoM) for the TSH and
free T4 lower and upper reference limits were comparable to those of other populations (27).

Our findings suggest that higher BMI in the first trimester of pregnancy is associated with
decreased thyroid function. This effect size was small and the overall variance of our models
suggests that other parameters in addition to the ones collected likely explain the variability
of TSH and Free T4. This association has also been reported by Mannisto et al. in Finland,
where BMI was positively correlated with TSH and negatively correlated with free T4
concentrations in early pregnancy (11). Han et al. also found in Chinese pregnant women
that TSH in the first trimester shifted to higher values and free T4 shifted to lower values
with increasing BMI (23). The association between lower free T4 values with higher BMI in
the first trimester appears to be a uniform finding around the world. However, higher TSH
values are not consistently associated with higher BMI. For example, Pop et al. found an
association between lower free T4 levels and higher BMI, but they could not find a
correlation between BMI and TSH levels at 12 weeks of gestation (24). Similarly,
Gowachirapant et al. did not see an association between TSH and BMI in iodine-deficient
pregnant Thai women (25). Haddow et al. did not find TSH to be associated with weight
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during early pregnancy (26). All of these studies, including ours, reveal an association
between higher BMI and lower free T4 in early pregnancy. Possible explanations for the
discrepant findings on the association between TSH and BMI may stem from differences in
the number of subjects, differences in iodine sufficiency, and differences in ethnic or
regional factors that may make the association between TSH and BMI more evident in some
areas rather than others.

High TSH has been associated with elevated BMI in non-pregnant subjects (22, 28, 29), and
there are several suggested mechanisms that may lead to increased TSH levels in obesity.
Adipose tissue is considered to be an active endocrine organ that produces leptin, cytokines,
and other inflammatory factors. Leptin has been shown to dose-dependently stimulate pro-
TRH biosynthesis both directly through actions on TRH neurons and indirectly through a-
melanocyte-stimulating hormone (30-32). Despite the higher plasma TSH levels, TSH
receptors are less expressed on adipocytes of obese vs. lean individuals (33). This reduced
TSH receptor expression might induce down-regulation of thyroid hormone receptors and
thyroid hormone action, thereby further increasing plasma TSH concentrations and
constituting a condition of peripheral thyroid hormone resistance. Another theory is that
obesity produces a decrease in peripheral deiodinase activity, thus reducing T3 production
from T4 with subsequent feedback stimulation of TSH (34). In keeping with our finding that
TPOAD positivity increases as BMI goes up, leptin has also been independently implicated
in thyroid autoimmunity (35). Altogether, these observations provide biological hypotheses
for the association of decreased thyroid function in patients with elevated BMI.

We defined thyroid function reference ranges during early pregnancy in Chilean women and
compared these limits to trimester-specific fixed ranges proposed in international endocrine
guidelines (4-6) We found that our thyroid hormone reference ranges were different from
static ranges. This difference may be attributed to low iodine intake, although a recent study
from China measured first-trimester serum thyroid function and urinary iodine in an iodine-
sufficient population and found that low urinary iodine had no significant effect on mean
TSH and free T4 concentrations (36). The possibility of a higher prevalence of autoimmune
thyroid disease also seemed unlikely because we excluded all women with thyroid disease
and TPOAD (+) to define our reference range. Therefore, it is possible that ethnic or regional
factors may explain our distinct reference ranges. In this regard, it is worth noting that Indian
and Chinese populations showed similar reference ranges as those described by our study
(37-39). Differences in TSH levels among pregnant women from different ethnic groups
have been shown before (40, 41). More recently, Korevaar et al. (42) reported a significant
change in the prevalence of thyroid dysfunction when ethnic-specific reference ranges were
applied to four populations of iodine-sufficient pregnant women, suggesting that ethnicity
plays a major role in the definition of thyroid hormone reference ranges during pregnancy.
Finally, sample processing and assay methodology variations may have contributed to our
discrepant findings. During pregnancy, the serum levels of the thyroid hormone binding
globulins and albumin are increased. These changes vary by individual, and “free” hormone
measurements by immunoassays are influenced by these alterations. Consequently, the
results of free hormone measurements may vary depending on the assay. This is particularly
true for free T4 (19). When we calculated our upper and lower reference limits expressed as
the multiple of medians (MoM), our limits were comparable to those of many published
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cohorts around the globe (27). This suggests that differences in our early pregnancy thyroid
hormone reference ranges with other cohorts or with the fixed values proposed by
international guidelines can be at least in part explained by interassay variability.

The strengths of our study include the prospective collection of data in the largest Hispanic
cohort of pregnant women reported to date. This study allowed us to define reliable early
pregnancy thyroid hormone reference ranges that may be extended to other Hispanic
populations. In addition, we were able to examine the effects of BMI on TSH and free T4
distribution and its real impact in multivariate models. Finally, all of our samples were
obtained fasting and before 11AM. Circadian variations in TSH with higher values early in
the morning that decline thereafter have been previously reported. The standardized
sampling in our study provides a clear advantage that minimizes the influence of circadian
variations and food intake on TSH results. Despite its strengths, our study has several
limitations. First, we only collected thyroid hormone levels in early pregnancy, so the
proposed reference ranges only apply to women < 14 weeks of gestational age. Further
studies should be conducted to define other trimester-specific thyroid hormone reference
ranges. Second, BMI was only calculated at the initial visit, so we could not evaluate
longitudinal associations of weight and thyroid function and we are not able to establish
causal relationships between weight and thyroid function. Third, the socioeconomic status of
these women was uniformly low, so the results of this study may not be generalizable to a
population with higher socioeconomic status. Fourth, we did not collect median urine iodine
levels to objectively document iodine sufficiency. Lastly, hCG was not evaluated, and it
might be hypothesized that the differences in the relationship between BMI and TSH during
pregnancy compared to the general (female) population might be hCG related.

In conclusion, the present results provide information on the association between BMI and
thyroid hormone concentrations and indicate that obese pregnant patients are more
susceptible to thyroid dysfunction in the first trimester. The results of our study have
provided additional information on the reference intervals of thyroid hormones during early
pregnancy from a thyroid disease-free, antibody-negative Chilean population. Our results
may be generalizable to other Hispanic populations.
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Figure 1.
Median TSH, and Free T4 according to BMI categories in all patients (n=720).

Ordinates of panel A are TSH values in mIU/L and ordinates in panel B are Free T4 values
in pmol/L.
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Figure 2.
Distribution of serum TSH values within the normal reference interval (2.5"- 97.5t

percentiles) in the first trimester in 502 Chilean women with negative TPO antibodies.
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Clinical and obstetrical characteristics of the study population (n=720)

Mean maternal age * SD, years 254 +6.6
Maternal age, n (%)

Younger than 18 59 (8.2)
18-24 309 (42.9)
25-34 268 (37.2)
35 and over 84 (11.7)
Mean gestational age at entry #SD, weeks 8.8+ 2.4
Gestational age at first prenatal visit, n (%)

< 9 weeks 396 (55.0)
9 to <11 weeks 166 (23.1)
11 to <14 weeks 158 (21.9)
History of previous pregnancies, n (%)

Nulliparous 381 (52.9)
Parity 1 204 (28.3)
Parity > 2 135 (18.8)
Smokers, n (%) 89 (12.4)
Mean BMI + SD kg/m? 26.3+5.1
BMI range 16.3-45.8
Initial weight, n (%)

Underweight (BM1<20) 56 (7.8)
Normal weight (BM1:20-24.9) 299 (41.5)
Overweight (BMI:25-29.9) 220 (30.6)
Obesity (BMI=30) 145 (20.1)
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Table 3

Multivariate linear regression models examining the effect of body mass index (BMI) on A. TSH and B. Free
T4 when adjusted by maternal age, TPO antibodies, parity, sex of the newborn, weeks of gestation, and

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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smoking.

A.

TSH” (n=557) Regression coefficient | Standard Error | p-value
BMI 0.009057 0.0043117 0.036
Age -0.0039257 0.0038971 0.314
TPO Antibodies 0.3768184 0.0699704 0.000
Parity 1 -0.0935275 0.0520008 0.073
Parity =2 0.0026789 0.0650321 0.967
Sex of newborn 0.0911571 0.0413148 0.028
Gestation (weeks) 0.0040729 0.0086249 0.637
Smoking -0.0974039 0.0639362 0.128
Intercept 1.394582 0.1936655 0.000
B.

Free T4 (n=560) Regression coefficient | Standard Error | p-value
BMI -0.0899735 0.0167457 0.000
Age - 0.0396639 0.0150878 0.009
TPO Antibodies -0.7663849 0.2622203 0.004
Parity 1 0.1713447 0.2008147 0.394
Parity 2 - 0.284663 0.251601 0.258
Sex of newborn 0.098168 0.1597093 0.539
Gestation (weeks) - 0.1946608 0.0332834 0.000
Smoking 0.2690603 0.247179 0.277
Intercept 19.18689 0.7483954 0.000

*
TSH is square-root transformed

¥RZ2=7.97%

¥R2=16.3%
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