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Context

Anemia and thyroid dysfunction often co-occur anthbincrease with age. Human data on
the relationship between thyroid disease and anareiacarce.

Objective

THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
O
ﬁ

ADVANCE ARTICLE:

ENDOCRINE
SOCIETY

1

ed from https://acadeni c. oup. comlj cenl advance-articl e-abstract/doi/10.1210/j c.2018- 00481/ 5063492
si taet sbhibliothek Bern user
just 2018




The Journal of Clinical Endocrinology & Metabolis@ppyright 2018 DOI: 10.1210/jc.2018-00481

To investigate the cross-sectional and longitudaisabciations between clinical thyroid
status and anemia.

Design

Individual participant data meta-analysis.

Setting

Sixteen cohorts participating in the Thyroid Stgdizllaboration (n=42 162).

Main outcome measures

Primary outcome measure was anemia (hemoglobin g3 men and <120 g/L in
women).

Results

Cross-sectionally, participants with abnormal thgrstatus had an increased risk of having
anemia compared with euthyroid participants (ofgpothyroidism, pooled odds ratio 1.84
[95% CI: 1.35-2.50], subclinical hypothyroidism 1.[A.02-1.43], subclinical
hyperthyroidism 1.27 [1.03-1.57], overt hyperthgieim 1.69 [1.00-2.87]). Hemoglobin
levels were lower in all groups compared to pgstiaits with euthyroidism.

In the longitudinal analyses (n=25,466 from 14 atd)pthe pooled hazard ratio for the risk
of development of anemia was 1.38 [95% CI: 0.8®Ppf@r overt hypothyroidism, 1.18
[1.00-1.38] for subclinical hypothyroidism, 1.159@-1.42] for subclinical hyperthyroidism
and 1.47 [0.91-2.38] for overt hyperthyroidism. Si&wity analyses excluding thyroid
medication or high levels of C-reactive proteinlgés similar results. No differences in
mean annual change in hemoglobin levels were obdéygtween the thyroid hormone status
groups.

Conclusion

Higher odds of having anemia were observed in patticipants with hypothyroid function
and hyperthyroid function. In addition, reducedrtigl function at baseline showed a trend of
increased risk of developing anemia during follogv-li remains to be assessed in a
randomized controlled trial whether treatment fe@fve in reducing anemia.
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This individual participant data meta-analysis found higher odds of having anemia in both participants
with decreased and increased thyroid function.

I ntroduction

Thyroid diseases and anemia are common disorddrihair prevalences increase with age
(1-4). Hypothyroidism and anemia can each causespenific symptoms of ill health like
fatigue and both lead to decreased quality of Tifee combination of anemia and abnormal
thyroid function may therefore be accompanied bjoss morbidity and further effects on
quality of life.

The co-occurrence of anemia and hypothyroidisnotonly a challenging diagnostic
problem in allocating symptoms to one of the diesabut may also point to a causal
relationship between thyroid disease and anemidn@ged, relationships between thyroid
disease and anemia have already been documergggdanmental animal studies in the
distant past (5). For instance, hypophysectomizathmals were found to have decreased
red blood cell counts that corrected after admiaisin of thyroid hormones (6, 7).
Additionally, mice deficient in the thyroid hormoneceptor TR have been found to have
decreased hematocrit values (8).

However, human data regarding relationships betwlagoid disease and hematologic
anomalies are scarce. Researchers investigatiegftaltered erythropoiesis as a result of
thyroid dysfunction found red cell abnormalitieslanreduced proliferative potential of
hematopoietic progenitor cells in both patientdwhiypo- and hyperthyroidism, but the total
number of studied participants was low (9, 10).
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In addition, a higher prevalence of anemia wastitled in older male patients with
subclinical hypothyroidism(11) and in patients watical hypothyroidism (12), but
incidence estimates were not available due tonb&sesectional study design. Additionally, a
rise of thyroid hormone levels or a decrease ielewf TSH within the reference ranges was
associated with higher erythropoietic activity (b8} the low number of studied participants
precluded stratification by hyperthyroid subgroupsone population-based cohort both
hypothyroidism and hyperthyroidism was associatéd decreased hemoglobin in cross-
sectional analyses but not in longitudinal analy&d4s.

Clinical experimental evidence on the causal retebietween low thyroid function and
anemia is currently limited to a number of sma#leaeries, in which treatment of
hypothyroidism with levothyroxine resulted in argigcant increase in hemoglobin and
resolution of anemia (12, 15, 16). Alternativelggan line with the observational data, in a
cohort of hyperthyroid patients a high prevalencareemia was found, which returned to
normal following antithyroid therapy (17).

Despite the myriad of smaller studies hinting pbgential relationship between thyroid
dysfunction and anemia, methodologically sound gd@stimates drawn from large and
representative populations are missing. With tireenit study we sought to determine the
association between thyroid hormone status and i@nemross-sectional and longitudinal
analyses by performing an individual participantdaeta-analysis on data from 16
independent observational cohort studies partirigan the Thyroid Studies Collaboration.

M ethods

Study population

We performed an individual participant data metabgsis of cohorts participating in the
Thyroid Studies Collaboration. The cohorts are samred in table 1 and are described
elsewhere in detail (2, 18-20). For the currenjguiowe included the 16 cohorts in which
thyroid function tests and hemoglobin were measatdzhseline.

Anemia

Anemia was defined according to the World Healtiadwzation (WHO) criteria
(hemoglobin concentration <130 g/L in men and <@20in women) (21). In 14 cohorts, a
follow-up measurement of hemoglobin was available.

Thyroid function

TSH and free T4 concentrations were measured atibasn all cohorts. Cohort specific cut-
off values were applied for free T4 concentratihgpendix table 1). Participants with a
TSH level of 0.45 to 4.5 mIU/L were categorizeceaghyroid. Overt hypothyroidism was
defined as a TSH level above 4.5 mIU/L in combmrativith reduced free T4 concentration.
Subclinical hypothyroidism was defined as TSH leatebve 4.5 mIU/L in combination with

a normal free T4 concentration. A TSH level beladS0OmIU/L with normal free T4 levels
was defined as subclinical hyperthyroidism. Ovggdrthyroidism was defined as TSH level
below 0.45 mIU/L with an elevated free T4 concetidra(2).

Statistical analyses

We performed a two-stage individual participantdaeta-analysis to allow for consistent
definitions and analyses across the cohorts, isegeanalytical flexibility and decreased
complexity of the analyses (18, 22-25). In thetfatep, the cross-sectional and longitudinal
associations between thyroid hormone status anaiane each study cohort were estimated
separately from supplied original study dataseth data on the participant level. In the
second step all effect estimates found in stepre weoled using random-effects models
(DerSimonian and Laird) with inverse variance wéiui
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For the cross-sectional association between thyroithone status and anemia at
baseline, logistic regression models were congtdud®rospectively, we investigated the risk
of developing anemia during follow-up using Coxresggion models; participants with pre-
existing anemia were excluded. The analyses wesedban the thyroid function category at
baseline. If a new case of anemia was identiftadas assumed that the anemia had
developed halfway through the follow-up period.

Thyroid status was included as a categorical viiédvert hypothyroidism, subclinical
hypothyroidism, subclinical hyperthyroidism, ovlagiperthyroidism), with euthyroidism as
the reference group. All models were adjusted ¢er @and sex. A p value for trend was
obtained for both overt and subclinical hypothyrart hyperthyroid categories. Subgroup
analyses, including calculations of a p value hberiaction, were performed separately for
sex, age groups and ethnicity.

In sensitivity analyses, we excluded all particigamho used antithyroid medication or
thyroid hormone replacement therapy at baselirguang follow-up. We also compared
mean hemoglobin levels at baseline between thytailis groups and differences in mean
annual change in hemoglobin levels during followbgtween thyroid status groups using
linear regression models. Additionally we excluddigarticipants with a high level of C-
reactive protein (CRP, >20 mg/L) as a proxy foroche inflammatory disease.

Data analyses were performed using IBM SPSS Seatigersion 23 and Review
Manager 5.3 from The Cochrane Collaboration.

Results

For this study, individual participant data of 3&/2articipants from 16 different cohorts
participating in the Thyroid Studies Collaboratiware available. At baseline, thyroid
function (TSH and fT4) and hemoglobin measuremest® available from 42 162
participants, of whom 459 (1.1%) had overt hypatigism, 2930 (6.9%) had subclinical
hypothyroidism, 36 081 (85.6%) were euthyroid, 2886%) had subclinical
hyperthyroidism, and 306 (0.7%) had overt hypedfdism.

Baseline characteristics of the cohorts are predgantTable 1. The overall median age of
each cohort ranged from 46 to 85 years and theathyercentage of women was 51.0%.
More detailed information about the study partiaigas presented in Appendix Tables 2 and
3. The participants excluded because their thyftmidtion or hemoglobin measurement were
not available had a median ages ranging from 48lfahe percentage of women was 51.5%.

Cross-sectional analyses

At baseline 4274 (10.1%) participants had anenba®% in the overt hypothyroid group
11.6% in the subclinical hypothyroid group, 9.7%he euthyroid group, 13.6% in the
subclinical hyperthyroid group and 11.1% in therovsperthyroid group. Participants with
subclinical or overt hypothyroidism and subclinicalovert hyperthyroidism had increased
odds of having anemia compared to euthyroid padrtis (Table 2 and Figure 1). The pooled
odds ratio for the overt hypothyroid group was 18P0 Cl: 1.35-2.50], 1.21 [1.02-1.43] for
the group with subclinical hypothyroidism, 1.27(03-1.57] for those with subclinical
hyperthyroidism and 1.69 [1.00-2.87] for thoseha bvert hyperthyroid group. We observed
statistically significant trends from euthyroidigmhypothyroidism (i.e. from subclinical
hypothyroidism to overt hypothyroidism, p=0.01)ddrom euthyroidism to hyperthyroidism
(i.e. from subclinical hyperthyroidism to overt lgyghyroidism, p=0.04). When the analyses
were stratified by sex, we observed no statisyicgitinificant differences (all p values for
interaction>0.05) between men and women, Tabldsb,Ao statistically significant
differences were observed between different agegoaies or between white, black or Asian
participants.
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Longitudinal analyses

In the longitudinal analyses 25 466 participantsrfrl4 cohorts were included with a median
follow-up time of 5.7 years (IQR 3.0-9.5). 2423 tgapants developed anemia during follow-
up (14.9 per 1000 person years), 12.2% in the ¢wgrdvthyroid group, 12.0% in the
subclinical hypothyroid group, 9.2% in the euthgrgroup, 10.7% in the subclinical
hyperthyroid group and 8.7% in the overt hypertiygroup (Table 3 and Figure 2). The
pooled hazard ratios for the risk of developingraiewere 1.38 [95% CI: 0.86-2.20] for the
overt hypothyroid group, 1.18 [1.00-1.38] for thegp with subclinical hypothyroidism,

1.15 [0.94-1.42] for the group with subclinical leythyroidism and 1.47 [0.91-2.38] in the
overt hyperthyroid group. We observed a statidficgignificant trend from euthyroidism to
hypothyroidism (p=0.02). No statistically signifidarend was observed for euthyroidism to
hyperthyroidism (p=0.20). When the participantsevgtratified by sex, age or ethnicity,
these findings remained unchanged. Associations ware pronounced in those studies
with a median follow-up> 5 years (Appendix table 4).

Additional analyses
Cross-sectionally, hemoglobin levels (as a contisuaariable) were lower (mean difference
between -0.06 and -0.19 g/dL) in all groups comghaoeparticipants with euthyroidism
(Appendix table 5). Prospectively, no differenaesnean annual change in hemoglobin
levels were observed between the thyroid hormatesgroups (Appendix table 6). Similar
results were observed when analyses were stratifiesex. In addition, sensitivity analyses
excluding participants who used thyroid hormone icegtbn or with high levels of CRP,
yielded higher odds ratios in line with the unneséd results but with wider confidence
intervals (Appendix Table 7 and 8).

For all main analyses$ statistics remained below 40% (Appendix Table @ &®) and, in
combination with size and direction of effectsfistacal heterogeneity was deemed low to
negligible (26).

Discussion

In this individual participant data meta-analysve, observed a cross-sectional relation
between thyroid function and anemia; higher oddsngmia were observed in both
participants with overt and subclinical hypothyiieid as well as overt and subclinical
hyperthyroidism. In addition, reduced thyroid fuoatat baseline showed a trend of
increased risk of developing anemia during follgw-Tihe longitudinal association between
overt and subclinical hyperthyroidism and the v$kleveloping anemia did not reach
statistical significance. Prospectively, no diffezes in mean annual change in hemoglobin
levels were observed between the thyroid hormaatesgroups.

The findings in the current individual participatata meta-analysis build on findings
from earlier studies where thyroid dysfunction @asociated with abnormal red blood cell
indices (11-13). In this study thyroid dysfunctievhether overt or subclinical hypo- and
hypothyroidism, was associated with slightly losemoglobin levels. Given the small
difference in hemoglobin levels between thyroiddiion groups, the contribution of thyroid
dysfunction on low hemoglobin levels or anemia rhaysmall. It remains to be assessed in a
randomized controlled trial whether treatment ab(dinical) hypothyroidism is effective in
reducing anemia to further decide whether the figgiare thought to be clinically relevant
and whether these should influence practice andips! Christ-Crain and colleagues showed
that erythropoietin levels increased after thyrax@atment in patients with subclinical
hypothyroidism (27). In addition, a number of saglhave also shown a beneficial effect of
thyroid hormone treatment in patients with hypotiigism on erythropoietin levels (12, 15,
16).
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There are numerous types of anemia that can beff@aisaccording to whether the
anemia is primarily the result of blood loss, digiin the production of healthy erythrocytes
or by reduced erythrocyte survival. Currently itrsclear what mechanisms exactly allow
thyroid function and erythropoiesis to be linkedhaghysiologically, and how both ends of
the thyroid disease spectrum might lead to an ametate. However, for subclinical and
overt hyperthyroidism several pathways have beepgsed. Hyperthyroidism might be
associated with anemia via reduced erythrocyteigirdue to altered iron metabolism and
utilization, enhanced oxidative stress and incred&semolysis (28, 29). Thyroid hormones
stimulate energy metabolism, resulting in an enbdmequirement of oxygen delivery to the
tissues speeding up destructive processes.

For subclinical and overt hypothyroidism theredswamulating evidence that indicates
low thyroid function may be causally related tomevia deficits in the production of
healthy erythrocytes, although the underlying madras by which thyroid hormones and
TSH may lead to anemia are not fully understood. (BAiodothyronine (T3), thyroxine (T4)
and thyroid stimulating hormone (TSH), may playir@ct role in erythropoiesis (31). For
instance, both T3 and T4 are involved in the raguiaof hematopoiesis by influencing
erythroid precursor proliferative capacity (32).aadition, a direcp2-adrenergic receptor-
mediated stimulation of red cell precursors by @4 heen shown (33). T4 has also been
found to stimulate the initiation and completiorh@moglobin protein chains in vitro , and to
enhance red blood cell formation (5). Thyroid hon@® were also shown to promote
erythropoiesis by increasing the production of lemypoietin by the kidneys (34).
Furthermore, there is evidence that thyroid horrsaféect iron transport and utilisation.
TSH could affect hematopoiesis by binding to a fiomal thyrotropin receptor (TSHR),
which can be found in erythrocytes and some extraitial tissues (10). Another explanation
for the co-occurrence of low thyroid function amemia is that there are common causes for
abnormal thyroid status and anemia. Chronic (infleatory) diseases, malnutrition and
malabsorption may all result in reduced thyroidustaas an adaptive response to energetic
deficits. In addition, malnutrition and malabsogptimay cause deficiencies of micronutrients
that are crucial for erythropoiesis, like ironaritin B12 and folate, as well as iodine
deficiency which is crucial for normal thyroid furan. Interestingly, iron deficiency, which
is the most common cause of anemia, was also fauddcrease the activity of TPO, an iron-
containing enzyme involved in the synthesis of dtiyihormones (35).

Strengths of the current individual participantadateta-analysis are the inclusion of
individual participant data of large cohort studiesn across the globe. The availability of
individual participant data allowed us to chooseiclly relevant categories of thyroid
function and anemia, to standardize these defirgtiand to perform several standardized
subgroup analyses.

An individual participant data meta-analysis of is#signed observational studies can
be considered an important tool in assessing dausalhen studying causality, the nine
considerations of Austin Bradford Hill in 1965 da@ used as a checklist (36). In our study,
many of these considerations are met. Althoughntieidual study cohorts and individual
subgroups may have been small, we had sufficiewepto study the associations in this
pooled analysis because of the increased combaragls size. Since multiple studies were
included, we could also study consistency in tiselte of the different cohorts (e.g. effect
estimates all pointing in the same direction);ltve level of heterogeneity also aids in
considering a causal relation. In addition, theilabdity of the individual participant data
allowed us to define identical subgroups for edaalysin a biological gradient, from overt
hypothyroidism to overt hyperthyroidism. The avhildy of prospective observational data
is also in compliance with the fourth consideratdtiemporality; in 14 studies a baseline
measurement of the determinant (thyroid functior gaseline and) follow-up
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measurements of the outcome of interest (hemogletene available. Therefore, our pooled
analysis of observational studies satisfies mdtglteria of Bradford Hill. However, it
remains to be assessed in a well-designed randdroaz@rolled trial with a considerable
number of participants with (subclinical) hypothigiem, if treatment is effective in reducing
anemia. Further analysis of the data from two weligned RCT’s for subclinical
hypothyroidism in older persons (TRUST & IEMO Thigdrial (37, 38)) could be a first
attempt at uncovering the clinical relevance ofoény influences on hemoglobin levels.

Some limitations of this study have to be acknogéstias well. First, a limitation of this
pooled analysis is that TSH and free T4 were orgasnired once at baseline. Because
subclinical hypothyroidism has been shown to noireah one third of cases (39), in
guidelines it is often recommended that measuresraithese parameters are repeated.
Unfortunately, repeated TSH and free T4 measuresneate not available in many cohorts.
Erroneously classifying euthyroid patients on thsib of one measurement may have led to
an underestimation of the associations found. Skdbe statistical power was more limited
in the longitudinal models than in the baselinessrsectional analysis. The association
between overt and subclinical hyperthyroidism dredrisk of developing anemia did not
reach statistical significance, but the resulttheflongitudinal analyses followed a similar
pattern. Third, we did not apply age-adjustedrezfee ranges as per current consensus and
usual practice. However, evidence in favour of sgeeific TSH reference ranges is starting
to accumulate (40), so too is evidence to the eonid1-43). This is an important topic of
future research. Fourth, we performed sensitivitglgses excluding participants with high
CRP levels as a proxy for chronic diseases thahinigedispose to anemia, but this only
excluded diseases associated with inflammatioriideéarly in the group of participants with
subclinical hypothyroidism the possibility of theepence of non-thyroidal illness cannot be
fully excluded. As a result, possible residual esrcaused by residual bias and confounding
may have deflated the results. Unfortunately infaiion on additional potential confounding
factors, like thyroid medication dose titrationther diseases relating to anemia (cancer,
chronic kidney disease, leukemia, gastric ulcethritis or COPD), menopausal state, non-
thyroidal illness, concomitant medications and ioorvitamin supplements, was not available
for most cohorts.

In conclusion, we observed higher odds of anemizoth participants with hypothyroid
function and hyperthyroid function. In additiondueed thyroid function at baseline showed
a trend of increased risk of developing anemiardgufollow-up. It remains to be assessed in
a randomized controlled trial whether treatmentsabclinical) hypothyroidism is effective
in reducing anemia.
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Health study Busselton, 90) (49.7) (14.0-
Western 14.0)
- Australia
ill Cardiovascular| Community- 3106/2314 71 (64- | 1864 0 259 321 3.0 (3.0- | 12552
Health study dwelling adults 100) (60.0) (8.3) (10.3) 3.0)
%i with Medicare
A eligibility in 4
08 us
Qo
Z
L
12

ed from https://acadeni c. oup. comlj cenl advance-articl e-abstract/doi/10.1210/j c.2018- 00481/ 5063492
si taetshibliothek Bern user
just 2018




ENDOCRINOLOGY & METABOLISM

-
<
o
P
—
9
w
o
-
<
=z
T
=}
o
el
w
=
=

JCEM

ADVANCE ARTICLE

ENDOCRINE B

SOCIETY

The Journal of Clinical Endocrinology & Metabolis@ppyright 2018

DOI: 10.1210/jc.2018-00481

communities.

EPIC-Norfolk
study

Adults aged 45-
79 years living
in Norfolk,
England

13 1/27

59 (40-
78)

7276
(54.8)

NA

1090
(8.2)

299
(3.8)

43 (3.4-
12.3)

57604

Health, Aging,
and Body
Composition
study

Community
dwelling adults
aged 70-79
years with
Medicare
eligibility in 2
us
communities

2531/1236

74 (70-
81)

1305
(51.6)

253 (10.0)

384
(15.2)

195
7.7)

75 (7.5
7.5)

8543

InChianti study

Community
dwelling from
two small
towns in
Tuscany, Italy.
Invecchiare in
Chianti, “Aging
in the Chianti
Area”
(INCHIANTI)
study.

1200/944

72 (21-
103)

675
(56.3)

30 (2.5)

120
(10.0)

177
(14.8)

9.0 (6.0-
9.2)

6958

Longitudinal
Aging Study
Amsterdam
(LASA)(20)

Random
sample of older
men and
women (aged
55-85) in
Amsterdam,
Zwolle, and
Oss, the
Netherlands.

766/329

68 (55-
85)

393
(51.3)

14 (1.8)

43 (5.6)

28 (3.7

3.0 (3.0}

3.1)

974

Leiden 85-plus
Study

All adults aged
85 years living
in Leiden, the
Netherlands.

555/397

85 (NA)

368
(66.3)

20 (3.6)

158
(28.5)

98
17.7)

3.0 (0.5
5.0)

1324

Nagasaki
Adult Health
study

Atomic bomb
survivors in
Nagasaki,
Japan.

965/753

57 (38-
92)

578
(59.9)

11 (1.1)

179
(18.5)

196
(20.3)

11.9
(7.4-
12.0)

7196

Pisa cohort

Patients
admitted to
cardiology
department in
Pisa, Italy.

2259/NA

68 (14-
96)

785
(34.7)

NA

490
(21.7)

NA

NA

NA

PREVEND
study

Inhabitants,
aged 28-75
years, of the
city of
Groningen, The
Netherlands.

934/779

60 (35-
82)

397
(42.5)

NA

106
(11.3)

82 (8.8)

5.7 (5.7-
5.7)

8247

PROSPER
study

Older
community
dwelling adults
at high
cardiovascular
risk in the
Netherlands,
Ireland, and
Scotland.

5769/5138

75 (69-
83)

2983
(51.7)

256 (4.4)

402
(7.0)

203
(3.5)

0.25
(0.25-
0.25)

1261

Rotterdam
Study

All inhabitants
of the suburb
Ommoord in
Rotterdam, the
Netherlands,
aged 55 years
and over.

1835/1322

69 (55-
93)

1135
(61.9)

45 (2.5)

109
(5.9)

214
(11.7)

111
(6.6-
17.4)

14066

SHIP(44)

Adults living in
Western
Pomerania,
Germany.

4214/2882

50 (20-
81)

2139
(50.8)

263 (6.2)

589
(14.0)

274
(6.5)

10.0
(5.0-
11.0)

25900

Whickham
Survey

Adults living in
and near

1807/NA

46 (18-
93)

971

(53.7)

73 (4.0)

94 (5.2)

NA

NA

NA
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Abbreviations: IQR, interquartile range (25" percentiles); NA, data not available.

Table 2. The risk of having anemia at baseline @itog to thyroid hormone status (N=42
162 from 16 cohorts).

Overt Subclinical Euthyroidism | Subclinical Overt N overt hypo/subcl
hypothyroidism | hypothyroidism hyperthyroidism | hyperthyroidism | hypo/subcl hyper/overt
hyper

Pooled
OR?
(95%
Cl)
All” 1.84 (1.35-2.50) | 1.21 (1.02-1.43) | 1 (ref) 1.27 (1.03-1.57) | 1.69 (1.00-2.87) | 459/2930/36081/2386/30%
Sex

Male | 2.45(1.45-4.12)| 1.27 (1.03-1.57] 1 (ref) 1.19%01.49) 1.59 (0.80-3.14) 122/1029/17546/1055/102
Female| 1.79 (1.30-2.47)| 1.23(0.99-1.52] 1 (ref) 1.42(11.81) 1.78 (0.99-3.21) 337/1901/18535/1331/204
Age

<50 | 2.25(1.10-4.60)| 1.15(0.77-1.74 1 (ref) 1.27 802721) 3.53(0.26-48.39]  48/452/6763/599/27
years

50-65 [ 5.53 (0.93- 1.44 (0.94-2.21)| 1 (ref) 1.88(1.09-3.24 4.71%117.78) | 132/677/9719/670/63
years | 33.03)

65-80 | 2.02 (1.02-3.99)| 1.40(1.10-1.78 1 (ref) 1.21%01873) 1.49 (0.89-2.51) 215/1711/16814/949/146
years

>80 | 1.91(1.01-3.62)| 1.03(0.68-1.54 1 (ref) 1.49 962923) 2.66 (0.35-20.26] 65/234/2646/168/27
years
Ethnicity

White | 1.97 (1.37-2.82)| 1.29 (1.11-1.51 1 (ref) 1.3@411.63) 1.56 (1.03-2.34) 431/2687/34154/2339/303
Black [ 0.96 (0.20-4.58)| 1.51 (0.74-3.05 1 (ref) 0.78101.89) - 12/98/1013/35/2

Asiarf | 2.01 (0.63-6.39)| 0.87 (0.54-1.39 1 (ref) 0.82 (06183) - 13/143/828/8/1

Othef | - - 1 (ref) - - 0/0/22/1/0

P for trend; overt hyperthryroidism to euthyroidigm0.01; euthyroidism to overt hyperthyroidism [@B3D.

" P value for interaction (p<0.05)
®Results were obtained by logistic regression aiglgsljusted for age (if applicable) and sex
®Only data from CHS, HABC and PREVEND
‘Only data from LASA, Nagasaki, PREVEND and Rottenda

Only data from LASA, PREVEND and Rotterdam

°Reference group is <50 years
'Reference group is White

Table 3. The risk of developing anemia during feHlop according to thyroid hormone status
at baseline (N = 25 466 from 14 cohorts).

Overt Subclinical Euthyroidism | Subclinical Overt N overt hypo/subcl
hypothyroidism | hypothyroidism hyperthyroidism | hyperthyroidism | hypo/subcl hyper/ overt
hyper

Pooled
HR?
(95%
Cl)
All" 1.38 (0.86-2.20)| 1.18 (1.00-1.38) | 1 (ref) 1.15 (0.94-1.42) | 1.47 (0.91-2.38) | 270/1678/21965/1358/19%
Sex

Male | 2.14 (0.79-5.79)| 1.05 (0.83-1.34] 1 (ref) 1.4Dp92.18) 0.83 (0.26-2.61) 62/577/10450/584/63
Female| 1.19 (0.75-1.88)| 1.37 (1.05-1.80) 1 (ref) 1.23%91.57) 2.27 (1.30-3.93) 207/1096/11487/773/13
Age

<50 | 17.81 (4.06- 1.48 (0.78-2.83)| 1 (ref) 1.09 (0.68-1.73 - 16/B857/343/21
years | 78.24)

50-65 | 1.58 (0.14- 1.14(0.82-1.58)| 1 (ref) 1.02 (0.70-1.50 2.97 @15.64) | 85/384/5872/414/32
years | 18.00)

65-80 | 1.39 (0.81-2.37)| 1.20 (0.96-1.51) | 1 (ref) 1.14 (0.83-1.57 1.51 %02869) 130/1069/10737/521/124
years

>80 | 1.48 (0.55-4.03)| 1.30 (0.80-2.10) | 1 (ref) 1.57 (0.98-2.50 3.599026.06) | 39/119/1499/80/18
years
Ethnicity

Whitd | 1.38(0.75-2.54)| 1.21 (1.00-1.45) 1 (ref) 1.16 801944) 1.52 (0.93-2.50) 257/1527/20849/1336/1
BlacK | 2.80 (0.38- 1.30 (0.59-2.83 1 (ref) 1.57 (0.57-3.3¢4 - 5/41/415/16/1
14
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20.76)
Asiarf | 1.68 (0.53-5.29)| 1.03(0.70-1.51) 1 (ref) - - 6//B34/6/1
Other | - - 1 (ref) - - 0/0/12/0/0

“P for trend; overt hyperthryroidism to euthyroidigm0.02; euthyroidism to overt hyperthyroidism 2.

" P value for interaction (p<0.05)

®Results were obtained by cox regression analydjasted for age (if applicable) and sex

®Only data from CHS, HABC and PREVEND

‘Only data from LASA, Nagasaki, PREVEND and Rottenda

dOnly data from LASA, PREVEND and Rotterdam

*Reference group is <50 years

'Reference group is White
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