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ABSTRACT

Context

Anaemia and thyroid dysfunction often co-occur, and both increase with age. Human data on
relationships between thyroid disease and anaemia are scarce.

Objective

To investigate the cross-sectional and longitudinal associations between clinical thyroid
status and anaemia.

Design

Individual participant data meta-analysis.

Setting
Sixteen cohorts participating in the Thyroid Studies Collaboration (N = 42,162).

Main Outcome Measures

Primary outcome measure was anaemia (haemoglobin < 130 g/L in men and < 120 g/L in

women).

Results

Cross-sectionally, participants with abnormal thyroid status had an increased risk of having
anaemia compared with euthyroid participants [overt hypothyroidism, pooled OR 1.84 (95%
Cl 1.35 to 2.50), subclinical hypothyroidism 1.21 (1.02 to 1.43), subclinical hyperthyroid-
ism 1.27 (1.03 to 1.57), and overt hyperthyroidism 1.69 (1.00 to 2.87)]. Haemoglobin levels
were lower in all groups compared with participants with euthyroidism. In the longitudinal
analyses (N = 25,466 from 14 cohorts), the pooled hazard ratio for the risk of development
of anaemia was 1.38 (95% Cl 0.86 to 2.20) for overt hypothyroidism, 1.18 (1.00 to 1.38) for
subclinical hypothyroidism, 1.15 (0.94 to 1.42) for subclinical hyperthyroidism, and 1.47 (0.91
to 2.38) for overt hyperthyroidism. Sensitivity analyses excluding thyroid medication or high
levels of C-reactive protein yielded similar results. No differences in mean annual change in
haemoglobin levels were observed between the thyroid hormone status groups.

Conclusion

Higher odds of having anaemia were observed in participants with both hypothyroid func-
tion and hyperthyroid function. In addition, reduced thyroid function at baseline showed a
trend of increased risk of developing anaemia during follow-up. It remains to be assessed in a
randomised controlled trial whether treatment is effective in reducing anaemia.
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INTRODUCTION

Thyroid diseases and anaemia are common disorders, and their prevalence increases with
age.[1-4] Hypothyroidism and anaemia can each cause nonspecific symptoms of ill health
like fatigue, and both lead to decreased quality of life. The combination of anaemia and
abnormal thyroid function may therefore be accompanied by serious morbidity and further

effects on quality of life.

The co-occurrence of anaemia and hypothyroidism is not only a challenging diagnostic prob-
lemin allocating symptoms to one of the diseases, but may also point to a causal relationship
between thyroid disease and anaemia.[5] Indeed, relationships between thyroid disease and
anaemia have already been documented in experimental animal studies in the distant past.
[5] For instance, hypophysectomised mammals were found to have decreased red blood cell
counts that corrected after administration of thyroid hormones.[6,7] Additionally, mice defi-
cient in the thyroid hormone receptor TRa have been found to have decreased haematocrit

values.[8]

However, human data regarding relationships between thyroid disease and hematologic
anomalies are scarce. Researchers investigating potential altered erythropoiesis as a result
of thyroid dysfunction found red cell abnormalities and a reduced proliferative potential of
hematopoietic progenitor cells in both patients with hypothyroidism and hyperthyroidism,
but the total number of studied participants was low.[9,10]

In addition, a higher prevalence of anaemia was identified in older male patients with sub-
clinical hypothyroidism [11] and in patients with clinical hypothyroidism [12], but incidence
estimates were not available due to the cross-sectional study design. Additionally, a rise of
thyroid hormone levels or a decrease in levels of TSH within the reference ranges was as-
sociated with higher erythropoietic activity,[13] but the low number of studied participants
precluded stratification by hyperthyroid subgroups. In one population-based cohort, both
hypothyroidism and hyperthyroidism were associated with decreased haemoglobin in cross-

sectional analyses but not in longitudinal analyses.[14]

Clinical experimental evidence on the causal relation between low thyroid function and
anaemia is currently limited to a number of small case series in which treatment of hypothy-
roidism with levothyroxine resulted in a considerable increase in haemoglobin and resolu-
tion of anaemia.[12,15,16] Alternatively, and in line with the observational data, in a cohort
of patients with hyperthyroidism, a high prevalence of anaemia was found, which returned
to normal following antithyroid therapy.[17]
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Despite the myriad of smaller studies hinting at a potential relationship between thyroid
dysfunction and anaemia, methodologically sound pooled estimates drawn from large and
representative populations are missing. In the current study, we sought to determine the
association between thyroid hormone status and anaemia in cross-sectional and longitu-
dinal analyses by performing an individual participant data meta-analysis on data from 16
independent observational cohort studies participating in the Thyroid Studies Collaboration.

METHODS

Study population

We performed an individual participant data meta-analysis of cohorts participating in the
Thyroid Studies Collaboration. The cohorts are summarised in Table 1 and described else-
where in detail.[4,18-21] For the current project, we included the 16 cohorts in which thyroid

function tests and haemoglobin were measured at baseline.

Anaemia
Anaemia was defined according to the World Health Organization criteria (haemoglobin
concentration < 130 g/L in men and < 120 g/L in women).[22] In 14 cohorts, a follow-up

measurement of haemoglobin was available.

Thyroid function

TSH and free T4 concentrations were measured at baseline in all cohorts. Cohort-specific
cut-off values were applied for free T4 concentrations (Supplemental Table 1). Participants
with a TSH level of 0.45 to 4.5 mIU/L were categorised as euthyroid. Overt hypothyroidism
was defined as a TSH level > 4.5 mIU/L in combination with reduced free T4 concentration.
Subclinical hypothyroidism was defined as a TSH level > 4.5 mIU/L in combination with a nor-
mal free T4 concentration. ATSH level < 0.45 mIU/L with normal free T4 levels was defined as
subclinical hyperthyroidism. Overt hyperthyroidism was defined as a TSH level < 0.45 mIU/L
with an elevated free T4 concentration.[4]

Statistical analyses

We performed a two-stage individual participant data meta-analysis to allow for consistent
definitions and analyses across the cohorts, increased analytical flexibility, and decreased
complexity of the analyses.[18,23-26] In the first step, the cross-sectional and longitudinal
associations between thyroid hormone status and anaemia in each study cohort were es-
timated separately from supplied original study datasets with data on the participant level.
In the second step, all effect estimates found in step one were pooled using random-effects

models (DerSimonian and Laird) with inverse variance weighting.
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For the cross-sectional association between thyroid hormone status and anaemia at base-
line, logistic regression models were constructed. Prospectively, we investigated the risk of
developing anaemia during follow-up using Cox regression models; participants with pre-
existing anaemia were excluded. The analyses were based on the thyroid function category
at baseline. If a new case of anaemia was identified, it was assumed that the anaemia had
developed halfway through the follow-up period.

Thyroid status was included as a categorical variable (overt hypothyroidism, subclinical
hypothyroidism, subclinical hyperthyroidism, and overt hyperthyroidism), with euthyroidism
as the reference group. All models were adjusted for age and sex. A p value for trend was
obtained for both overt and subclinical hypothyroid and hyperthyroid categories. Subgroup
analyses, including calculations of a p value for interaction, were performed separately for

sex, age groups, and ethnicity.

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

Data analyses were performed using IBM SPSS Statistics Version 23 and Review Manager 5.3
from the Cochrane Collaboration.

RESULTS

For this study, individual participant data of 56,297 participants from 16 different cohorts par-
ticipating in the Thyroid Studies Collaboration were available. At baseline, thyroid function
(TSH and free T4) and haemoglobin measurements were available from 42,162 participants,
of whom 459 (1.1%) had overt hypothyroidism, 2,930 (6.9%) had subclinical hypothyroidism,
36,081 (85.6%) were euthyroid, 2,386 (5.7%) had subclinical hyperthyroidism, and 306 (0.7%)
had overt hyperthyroidism.

Baseline characteristics of the cohorts are presented in Table 1. The overall median age of
each cohort ranged from 46 to 85 years, and the overall percentage of women was 51.0%.
More detailed information about the study participants is presented in Supplemental Tables
2 and 3. The participants excluded because their thyroid function or haemoglobin measure-
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ment were not available had a median age ranging from 45 to 84 years; the percentage of

women was 51.5%.

Cross-sectional analyses

At baseline, 4,274 (10.1%) participants had anaemia: 15.9% in the overt hypothyroid group,
11.6% in the subclinical hypothyroid group, 9.7% in the euthyroid group, 13.6% in the sub-
clinical hyperthyroid group, and 11.1% in the overt hyperthyroid group. Participants with
subclinical or overt hypothyroidism and subclinical or overt hyperthyroidism had increased
odds of having anaemia compared with participants with euthyroidism (Table 2; Figure 1).
The pooled OR for the overt hypothyroid group was 1.84 (95% Cl 1.35 to 2.50), 1.21 (1.02 to
1.43) for the group with subclinical hypothyroidism, 1.27 (1.03 to 1.57) for those with sub-
clinical hyperthyroidism, and 1.69 (1.00 to 2.87) for those in the overt hyperthyroid group.
We observed statistically significant trends from euthyroidism to hypothyroidism (i.e., from
subclinical hypothyroidism to overt hypothyroidism; p = 0.01) and from euthyroidism to
hyperthyroidism (i.e., from subclinical hyperthyroidism to overt hyperthyroidism; p = 0.04).
When the analyses were stratified by sex, we observed no statistically significant differences
(all p values for interaction > 0.05) between men and women (Table 2). Also, no statisti-
cally noteworthy differences were observed among different age categories or among white,
black, or Asian participants.
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Figure 1. The pooled ORs of the risk of having anaemia at baseline with the 95% Cl and p value for trend.
Logistic regression models corrected for age and sex; reference group is euthyroidism.
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Longitudinal analyses

In the longitudinal analyses, 25,466 participants from 14 cohorts were included, with a
median follow-up time of 5.7 years (interquartile range 3.0 to 9.5). A total of 2,423 partici-
pants developed anaemia during follow-up (14.9 per 1,000 person-years): 12.2% in the overt
hypothyroid group, 12.0% in the subclinical hypothyroid group, 9.2% in the euthyroid group,
10.7% in the subclinical hyperthyroid group, and 8.7% in the overt hyperthyroid group (Table
3; Figure 2). The pooled hazard ratios for the risk of developing anaemia were 1.38 (95% ClI
0.86 to 2.20) for the overt hypothyroid group, 1.18 (1.00 to 1.38) for the group with subclini-
cal hypothyroidism, 1.15 (0.94 to 1.42) for the group with subclinical hyperthyroidism, and
1.47 (0.91 to 2.38) in the overt hyperthyroid group. We observed a statistically significant
trend from euthyroidism to hypothyroidism (p = 0.02). No statistically significant trend was
observed for euthyroidism to hyperthyroidism (p = 0.20). When the participants were strati-
fied by sex, age, or ethnicity, these findings remained unchanged. Associations were more
pronounced in those studies with a median follow-up > 5 years (Supplemental Table 4).
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Figure 2. The pooled hazard ratios of developing anaemia during follow-up in the thyroid function groups
with the 95% Cl and p value for trend. Logistic regression models corrected for age and sex; reference group
is euthyroidism.
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Additional analyses

Cross-sectionally, haemoglobin levels (as a continuous variable) were lower (mean difference
between —0.06 and —0.19 g/dL) in all groups compared with participants with euthyroidism
(Supplemental Table 5). Prospectively, no differences in mean annual change in haemoglobin
levels were observed among the thyroid hormone status groups (Supplemental Table 6).
Similar results were observed when analyses were stratified on sex. In addition, sensitivity
analyses excluding participants who used thyroid hormone medication or with high levels of
CRP yielded higher ORs in line with the unrestricted results but with wider Cls (Supplemental
Tables 7 and 8).

For all main analyses, I statistics remained < 40% (Supplemental Tables 9 and 10), and, in
combination with size and direction of effects, statistical heterogeneity was deemed low to
negligible.[27]

DISCUSSION

In this individual participant data meta-analysis, we observed a cross-sectional relation be-
tween thyroid function and anaemia; higher odds of anaemia were observed in participants
with both overt and subclinical hypothyroidism as well as overt and subclinical hyperthy-
roidism. In addition, reduced thyroid function at baseline showed a trend of increased risk
of developing anaemia during follow-up. The longitudinal association between overt and
subclinical hyperthyroidism and the risk of developing anaemia did not reach statistical sig-
nificance. Prospectively, no differences in mean annual change in haemoglobin levels were
observed among the thyroid hormone status groups.

The findings in the current individual participant data meta-analysis build on findings from
earlier studies in which thyroid dysfunction was associated with abnormal red blood cell
indices.[11-13] In this study, thyroid dysfunction, whether overt or subclinical hypothyroid-
ism and hypothyroidism, was associated with slightly lower haemoglobin levels. Given the
small difference in haemoglobin levels among thyroid function groups, the contribution of
thyroid dysfunction on low haemoglobin levels or anaemia may be small. It remains to be
assessed in a randomised controlled trial whether treatment of (subclinical) hypothyroidism
is effective in reducing anaemia to further decide whether the findings are thought to be
clinically relevant and whether these should influence practice and policies. Christ-Crain et
al. [28] showed that erythropoietin levels increased after thyroxin treatment in patients with
subclinical hypothyroidism. In addition, a number of studies have also shown a beneficial ef-
fect of thyroid hormone treatment in patients with hypothyroidism on erythropoietin levels.
[12,15,16]
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There are numerous types of anaemia that can be classified according to whether the anae-
mia is primarily the result of blood loss, deficits in the production of healthy erythrocytes,
or by reduced erythrocyte survival. Currently, it is unclear what mechanisms exactly allow
thyroid function and erythropoiesis to be linked pathophysiologically and how both ends of
the thyroid disease spectrum might lead to an anaemic state. However, for subclinical and
overt hyperthyroidism, several pathways have been proposed. Hyperthyroidism might be
associated with anaemia via reduced erythrocyte survival due to altered iron metabolism and
utilization, enhanced oxidative stress, and increased haemolysis.[29,30] Thyroid hormones
stimulate energy metabolism, resulting in an enhanced requirement of oxygen delivery to

the tissues speeding up destructive processes.

For subclinical and overt hypothyroidism, there is accumulating evidence that indicates low
thyroid function may be causally related to anaemia via deficits in the production of healthy
erythrocytes, although the underlying mechanisms by which thyroid hormones and TSH may
lead to anaemia are not fully understood.[31] T3, T4, and TSH may play a direct role in erythro-
poiesis.[32] For instance, both T3 and T4 are involved in the regulation of haematopoiesis by
influencing erythroid precursor proliferative capacity.[33] In addition, a direct f2-adrenergic
receptor-mediated stimulation of red cell precursors by T4 has been shown.[34] T4 has also
been found to stimulate the initiation and completion of haemoglobin protein chains in vitro
and to enhance red blood cell formation.[5] Thyroid hormones were also shown to promote
erythropoiesis by increasing the production of erythropoietin by the kidneys.[35] Further-
more, there is evidence that thyroid hormones affect iron transport and utilization. TSH
could affect haematopoiesis by binding to a functional TSH receptor, which can be found in
erythrocytes and some extrathyroidal tissues.[10] Another explanation for the co-occurrence
of low thyroid function and anaemia is that there are common causes for abnormal thyroid
status and anaemia. Chronic (inflammatory) diseases, malnutrition, and malabsorption may
all result in reduced thyroid status as an adaptive response to energetic deficits. In addition,
malnutrition and malabsorption may cause deficiencies of micronutrients that are crucial for
erythropoiesis, like iron, vitamin B12, and folate, as well as iodine deficiency, which is crucial
for normal thyroid function. Interestingly, iron deficiency, which is the most common cause
of anaemia, was also found to decrease the activity of thyroid peroxidase, an iron-containing

enzyme involved in the synthesis of thyroid hormones.[36]

Strengths of the current individual participant data meta-analysis are the inclusion of in-
dividual participant data of large cohort studies from across the globe. The availability of
individual participant data allowed us to choose clinically relevant categories of thyroid func-
tion and anaemia, standardise these definitions, and perform several standardised subgroup

analyses.
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An individual participant data meta-analysis of well-designed observational studies can
be considered an important tool in assessing causality. When studying causality, the nine
considerations of Hill in 1965 [37] can be used as a checklist. In our study, many of these
considerations are met. Although the individual study cohorts and individual subgroups may
have been small, we had sufficient power to study the associations in this pooled analysis
because of the increased combined sample size. Because multiple studies were included,
we could also study consistency in the results of the different cohorts (e.g., effect estimates
all pointing in the same direction); the low level of heterogeneity also aids in considering a
causal relation. In addition, the availability of the individual participant data allowed us to
define identical subgroups for each study in a biological gradient, from overt hypothyroid-
ism to overt hyperthyroidism. The availability of prospective observational data are also in
compliance with the fourth consideration of temporality; in 14 studies, a baseline measure-
ment of the determinant (thyroid function) and (baseline and) follow-up measurements of
the outcome of interest (haemoglobin) were available. Therefore, our pooled analysis of
observational studies satisfies multiple criteria of Hill. However, it remains to be assessed in a
well-designed, randomised controlled trial with a considerable number of participants with
(subclinical) hypothyroidism if treatment is effective in reducing anaemia. Further analysis of
the data from two well-designed, randomised controlled trials for subclinical hypothyroidism
in older persons (TRUST and IEMO Thyroid Trial [38,39]) could be a first attempt at uncovering
the clinical relevance of thyroid influences on haemoglobin levels.

Some limitations of this study have to be acknowledged as well. First, a limitation of this
pooled analysis is that TSH and free T4 were only measured once at baseline. Because
subclinical hypothyroidism has been shown to normalise in one-third of cases,[40] in
guidelines, it is often recommended that measurements of these parameters are repeated.
Unfortunately, repeated TSH and free T4 measurements were not available in many cohorts.
Erroneously classifying patients with euthyroidism based on one measurement may have led
to an underestimation of the associations found. Second, the statistical power was more lim-
ited in the longitudinal models than in the baseline, cross-sectional analysis. The association
between overt and subclinical hyperthyroidism and the risk of developing anaemia did not
reach statistical significance, but the results of the longitudinal analyses followed a similar
pattern. Third, we did not apply age-adjusted reference ranges as per current consensus and
usual practice. However, evidence in favour of age-specific TSH reference ranges is starting
to accumulate;[41] so, too, is evidence to the contrary.[42-44] This is an important topic of
future research. Fourth, we performed sensitivity analyses excluding participants with high
CRP levels as a proxy for chronic diseases that might predispose to anaemia, but this only ex-
cluded diseases associated with inflammation. Particularly in the group of participants with
subclinical hypothyroidism, the possibility of the presence of nonthyroidal illness cannot be
fully excluded. As a result, possible residual errors caused by residual bias and confounding



The relation between thyroid function and anemia

may have deflated the results. Unfortunately, information on additional potential confound-
ing factors, like thyroid medication dose titrations, other diseases relating to anaemia (cancer,
chronic kidney disease, leukaemia, gastric ulcers, arthritis, or chronic obstructive pulmonary
disease), menopausal state, nonthyroidal iliness, concomitant medications, and iron or vita-

min supplements, was not available for most cohorts.

In conclusion, we observed higher odds of anaemia in both participants with hypothyroid
and hyperthyroid function. In addition, reduced thyroid function at baseline showed a trend
of increased risk of developing anaemia during follow-up. It remains to be assessed in a
randomised controlled trial whether treatment of (subclinical) hypothyroidism is effective in

reducing anaemia.
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Supplemental table 4. The risk of developing anaemia during follow-up according to thyroid hormone
status at baseline.

Overt Subclinical Subclinical Overt
hypothyroidism hypothyroidism Euthyroidism hyperthyroidism hyperthyroidism

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)
Median follow-up
< 5years® 0.95 (0.60-1.50) 1.06 (0.87-1.30) 1 (ref) 1.11(0.77-1.61) 1.43(0.74-2.77)
> 5 years® 2.22(1.11-4.43) 1.37(1.02-1.85) 1 (ref) 1.21(0.91-1.61) 1.51(0.75-3.05)

®  Results were obtained by cox regression analysis, adjusted for age (if applicable) and sex

®  Cohorts: Bari study, BELFRAIL, Cardiovascular Health study, EPIC-Norfolk study, Longitudinal Aging
Study Amsterdam, Leiden 85-plus Study and PROSPER study

¢ Cohorts: Busselton Health study, Health, Aging, and Body composition study, InChianti study, Nagasaki
Adult Health study, PREVEND study, Rotterdam Study and SHIP



wepianoy pue ANIAIH 'VSY1 woly eyep Ajuo p
wepianoy pue ANIAT ‘BesebeN ‘ySy] woly elep Aluo
AN3AIYd PUB DFVH ‘SHD wolelep AluQ
x3s pue (a|qedijdde ji) a6e Jo4 parsnfpe ‘sishjeue uoissaibal Jeaul| A paulelqo a1am synsay

(9Z°0-01°0-) 800 8¢l (S0°0-71°0-) SO'0- ST9'L “(44) LS¥'0T (L0°0-£1°0-) 80°0- 8v8’L (L0'0-T€0-) SL0- 10T uonesipaw InNoYUM
- - (29°€-99'0-) 8L L “(434) €l - - - - 9410
(€8'2-80'C-) LEO L (61°0-55°L-) 89°0- 8 “(J94) 008 (¢z'0-€2°0-) 000 €l (9L'0-z’L-) €5°0- €l ,uelsy
(L¥'2-86'0-) TL0 4 (¢S0-L€07) LLO 13 “(J94) £00°L (S0°0-5¥°0-) 0Z'0- 86 (05°0-88°0-) 61°0- 4} ¢Peld
(#0°0-12°0-) 80°0- €0¢€ (L0'0-€1°0-) 90°0- 6£€°T “(494) SL'PE (L0'0--91°0-) 60°0- £89'C (S0°0--2€°0-) 8L°0- L€V
(€£°0-S1°0) 62°0 LT (€0°0--S¥°0-) ¥T'0- 891 “(J94) 99T (Lz0-81°0-) LOO 14 X4 (Z1'0-€5°0-) 0T°0- S9 s1eak 08 <
(60°0-82°0-) 60°0- 98l (8L°0-51°0-) LOO 816 ‘(J90) 71891 (Z0'0--£1'0-) 0L°0- L'l (€0°0-S¥°0-) LT'0- Sle s1eak 08-59
(S1°0-92°0-) 90°0- 86 (L0'0-ST°0-) TL°0- [44°] ‘(490) SLL'6 (¥0'0-¥1°0-) S0°0- L9 (90°0- -¢¥'0-) ¥T'0- [43) sieak G9-05
(290-¥9°0-) LO0- (013 (80°0-60°0-) LO0- 665 “(494) 206’9 (¢0'0-87°0-) €1°0- 80€ (60°0-55°0-) €T°0- VA4 sieak og >
aby
(L0'0-6T°0-) ¥L°0- 0¢ (¥0°0-2Z'0-) 60°0- LEE'L “(44) GES'8L (¢0'0--¥1°0-) 80°0- L06'L (¢0'0--¥€'0-) 8L°0- LEE olewsa4
(87°0-91°0-) 900 ol (¢0'0-€1°0-) 90°0- SS0°L “(44) ovs'LL (00°0-51°0-) 80°0- 620'L (01'0--2S°0-) LEO- [44) oy
X35
(50°0-0T°0-) LO0- 60€ (L0°0-€1°0-) 90°0- 98€'C “(44) 180'9¢ (L0°0--€1°0-) £O0- 0€6'C (90°0--2€'0-) 61°0- 6S¥ \4
(1> %S6) u (1D %56) u (1D %56) u (1D %S6) u (1> %S6) u
‘Bip uesiy Hip uespy ‘HIp uesy HIp uesiy ‘Hip uesay
wsiploafyyiadAy wsiproaAyisadAy e wsiploifylodAy wsiproiAyjodAy
FFEY Yo} |es1uippgns |es1uippgns FPEY Yo}

88 | Chapter4

'sniels p1oiAy) uo buipuadap wisiploiAyine 01 pasedwod auldseq 1e (1p/6 ul snonunUOod) S|9AS| UIqo|bowaeY Ul 9dUIYIP UeSW 3y G d]qe) [euawa|ddng



89

The relation between thyroid function and anemia

wepia1I0y pue ANIATY VST woly erep Aluo
wepia10Y pue ANIATYd ‘BesebeN ‘vSy1 woly erep Aluo
AN3IAIYd Pue DaVH ‘SHD wouy erep Aluo
xas pue (9)qedidde }1) obe uoj parsnfpe ‘siskjeue uoissaibal Jeaul| Aq pauie1qo 21am s3nsay

(9Z°0-01°0-) 80°0 8€lL (S0°0-¥1°0-) SO°0- STo'L (334) LG0T (L0'0-£1°0-) 80°0- 8v8'L (Lo'0-z€0-) SL0- L0C uonesIpaw oYUM
- - (29€-99°0-) 8L L (321) €l - - - - A2U10
(€8'7-80'C-) LEO L (61°0-55°L-) 89°0- 8 “(424) 008 (zz'0-€°0-) 000 1345 (9L'0-zT'L-) €5°0- €l ,Uelsy
(1'2-86'0-) TL0 4 (¢zs'0-L€0-) LLO 13 (320) £00'L (S0'0-S¥°0-) 0T'0- 86 (05°0-88°0-) 61°0- cl ¢1Pelg
(#0°0-1Z'0-) 80°0- €0€ (L0'0-€1°0-) 90°0- 6£€°T “(434) YSL'PE (L0'0--91°0-) 60°0- £89'C (S0'0--2€0-) 8L°0- LEY SUYM
Apruyig
(€£°0-51°0-) 670 LT (€0°0--S¥°0-) ¥T'0- 891 “(434) 99T (Lz0-81°0-) LO'O 1434 (z1'0-€5°0-) 0T°0- 59 1894 08 <
(60°0-82°0-) 60°0- 981 (81°0-G1°0-) LO'O 8176 “(494) 71891 (¢00--£1°0-)0L°0- RV (€0°0-S¥°0-) LT'O- Sle s1eak 08-59
(S1°0-92°0-) 90°0- 86 (L0'0-5T°0-) TL'0- [4A°] “(434) SLL'6 (#0°0-¥1°0-) SO°0- LL9 (90°0- -¢¥'0-) ¥T'0- (43} s1eak §9-05
(29'0-¥9°0-) LOO- 0€ (80°0-60'0-) LO'0- 665 ‘(J94) 7069 (zo'0-8°0-) €1°0- 80¢ (60°0-55°0-) €20~ VA4 s1eak oG >
aby
(L0'0-62°0-) ¥1°0- ¥0C (¥0°0-2Z'0-) 60°0- LEEL “(424) Ges'sl (¢00--¥1°0-) 80°0- L06'L (¢0'0--v€0-) 8L0O- LEE Sewa4
(82°0-91°0-) 90°0 L (00-€1°0-) 90°0- GS0°L “(424) ovsLL (000-51°0-) 80°0- 620°L (01°0--2¢S07) LEO- al Sle
XoS
(S50'0-07°0-) £00- 60  (LO0-€L'0)900-  98€'C “(334) 180'9€  (L0'0--€L'0-) £L0'0-  0€6'C  (90°0--TE0)6L°0-  6S¥ \4
(1> %S6) u (1> %S6) u (1> %56) u (1> %S6) u (1> %56) u
‘Bip uesy ‘BIp uesiy ‘Pip uesiy Pip uesiy ‘Pip uesiy
wsipioaAyyiadAy wsipioaAyyiadAy wsipioaAying wsiproaAyrodAy wsiproaAyyodAy
13A0 |estuipgns |ea1utpgns 13A0

"dul|3seq je snieys
auowoy plolAy3 uo Buipuadap wisiploiAyina o} pasedwod (Tp/6 Ul SNONUUOD) S|9A3] UIqo|Bowaey Ul 3Bueyd [enuue Ul 9dUJayIp ueaw ay] *9 3|qe) [eyuswajddng



90 | Chapter4

"PAIRAS|D PAIBPISUOD SeM 7/BW 0Z< dYD dIHS pPue wepianioy ‘ANIATHd ‘snjd-58 uspia ‘YSy1 ‘Huelydu| ‘|lelyjag ‘ieg :spiodal d¥d buluiejuod saipnis ul paskjeuy
AN3ATHd PUB VSId ‘NIOHON-DIdT WOolj uoledIpaw ploiAy uo elep oN
x3s pue (3|qediidde j1) sbe 1oj parsnfpe ‘siskjeue uoissaibai 213s160| Aq paulelqo alam synsay

Adesayy Juswade|dal suowoy piosAy} Jo uoledipaw

ploiAymiue se payisse|d asi3adxa s,1404od ayi Aq pue gSoH ‘9E0H ‘VVYSOH ‘VDEOH ‘VVEOH S9P0d D1V ‘|0Zewelyl ‘DuIXolAYIoAa| :suonedipaw Huimo||o syl papn|dox3

199 89 LSS e /8 N
(60'€-0909€L  (99°1-20'L) LE'L (3201 (St'1-090) €60 (€67-LE'1) 45T LSI9A3] dYD PILASS INOYIM

132 #99'1 15v°07 S8'l 0z N
0Ts+90) €8l (18°1-260) 67’1 (420 1 (¥S'1-90'1) 8L (LO'E-LT'L) S6'L ofdesayy uswadedas auowoy poiAy} 10 UONEIIP3W PIOIAYIIUE INOYUM
«(1D %S6) 4O p3jo0d

wsiproaAyriadAy  wsiproahyyiadAy T wsipioafyjodAy wsiploifylodAy

M3A0 |es1uipgns |es1uipgns FVETY)
'snjeys suow.oy ploiAyl uo buipuadap auljaseq e eiwseue bulaey Jo s Y] :sasAjeue A

1SUaS *£ 3|qes jeauswajddng




The relation between thyroid function and anemia | 91

Supplemental table 8. Sensitivity analyses: The risk developing anaemia during follow-up depending on

thyroid hormone status at baseline.

Overt hypothy-  Subclinical Euthy- Subclinical Overt hyper-
roidism hypothyroid-  roidism hyperthy- thyroidism
ism roidism
Pooled OR (95% ClI)*
Without antithyroid
medication or thyroid 1.58(1.16- 2.08 (0.86-
2.00 (0.65-6.19)  1.13 (0.86-1.48 1 (ref
hormone replacement ( ) ( ) (ref) 2.16) 5.03)
therapy®
N 66 836 10,792 292 64
1.31(1.01- 2.14(0.67-
Without elevated CRP levels® 1.72(0.81-3.68) 1.70(1.20-2.41) 1 (ref) 3100 (06
1.69) 6.79)
N 57 168 3,960 434 32

Excluded the following medications: levothyroxine, thiamazol, ATC codes HO3AA, HO3CA, HO5AA, HO3B,
HO5B and by the cohort’s expertise classified as antithyroid medication or thyroid hormone replacement

therapy

® Results were obtained by logistic regression analysis, adjusted for age (if applicable) and sex
®  No data on thyroid medication from EPIC-Norfolk, PISA and PREVEND
¢ Analysed in studies containing CRP records: Bari, Belfrail, InChianti, LASA, Leiden 85-plus, PREVEND, Rot-

terdam and SHIP. CRP >20 mg/L was considered elevated.
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Supplemental table 9. Individual cohort estimates for the cross-sectional analysis.

Thyroid status 0Odds ratio %A “ Weight I
Lower Upper
Overt hypothyroidism 1.84 1.35 2.50 10%
Bari study NA
BELFRAIL NA
Busselton Health study 4.97 1.07 23.05 3.9%
Cardiovascular Health study 1.50 0.52 433 7.7%
EPIC-Norfolk study 1.62 1.09 240 34.4%
Health- Aging- and Body Composition study 0.92 0.27 3.12 5.9%
InChianti study 2.67 0.53 13.54 3.5%
Longitudinal Aging Study Amsterdam (LASA) 14.10 3.06 64.90 3.9%
Leiden 85-plus Study 1.63 0.81 3.28 15.7%
Nagasaki Adult Health study 2.01 0.63 6.39 6.5%
Pisa cohort 1.52 0.13 17.06 1.6%
PREVEND study NA
PROSPER study 0.43 0.06 3.21 2.3%
Rotterdam Study 3.12 0.88 11.10 5.5%
SHIP 1.72 0.55 5.33 6.8%
Whickham Survey 1.35 017 10.79 2.2%
Subclinical hypothyroidism 1.21 1.02 143 28%
Bari study 1.37 0.64 2.95 4.0%
BELFRAIL 1.19 0.12 11.86 0.5%
Busselton Health study 1.72 0.59 4.99 2.2%
Cardiovascular Health study 1.80 133 244 13.9%
EPIC-Norfolk study 1.06 0.81 1.37 15.9%
Health- Aging- and Body Composition study 0.98 0.70 1.37 12.7%
InChianti study 1.02 0.34 3.05 2.1%
Longitudinal Aging Study Amsterdam (LASA) 1.73 0.21 14.46 0.6%
Leiden 85-plus Study 1.08 0.48 2.40 3.7%
Nagasaki Adult Health study 0.87 0.54 1.39 8.4%
Pisa cohort 1.38 0.90 2.11 9.5%
PREVEND study 047 0.17 1.35 2.3%
PROSPER study 1.48 1.06 2.07 12.7%
Rotterdam Study 1.56 0.75 3.23 4.3%
SHIP 2.20 0.69 7.00 1.9%

Whickham Survey 0.69 0.36 1.35 5.1%
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Supplemental table 9. Individual cohort estimates for the cross-sectional analysis. (continued)

Thyroid status 0Odds ratio L Weight I?
Lower Upper
Subclinical hyperthyroidism 1.27 1.03 1.57 35%
Bari study 1.71 0.31 9.42 1.4%
BELFRAIL 1.12 0.55 229 6.3%
Busselton Health study 3.13 1.20 8.17 4.0%
Cardiovascular Health study 0.24 0.03 1.75 1.1%
EPIC-Norfolk study 1.07 0.74 1.54 13.5%
Health- Aging- and Body Composition study 0.72 0.36 1.47 6.4%
InChianti study 2.01 1.1 3.64 8.2%
Longitudinal Aging Study Amsterdam (LASA) 0.92 0.21 4.04 1.9%
Leiden 85-plus Study 213 0.89 5.09 4.7%
Nagasaki Adult Health study 0.82 0.10 6.83 1.0%
Pisa cohort 1.63 1.06 2.51 11.7%
PREVEND study 0.82 0.28 238 3.3%
PROSPER study 0.75 0.34 1.61 5.6%
Rotterdam Study 0.54 0.19 1.51 3.6%
SHIP 1.24 1.01 1.51 18.8%
Whickham Survey 2.1 1.20 3.71 8.6%
Overt hyperthyroidism 1.69 1.00 2.87 34%
Bari study NA
BELFRAIL NA
Busselton Health study 1.95 0.25 15.41 5.6%
Cardiovascular Health study 12.82 0.74 222.89 3.1%
EPIC-Norfolk study 2.03 1.1 3.70 26.4%
Health- Aging- and Body Composition study NA
InChianti study 3.18 0.95 10.71 12.9%
Longitudinal Aging Study Amsterdam (LASA) NA
Leiden 85-plus Study NA
Nagasaki Adult Health study NA
Pisa cohort 1.66 0.30 9.14 7.8%
PREVEND study NA
PROSPER study 0.40 0.12 1.26 13.7%
Rotterdam Study 3.39 0.72 16.07 8.9%
SHIP 1.27 0.59 2.75 21.6%
Whickham Survey NA

Abbreviations: Cl, Confidence interval; NA, data not available.
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Supplemental table 10. Individual cohort estimates for the longitudinal analysis.

Thyroid status Hazard ratio —95% < Weight I?
Lower  Upper
Overt hypothyroidism 1.38 0.86 2.20 33%
Bari study NA
BELFRAIL 0.96 0.13 7.02 4.7%
Busselton Health study 4.84 1.17 20.04 8.0%
Cardiovascular Health study 1.00 0.37 2.69 12.8%
EPIC-Norfolk study 0.44 0.16 1.18 12.8%
Health- Aging- and Body Composition study 0.72 0.10 517 4.8%
InChianti study 0.96 0.13 6.85 4.8%
Longitudinal Aging Study Amsterdam (LASA) NA
Leiden 85-plus Study 1.20 0.58 2.49 17.2%
Nagasaki Adult Health study 1.68 0.53 5.29 10.7%
Pisa cohort NA
PREVEND study 7.29 1.79 29.79 8.1%
PROSPER study 1.81 0.45 7.33 8.2%
Rotterdam Study NA
SHIP 1.42 0.35 5.75 8.1%
Whickham Survey NA
Subclinical hypothyroidism 1.18 1.00 1.38 17%
Bari study 1.51 0.52 441 2.4%
BELFRAIL 0.76 0.19 3.16 1.4%
Busselton Health study NA
Cardiovascular Health study 0.93 0.68 1.28 19.0%
EPIC-Norfolk study 1.19 0.84 1.69 16.3%
Health- Aging- and Body Composition study 1.14 0.77 1.70 13.7%
InChianti study 2.24 117 4.28 6.1%
Longitudinal Aging Study Amsterdam (LASA) NA
Leiden 85-plus Study 0.70 0.34 1.46 4.9%
Nagasaki Adult Health study 1.03 0.70 1.51 14.3%
Pisa cohort NA
PREVEND study 2.16 1.10 4.25 5.6%
PROSPER study 1.26 0.77 2.05 9.8%
Rotterdam Study 1.29 0.70 2.39 6.7%
SHIP NA

Whickham Survey NA
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Supplemental table 10. Individual cohort estimates for the longitudinal analysis. (continued)

Thyroid status Hazard ratio - oRd Weight ?
Lower  Upper
Subclinical hyperthyroidism 1.15 0.94 1.42 10%
Bari study 240 0.31 18.49 1.0%
BELFRAIL 1.31 0.59 293 6.0%
Busselton Health study 1.91 0.46 7.87 2.1%
Cardiovascular Health study 1.61 0.66 3.92 5.0%
EPIC-Norfolk study 0.52 0.26 1.05 7.8%
Health- Aging- and Body Composition study 1.19 0.55 2.55 6.7%
InChianti study 1.84 1.13 3.00 14.4%
Longitudinal Aging Study Amsterdam (LASA) 1.65 0.38 7.07 1.9%
Leiden 85-plus Study 1.44 0.58 3.56 4.9%
Nagasaki Adult Health study NA
Pisa cohort NA
PREVEND study 1.02 0.32 3.25 3.0%
PROSPER study 1.14 0.47 279 5.0%
Rotterdam Study 1.30 0.70 2.40 9.8%
SHIP 0.91 0.69 1.21 32.4%
Whickham Survey NA
Overt hyperthyroidism 1.47 0.91 2.38 0%
Bari study NA
BELFRAIL NA
Busselton Health study NA
Cardiovascular Health study NA
EPIC-Norfolk study 143 0.53 3.84 23.8%
Health- Aging- and Body Composition study 232 0.32 16.59 6.0%
InChianti study 1.21 0.17 8.69 6.0%
Longitudinal Aging Study Amsterdam (LASA) NA
Leiden 85-plus Study 3.59 0.49 26.06 5.9%
Nagasaki Adult Health study NA
Pisa cohort NA
PREVEND study NA
PROSPER study 1.13 0.42 3.06 23.3%
Rotterdam Study 291 0.72 11.76 11.8%
SHIP 1.03 0.38 2.79 23.3%
Whickham Survey NA

Abbreviations: Cl, Confidence interval; NA, data not available.



