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Context: Subclinical hypothyroidism (SCH) is a common condition that has been associated with
ischemic heart disease (IHD) in some, but not all, studies. This may be due to differences in study
design and the characteristics of participants.

Objective: Our objective was to investigate whether age and gender influence IHD prevalence,
incidence, and mortality in people with SCH.

Data Sources: Computerized (PubMed, EMBASE, and Cochrane Library) and manual searches of the
literature to May 2007, published in English, were performed.

Study Selection: Epidemiological studies that quantified thyroid status and IHD events in adults
were performed.

Data Extraction: Two authors independently reviewed articles and abstracted data. Results were
compared across two groups based on the minimum age of participants studied (younger than 65
yr and 65 yr or older).

Data Synthesis: There were 15 studies included for analysis with 2,531 SCH participants and 26,491
euthyroid individuals. IHD incidence and prevalence were higher in SCH subjects compared with
euthyroid participants from studies including those younger than 65 yr, but not studies of subjects
aged older than 65 yr [odds ratio (95% confidence interval)]: 1.57 (1.19-2.06) vs. 1.01 (0.87-1.18)
and 1.68 (1.27-2.23) vs. 1.02 (0.85-1.22), respectively. Cardiovascular/all-cause mortality was also
elevated in participants from the younger than 65-yr studies, but not from the studies of older
people: odds ratio 1.37 (1.04-1.79) vs. 0.85 (0.56-1.29). Prevalent IHD was higher in SCH partici-
pants of both genders, although this was statistically significant only in women.

Conclusions: SCH is associated with increased IHD (both prevalence and incidence) and cardiovas-
cular mortality only in subjects from younger populations. These data suggest that increased
vascular risk may only be present in younger individuals with SCH. (J Clin Endocrinol Metab 93:
2998-3007, 2008)

Subclinical hypothyroidism (SCH), defined as an elevated se-  tional studies comparing the outcome of SCH individuals with
rum TSH level associated with serum thyroid hormone  euthyroid subjects have shown divergent results, and it has been

concentrations within the reference range, is found in 4-10% of ~ debated for some time whether SCH is independently associated

individuals from Western populations (1-3). Several observa-  with ischemic heart disease (IHD) (4, 5). If the latter were true,
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this would be an important public health issue for the aging
population, in which SCH is most prevalent (1). Differences in
reported outcomes from investigations that have compared IHD
and/or mortality in people with SCH to that of euthyroid con-
trols are not surprising, given the varied design and settings of the
studies. For example, some studies have studied only women (6),
others only elderly people (7-12), and others have been con-
ducted in diverse populations (13, 14). A recently published
metaanalysis has concluded that SCH individuals are at an in-
creased risk for IHD (15). However, that metaanalysis pooled
data from studies with several different designs, including case-
control and cohort studies, and outcomes including prevalence,
incidence, and mortality, thus making inferences from data sets
that were neither uniform nor entirely comparable. Further-
more, additional large and high-quality studies assessing the as-
sociation between SCH and THD have since been published (8, 9,
12, 14, 16).

There have been suggestions that age (7, 17) and gender (6,
13, 18) may have an impact on IHD risk in people with SCH, but
no quantitative analysis has been performed to investigate this.
The purpose of this study was to examine the influence of age and
gender on THD and mortality in SCH. Therefore, we conducted
a systematic review and metaanalysis of prospective cross-sec-
tional and longitudinal population-based studies assessing THD
and mortality in SCH with stratification by age and gender.

Subjects and Methods

Study selection

Inclusion criteria

Types of studies. Population-based cross-sectional or longitudinal cohort
studies of community living adults were included. We defined popula-
tion-based studies as those that included participants from the commu-
nity after screening and whom were not institutionalized, clinic based, or
known to have a thyroid disorder. We defined cohort studies as those that
selected controls from the same source population as the case partici-
pants. Population-based studies (cross-sectional and longitudinal) min-
imize false-positive results due to selection bias and population
stratification.

Types of participants. Only studies that included individuals with mild
SCH (TSH levels < 10 mIU/liter) were used for the analysis.

Outcomes. Outcomes were IHD events (prevalent and incident) and car-
diovascular mortality. IHD events were defined as those confirmed by
self-report, medical records, standardized IHD questionnaires, or inves-
tigations, including electrocardiographs and coronary angiograms. Car-
diovascular mortality was defined as death due to IHD, cerebrovascular
and peripheral vascular diseases confirmed by death certificates or au-
topsy after evaluation of medical records. When all-cause mortality was
reported but not IHD or cardiovascular mortality, then all-cause mor-
tality was included.

Literature search criteria

A search of PubMed, EMBASE, and the Cochrane Library was con-
ducted between June 2006 and May 2007, for all relevant articles in
English published from inception till May 2007, using the Medical Sub-
ject Heading terms “thyroid diseases” AND “cardiovascular diseases”
limited to adult humans. Further studies were identified from references
of searched articles and from personal collections of the authors (Fig. 1).
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Studies searched on
PubMed, EMBASE and
Cochrane Library using

Medical Subject Heading
database (n=2215)

Excluded (n=2133)
Case-reports and
letters (n=1123)
Review articles
(n=47)

Not community-based
populations (n=937)
Intervention trials
(n=26)

Full length articles
reviewed (n=82)*

Eurther excluded (n=67)
No report of thyroid status
(n=8)

No report of outcomes (n=22)
Multiple publications (n=10)
Not population-based (n=11)
Editorials/Letters/Reviews
(n=16)

Cross-sectional Longitudinal
studies of SCH and studies of SCH
IHD (n=6) and IHD or

cardiovascular
mortality (n=9)

FIG. 1. Flow chart outlining the process of search criteria and study selection.
*, Full list on supplemental Appendix 2 (which is published as supplemental data on
The Endocrine Society’s Journals Online website at http://jcem.endojournals.org).

Evaluation of studies

All studies that were collected were then evaluated against predeter-
mined criteria to assess quality. The criteria were:

1. Unselected community dwelling adults without preset criteria (e.g.
not from one primary care practice, or health fair, only men or women,
or atomic-bomb survivors).

2. Excluded people with conditions or treatments that could affect
thyroid function or people with previously treated thyroid disease, in
reporting [HD.

3. The primary outcome investigated was the association of thyroid
diseases with IHD events and/or mortality.

4. Measured thyroid hormones along with TSH to diagnose SCH.

5. Adjusted (multivariate) analysis for confounding variables.

6. Validated events by confirming by more than one method.

One point was allocated for each criteria and a total score calculated to
provide an overview of overall quality (Table 1).

The recommendations of the Metaanalysis Of Observational Studies
in Epidemiology Group for reporting metaanalysis of observational
studies was used to standardize and report data from each included study
(19). Any uncertainty about any item was deliberated and resolved by
agreement between the authors.

Data extraction

Two investigators (S.R. and A.S.) both independently extracted out-
come data from included studies, and differences were resolved by dis-
cussion. When risk estimates [either as odds ratios (ORs) or hazard
ratios] were reported after adjustment for variables, then the most fully
adjusted multivariate model was included for analysis. For cross-sec-
tional studies that reported only raw event data, unadjusted ORs were
calculated. Authors of studies that had not reported data in a useable
form for inclusion in the analysis were contacted. Details were received
from two of the investigators (6, 10) and were directly extracted for the
Whickham survey (20). Additional data were then included for analysis
of incident IHD (6), prevalent IHD, and all-cause mortality (10), and
incident IHD and THD mortality (20) (supplemental Table 1, which is



J Clin Endocrinol Metab, August 2008, 93(8):2998-3007

SCH and Heart Disease

Razvi et al.

3000

(panunuo))
suodal Asdoine
44D ‘spidi] ‘suonedipaw Ayjerow pue ‘s91ed1f114ad Ayjerow
"IINg "IN@ ‘Buryows AD Ppue ‘QHI Juspiul U1eap ‘splodal [ewiouqe pue sjusns gH| 104 hg9 = (8) 9002
9 ‘adel 'Jopuab ‘9by  pue jusjerald 10} £€ZE/EEZE  BIIPAW ‘'DDT ‘WOdaI-§9S  HSL H AlUO 14 HSL SOA S10)0B} JSII SSISSE O] UDWOM pue UDJA “le 19 ejodde)
USWOM pue udw
Ayljerow Ul S9SE3SIP dIUoIYdD
9SNEd-||e 104 E0V/L8E 40 SjueulwILl1Sp K ye-€L (01) s00Z
14 aby ‘QHI yusjenald 10} £07/98€ Asnins parepilep €14 pue ‘v14 ‘HSL SOA SS9sse 0] Uawl Juspuadapu| /e 12 p|og uap ueA
asn JoHqIYUl 3DV
pue ‘auowIoy ploJAY} S95PASIP
‘3Wodul ‘uoiieonps J3Y10 Yyum
‘aulunean ‘O (sishjeue uol1eIDoSse sy pue
'4g ‘snieis yyeay ‘and Ayjeyrow S91EDI4I19D RU/NW QL = Ul 9pew juswisnipe a|doad Jap|o ul
juajeaasd ‘N @ ‘Bupjows AD pue ‘gH| 1uspbul Y1eap pue ‘spiodal 10 |°0 = Sem ‘JUsWieal} auIX0JIAY} uonisodwod Apoq IK6/-0/ pabe (6) 5007
S ‘adel ‘1opuab ‘9by  pue jusjerald 10} €/ Z/0E€LZ  [BIIPAW ‘'DDT ‘WOdaI-§9S  HSL 4 AJUO 14 HSL uo syuaned Joy) oN ur 9bueyd Apnis o]  USWOM pue U\ "“[e 19 Ipuopoy
211106
‘aseasip ploJAyy payiodal
-J|9s ‘sapLadA|bL shanins yyjeay jo
‘D1 ‘8sIiaxe Ayjenow AD pue gHI 53 40 ‘splodal (sishjeue u1 paysnipe S91I3S Ul S2seasip
‘burjows ‘snieys |eos JUspIDUI 104 801 7/0681 [eD1UI ‘BureUUOnSIND 211106 pue aseasip UoWwod oy IKe8—/1 (1) 500Z
S ‘ING 'dg ‘NG “49pusb ‘eby  "QHI 1uajenald 1oy 801 2/#90C "110da.-§[9s Y14 pue HSL ploJAY} paniodal-§9S) ON  SIOIDBS S SS9SSE O] USWOM pUe USJA "“1e 19 Ys|ep
quioq dlwole
Ayjeriow HDS Buianns
INQ pue ¥s3 ‘Bunjows aseasip dlsejdosuuou pue SdD WO} UOnewIoul ul Ayjeriow pue USWOM (€1) ¥00Z
S D1 ‘INg ‘dg 1j03shs 9By @HI us|eAsud U0} 0GSZ/0SST pue ‘D>3 ‘Hodai-§|9s 14 pue HSL SOA SJUSA® gH| S$3sse O] pue usw }npy "“[e 18 lwnziew|
uiwngje ‘dy> ‘saseasip Ayjeyiow heg = (£) ¥002
9 JO Jaquinu ‘Japuan 9sned-||e 4o} 8G5/85G D3 pue Hodal-§|3s 714 pue HSL (sishjeue dnoibgns ut) seA AM[ELIOIN  USWIOM pue U3\ "“|e 19 00}assSND
9o1oe.d aied
Asewiid suo
Ayjerow Asoyejnoun |ew.ouge S9seasIp PI0JAYY wouy JA 09 = (12
2 Jopuab pue 8by  pue asned-||e 1o} |61 1/061L L S91eD1JI9D Y1ead  HSL H Ajuo y14 HSL SOA Ul Allje1IoW SS9sse 0| USWOM pue USJA| 100Z /e 19 3jied
K gg=
USWOM pue Uaw
@HI uspul Ul $3SEASIP DIUOIYD IR
Bupjows 104 GG01/9€01 pue SpJoda.J [eJIpAW |ewiouqe 10} S1012€4 %Sl pue GG = uswom
q ‘d9 1aH ‘D1 ‘NG ‘9by AHI 1us|eaaud U0} S50 L /66 pue ‘s9>H3 ‘Wodal-}3S  HSL H Aluo ¥14 HSL SOA 9DUSLINDI0 SS3sse 0 bulall Aunwwod  (9) 0007 /e 19 3eH
sapuadA|bLy ‘D1 SpJoda. [eJIpAW Saseasip ploJAY}
‘Bupjows ‘snieis |e1nos Ajjenow gH| pue pue ‘suoda. Asdoine ur Ayjeriow pue Kg| = (02) 9661
9 ‘INQ ‘dg ‘NG “Jepuab ‘aby AHI JUSPDUI IO} 6//2/7/97  'SS1LDIJISD Y1eap 'SHDI 14 pue HSL SOA SIUIAD QH| SSOSSe O]  USWOM pue usjn /e 38 dwndispuep
alleuuonsanb S95e3S|P PIOJAYY Ul Kg| = (v€) LL61
9 Jopuab pue 8by  QHI 1udjeAdld 10} 6//2/611T ‘5D3 ‘Hodal-fas 14 pue HSL SOA SIUIAS H]| SSISSe O]  USWOM PUe UI|A| "Je 32 abpuquny
(9 Jo s|qissod passasse salelieno) (pa¥nJdaa $9W011N0 aulsp snjels ipapnpxad Apnmis ultew jo paipns ("ou a>uaJiayal)
wnwixewy) 3103 suosiad/pauieiadse 0} pasn sjuawnJsuj pioiAy3 asoubelp uonduny proiAyy aAnelqo Arewd syuedpiped IK "Apnas
Ayjenb jejo) 2WO021N0 WOoYyM 0) painseawl Bunoayje suonedipaw Jo adA)

ul suosiad) uoleaiasqo
J0 ssauaajdwod

S3UOW.IOH

s|enpiaipul pioJAyine yim pasedwod HOS yim ajdoad ul Ayijeriow pue gH| buissasse saipnis paseq-uoiiejndod |euipniibuo| pue [euoi}das-ssold jo Alend “L 319v.L




3001

jcem.endojournals.org

J Clin Endocrinol Metab, August 2008, 93(8):2998-3007

"|oJ21s3|0yd |e101 ‘D] ‘joudnsajoyd uerosdodi) Aususp-ybiy ‘DTaH ‘4suoindeld [eisusb ‘4o Y| 991} ‘14 91eJ UOIPIUSWIPSS
21A001y1kus "YS3 ‘ydeiboipledo1dale ‘D7 ‘SniijjW saleqeIp ‘|NJ 2Seasip JeIndserolpied ‘gAD ejndseAoiqalad ‘A ‘ulslold aAndeal-) ‘dy) ‘ainssald poolq ‘dg Xxapul ssew Apoq ‘|INg ‘BwAzus BuiisAauod-uisusloibuy IOV

ul suosiad) uoneasasqo
Jo ssauaa|dwod

S9UOWIOH uo mu,cmn_ 11ied

[ELLLIOUGE 1k 6/-0¢ pabe (91) £00T
14 SUON QHI 1usjerdud 1o} £09€/L09€ 1odau-§19S  HSL 1 Ajuo v14 HSL SOA SHUDAS OH|  USWOM pue U\ "“[e Je ewlysexe|
aseasip
p1oJAy1 pue sniejs sadnoeld aued
JIWOUOD90ID0S Aewnd oz
$9588SIP JB|NJSeA SpJodal usamiaq wouy JA g9 = (z1)
12 SUON Juslenaid o) 7/85/7/8S  [BdIpaw pue Lodau-§9S 714 PUe HSL SIA UOIIBIDOSSE SS8SSB O] USWOM puP U3 900Z "*/€ 13 UOS|IM\
uonediynens
prosAuy
ul pasn 1ou 1nq SSaUNDIYL A 6/-Gt pabe (V4]
4 SUON QHI wuajeAald 10y 9807/980¢ podas-J[9s  paInsesw 714 HSL SOA eIPSW-BWIUI PIIOJED  USWOM PUB US|\ 00T “*/E 19 %Z|OA
ad1oeld
aJed Aewd
aseasip ploJAyl 3UO Wou)
SpJodaJ [edIpaW |ewiouqe YHM QHI J0 Ik 69—07 pabe (81)
14 SUON AAD wsjeraud 1oy 71 z1/21zL pue aJieuuonssnd  HSL # Ajuo 14 HSL SOA UOIBIDOSSE SS8SSe O] USWOM pue US|\ +00¢ "/e 18 Aulany
suosiad
9HYyM diuedsiH
-uou pue diuedsiH
Apisp|e Jo Jsquinu
|enba ur sanss|
BH/NW 9y < paleai-yiesy hgg = (L1) €002
€ SUON QHI Judjenaid 1o} £88/5GL DDJ pue Hodal-§|3s  HSL J1 Aluo y14 HSL ON pue yijeay Apnis ol udWom pue udl\| "’/e 39 uewspur]
(9 Jo 3jqissod passasse sajeleno) (payinadaa S3W021N0 dulep snjejs ipapnpxa Apnis ulew jo paipnis (CUEATEIETEY))
wnwixewy) 8103s suosiad/pauieliadse 0} pasn sjuswinsu| p1oJAyy asoubeip uonpuny proiAyy aAnalqo Arewnd syuedninied IK ‘Apmis
Ayjenb jeyor aW021N0 Wwoym 0} painseaw Bundeyje suonedipsw Jo adAL

psnuiuod "L 319VL




3002 Razvi et al. SCH and Heart Disease

published as supplemental data on The Endocrine Society’s Journals
Online web site at http://jcem.endojournals.org).

Data for cardiovascular (circulatory) disease mortality was available
from four studies (8, 9, 14, 21). In the other studies, nonneoplastic dis-
ease mortality (13) or all-cause mortality (7, 10) was used to abstract data
on fatal events. In studies in which risk of events was reported as hazard
ratio (7-9, 13, 14, 20), this was included as OR because the two are
similar when the event rate is low (22). For one study (21) that reported
risk as standardized mortality ratio, published ORs previously derived
from raw data were used (15).

Other data extracted for each group were: number of participants,
age at baseline, number of men and women, length of follow-up for
longitudinal studies, adjusted risk estimates for outcome data, and type
of adjustment factors. In those articles that reported outcomes from the
same study population (9, 11, 14, 23-31), the article that most closely
matched our inclusion criteria was included. All available case data were
analyzed for every participant for whom the outcome was obtained (32).

Statistical analyses

Because of substantial qualitative and quantitative heterogeneity
across studies, all analyses were performed using the random effects
model because this assumes that all studies are heterogeneous and, thus,
provide a more conservative risk estimate. Adjusted risk estimates of
effect were calculated by the genericinverse variance method. IHD events
(both prevalence and incidence) and mortality were expressed as ORs.
For studies that reported only unadjusted dichotomous outcome data,
risk estimates were calculated by the DerSimonian and Laird method
(33). Heterogeneity was tested by the x? test for degree of significance (in
which P < 0.1 was considered indicative of statistically significant het-
erogeneity) and I? test for magnitude of the heterogeneity (a value > 50%
being indicative of substantial heterogeneity). Each contributing study
was weighted so that larger studies with more precise estimates contrib-
uted more to the pooled result than smaller studies. The statistical pack-
age Revman 4.2 (Nordic Cochrane Centre, Copenhagen, Denmark) was
used for analyses and generating figures. Publication bias was assessed by
funnel plot, in which the OR was plotted on a logarithmic scale against
its SE for each study. The term “significant” refers to statistical signifi-
cance throughout this manuscript.

A priori, two subgroup analyses were planned. To test the hypotheses
that age and gender have varying effects on cardiovascular disease in
people with SCH, we analyzed data from population-based trials cate-
gorized by age, using the minimum age of participants recruited of
younger than 65 yr or 65 yr and older, and also divided by gender. The
age of 65 yr was chosen because the majority of trials that recruited older
people had used this cutoff (8, 11, 12). Age-stratified data on outcomes
were not available for any study, and, therefore, analysis was not
performed.

Post hoc, further subgroup and sensitivity analyses were conducted
based on individual quality criteria, the level of TSH (“mild” SCH with
TSH < 10 mIU/liter), length of follow-up, after exclusion of studies with
unpublished data and those without multivariate adjustment.

Results

Selection and characteristics of studies

The search criteria identified 22135 studies (Fig. 1). Irrelevant
articles (n = 2133) were excluded after their title and abstracts
were studied. Full text of the remaining articles and their refer-
ence list were reviewed and assessed against the inclusion criteria
(supplemental appendix 2, which is published as supplemental
data on The Endocrine Society’s Journals Online web site at
http://jcem.endojournals.org). Finally, 15 studies (nine longitu-
dinal) were included in the metaanalyses for IHD and mortality
(6-14, 16, 18, 20, 21, 27, 34).

J Clin Endocrinol Metab, August 2008, 93(8):2998-3007

Qualitative analysis

The characteristics of the studies included for metaanalysis
are summarized in Table 2. The mean age of SCH participants
(considering age at baseline in longitudinal studies) was 60 and
74 yr in those studies including participants with a minimum age
of younger than 65 yr and those including only people aged 65
yr or older, respectively. The studies were performed in different
geographical areas, including the United States, United King-
dom, The Netherlands, Australia, Japan, Denmark, and Ger-
many. The sample sizes of participants with SCH ranged from six
to 496, whereas euthyroid individuals ranged from 353-5538.
Overall, the studies were well powered, with 11 of 15 containing
data from more than 1000 participants. The minimum age for
inclusion in a study varied from 18-85 yr across different stud-
ies. There were 12 studies that recruited both men and women,
whereas two studies recruited exclusively from one gender (Ta-
ble 2). The upper limit of normal TSH concentration above
which SCH was defined also varied from 2.8-6.0 mIU/liter, as
did the degree of thyroid failure, with a mean TSH ranging from
3.7-8.9 mIU/liter in SCH groups. It is pertinent to point out that
studies have been conducted across different time periods, and,
thus, different serum TSH assays have been used. For example,
two older studies used a less sensitive TSH RIA (13, 34), whereas
the rest of the studies have used third-generation chemilumines-
cent TSH assays. In the longitudinal cohort studies, follow-up
periods ranged from 4-20 yr.

The quality parameters of the various studies are outlined in
Table 1. The primary analysis was IHD events or mortality in all
but two studies. In one study it was the relationship of thyroid
dysfunction with socioeconomic status (12), whereas in another
it was its relation with carotid intima-media thickness (27). The
quality of outcome measurements was good with the majority of
studies using standard definitions of outcomes, although the in-
struments varied widely. Most studies validated outcomes by
different means, with 12 studies using two or more methods to
confirm primary outcomes and only two studies using exclu-
sively participant-reported data to define outcomes (16, 27).

There were 10 studies designed to assess long-term outcomes
of common diseases and not primarily to assess the associations
of thyroid disease with IHD or cardiovascular events (6-11, 13,
14, 16, 27). However, four studies were designed with the pri-
mary intention to assess the relationship between thyroid dis-
eases and cardiovascular events or mortality (18, 20,21, 34). All
studies characterized participant’s thyroid status based on a sin-
gle measurement, thus a proportion of these individuals may
have had transient TSH abnormality. Thus, the majority of stud-
ies were comparable in having vascular events as the primary
endpoint and using standard criteria to define thyroid status and
outcome measurements.

IHD prevalence in SCH

There were 12 studies that assessed the prevalence of IHD
in SCH (n = 2,399) compared with euthyroid (n = 24,868)
people (6, 8-14, 16, 18, 27, 34). The mean age of subjects in
the SCH group was 66 yr compared with 65 yr in the euthyroid
group, with 63 and 53% of women in each respective group.
Metaanalysis, using data that had been adjusted for covari-
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Five studies reported prevalent IHD sep-

arately for women (n = 4313) and men (n =
3166)(6,11,13,18,34). Prevalent IHD was

-131

E.53]
bt higher in SCH women vs. euthyroid female
i participants [OR 1.71 (95% CI 1.26-2.34);
ko P < 0.001], with no significant heterogene-
ity. Prevalent IHD was elevated in SCH men
e compared with euthyroid males to a similar
i 581 degree as observed in SCH women, al-
B.del though there were fewer male participants,
118 and the difference was not significant [OR
1.66 (95% CI10.71-3.88); P = 0.24] (sup-
1.48]

plemental Fig. 1, which is published as sup-
plemental data on The Endocrine Society’s
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FIG. 2. Forest plot of IHD prevalence in cross-sectional studies of SCH and euthyroid controls. Group 1
studies are those that included participants younger than 65 yr of age, whereas group 2 studies are those
that only included participants 65 yr or older. Although the overall prevalence of IHD was higher in SCH
participants, the studies were heterogeneous, with an I? of 44.9% (P = 0.05). Dividing the studies

Journals Online web site at http://jcem.
endojournals.org). IHD events were twice
asprevalentinmen (308 0of 3142 = 0.1) than
women (230 of 4248 = 0.05).

according to age group substantially reduced the heterogeneity in both of the groups and shows that the

increased IHD prevalence is confined to the group 1 studies.

ates, showed that prevalent IHD was higher in the SCH group
[OR 1.23 (95% confidence interval (CI) 1.02-1.48); P =
0.03]. However, there was modest evidence of statistical het-
erogeneity (Fig. 2). Subgroup analysis by age showed that IHD
was more prevalent in SCH individuals compared with eu-
thyroid subjects in the studies that included people who were
younger than 65 yr of age [OR 1.57 (95% CI 1.19-2.06); P =
0.001](6,13,14,16,18,27,34). However, this was not found
in studies that involved only subjects older than 65 yr [OR
1.01 (95% CI 0.87-1.18); P = 0.9] (8-12). The significant
statistical heterogeneity found in the whole data set was not
found when either of the two subgroups was analyzed sepa-
rately (Fig. 2). The relative background risk of prevalent IHD
events was about three times higher in older than 65-yr studies
(2,442 of 12,624 = 0.19) than in younger than 65-yr studies
(828 of 14,643 = 0.06).

Incidence of IHD in SCH
Metaanalysis was performed using data
from five longitudinal studies that encompassed 954 SCH par-
ticipants (67 % women, mean age 65.2 yr) and 8673 euthyroid
individuals (57% women, mean age 62.4 yr), followed for a
median length of 8.6 yr (6, 8, 9, 14, 20). Overall, there was no
difference in incident IHD in SCH individuals compared with
euthyroid participants [OR 1.27 (95% CI0.95-1.69); P = 0.11]
(Fig. 3). However, there was evidence of substantial heteroge-
neity among these studies. When the three studies in the group
including individuals younger than 65 yr (6, 14,20) (n = 273 for
SCH participants vs. 4443 for euthyroid) were analyzed, the risk
of incident IHD was significantly increased [OR 1.68 (95% CI
1.27-2.23); P < 0.001]. This compares withan OR of 1.02 (95 %
CI 0.85-1.22; P = 0.83) in the two studies that included only
individuals older than 65 yr (8, 9) (n = 834 for SCH participants
vs. 5031 for euthyroid). There was no longer evidence for het-
erogeneity when studies from groups divided by age were ana-
lyzed separately. The background risk of in-

Study Incident HD (random) Incident IHD (randorm) cident ITHD events was similar in both
or sub-category 95% CI Q5% Cl
groups.
01 Group 1 : L
Hak () | ; B DLEE It was not meaningful to calculate incident
Vanderpump (20) - 1.51 [1.00, 2.28] IHD separately by gender because results were
Walsh (14) — 1.80 [1.20, 2.69] . ]
Subtotal (95% CI) . 1.68 [1.27, 2.23] only available for two studies (6, 20).
Test for heterogeneity: Chi* =073, df =2 (P =069), F=0%
Test for overall effect I =363 (P = 0.0003)
B troupd Cardiovascular mortality in SCH
Cappola (8) - 1.07 [0.90, 1.27] Eight longitudinal studies assessed mor-
Rodond (9) - om| 0.85 [0.58, 1.25) 2 .
Subtotal (35% CI) - 1.0z [0.85, 1.22] tality in 1,417 people with SCH and com-
Test for het ty: ChP = 1.12,df =1 (P = 0.29), [ = 10.9% o .
T ®- 0_3,3)( K pared it with that of 13,302 euthyroid par-
Soin G - SR A ticipants (7.—10, 13, 14, 20, 21). The SCH
Test for heterogeneity: Chi* = 1079, df = 4 (P = 0.03)| F = 62.9% group consisted of 64% women (mean age
Test for overall effect Z=160(P=011) . o .
68 yr) compared with 53% women with a
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FIG. 3. Forest plot of IHD incidence in longitudinal studies of SCH and euthyroid controls. Group 1 studies
are those that included participants younger than 65 yr of age, whereas group 2 studies are those that
only included participants 65 yr or older. The overall incidence of IHD was not significantly higher in SCH
participants, but the studies were heterogeneous, with an |2 of 62.9% (P = 0.03). Dividing the studies
according to age group substantially reduced the heterogeneity in both of the groups and shows that the

increased IHD incidence is confined to the group 1 studies.

mean age of 65 yr in the euthyroid partici-
pants. The median follow-up period was 10
yr. Metaanalysis of the studies that assessed
cardiovascular mortality (or all-cause mor-
tality in which cardiovascular-specific mor-
tality was not available) showed that there
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was no overall increased risk in SCH individuals [OR 1.09 (95 %
CI 0.84-1.41); P = 0.52]. However, there was evidence of het-
erogeneity in these studies (Fig. 4). Splitting the entire data set by
age in studies including individuals younger than 65 yr, SCH
participants had an increased risk of cardiovascular mortality
compared with euthyroid individuals [OR 1.37 (95% CI 1.04-
1.79); P = 0.02] (13, 14, 20, 21), whereas no such risk was
evident in the studies with subjects older than 65 yr only [OR
0.85(95% CI10.56-1.29); P = 0.44] (7-10). There was evidence
of statistical heterogeneity within the four studies in the older
than 65-yr group, which remained when a small study with wide
CIs (10) was excluded but disappeared completely when the
study with the youngest age group (8) was excluded from anal-
ysis. No statistical heterogeneity was found among the younger
than 65-yr studies (Fig. 4).

The background risk of cardiovascular mortality was similar
in both age group studies. When studies that reported cardio-
vascular mortality alone were considered (n = 5) (8, 9, 14, 20,
21), there was no substantial change in the result obtained.

We did not calculate gender-specific mortality differences be-
cause data were available from just two studies (13, 20).

Sensitivity and post hoc subgroup analysis

Study quality

When studies stratified by minimum age (<635 yrand > 65 yr)
were analyzed, based on individual quality scores, the results
remained essentially unchanged, apart from IHD/all-cause mor-
tality that was nonsignificantly increased in younger than the
65-yr group that excluded participants on medications affecting
thyroid function (supplemental Table 2).

Different measure of effect size
There was no appreciable difference in results of IHD out-
comes when relative risk was used as a measure of risk ratio.

jcem.endojournals.org 3005

Incident IHD and cardiovascular mortality in TSH up to 10
mlU/liter group

There was no significant association between prevalent IHD
and SCH in people with TSH less than 10 mIU/liter in studies
including individuals younger than 65 yr (14, 18, 34) with OR
of 1.31 (95% CI1 0.92-1.88), although incident IHD events were
higher in this group (9, 14, 20), with OR of 1.89 (95% CI 1.38-
2.57). These results were obtained from a relatively small num-
ber of participants (n = 433 for SCH and 5359 for euthyroidism)
and, therefore, need to be interpreted with caution. No analysis
could be performed for prevalent and incident IHD events in the
group of studies that included only subjects older than 65 yr due
to nonavailability of data, nor for mortality in SCH groups due
to availability of data for only one study in each group (9, 20).

Duration of follow-up

In the younger than 65-yr longitudinal studies group that had
a follow-up period of more than 10 yr, incident IHD was in-
creased with an OR of 1.65 (95% CI 1.24-2.20), with no het-
erogeneity between studies (8, 14, 20). Cardiovascular mortality
was also increased with an OR of 1.37 (95% CI 1.04-1.79) (8,
13, 14, 21). Interestingly, mortality was decreased in the older
than 65-yr group studies that had follow-up data for less than 10
yr [OR 0.67 (95% CI10.48-0.92)] (7, 9, 10). No analysis could
be performed for younger than 65-yr group studies with a fol-
low-up period of less than 10 yr (6) or the older than 65-yr studies
group with a follow-up period of more than 10 yr (8) due to only
one study being available for each, respectively.

Publication bias

There was little evidence of publication bias in the studies
reporting primary outcomes, but this was difficult to interpret
due to the small number of studies included.

Unpublished data

We reanalyzed the data after excluding information from
unpublished sources (supplemental Table
2). In the younger than 65-yr studies, the

results for prevalent and incident THD re-
mained unchanged, but incident cardio-
vascular mortality became nonsignificant
[OR 1.51 (95% C10.86-2.67); P = 0.15]
in the SCH group.

Discussion

This metaanalysis, which has involved only
observational studies of unselected commu-
nity dwelling subjects, shows that SCH is
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Test for heterogeneity: Chi* = 7.77, df = 3 (P = 0.05), |F = 61 4%
Test for overall effect Z=077 (P =0.44)
Total (95% CI) 1.09 [0.84, 1.41]
Test for heterogeneity: Chi* = 14,43, df = 7 (P = 0.04)| F = 51 5%
Test for overall effect Z =065 (P=052)

associated with prevalent and incident IHD,
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FIG. 4. Forest plot of cardiovascular mortality in longitudinal studies of people with SCH and euthyroid
controls. Group 1 studies are those that included participants younger than 65 yr of age, whereas group 2
studies are those that only included participants 65 yr or older. The overall incidence of mortality was not
significantly higher in SCH participants, but the studies were heterogeneous, with an |12 of 51.5% (P =
0.04). Dividing the studies according to age group substantially reduced the heterogeneity of group 1 and
shows that the increased IHD/cardiovascular mortality is confined to the group 1 studies.

as well as IHD mortality only in the studies
that included participants younger than 65
yr of age. Importantly, studies stratified by
age show little heterogeneity when either
group is analyzed separately but become sig-
nificantly heterogeneous when the two age
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groups are combined. Thus, age appears to be a key variable in
explaining the differences of the reported outcome of SCH in the
various published studies.

The striking effect of age on vascular risk that we observe in
subjects with SCH may be explained in a variety of ways. First,
itis possible that at a younger age, SCH has a more severe patho-
physiological effect, resulting in accelerated vascular disease,
perhaps through dyslipidemia, endothelial dysfunction, or a di-
rect effect on the myocardium in a proportion of susceptible
individuals. As populations age, subjects that are relatively re-
sistant to the adverse vascular effects of SCH may survive, lead-
ing to an attenuation of this effectin older age. Differential effects
of other vascular risk factors during aging are well recognized,
e.g. being overweight does not appear to carry the same health
implications in advanced age (35). An alternative explanation is
that SCH is contributing equally to vascular risk at all ages, but
in the more elderly cohorts, there is a relatively larger component
from conventional, non-SCH, vascular risk factors and that the
effects of SCH are relatively masked by the larger contribution from
other risk factors. The existing studies may simply not have enough
power to detecta relatively small contribution to vascular risk in this
age group. Another possibility is that “medicalization” of people
with SCH encourages them to report more IHD symptoms or access
more investigation. The final possibility is that our findings repre-
sent a false-positive result due to stochastic factors. We feel this
latter is extremely unlikely, given that the effect of age is reproduced
in different data sets and for the related outcomes of prevalent ITHD,
incident THD and IHD mortality.

The broad results obtained by this investigation are similar to
three other metaanalyses that have examined the association of
IHD with SCH (15, 36, 37). However, this metaanalysis has used
stringent selection criteria, reduced bias by two authors inde-
pendently extracting data, and included additional published
and unpublished data. The age-dependent outcome of SCH has
been commented on previously but never investigated system-
atically (17, 38, 39). In this metaanalysis we have explored var-
ious subgroups of study design and participant demographics to
investigate the reason for the differences in results among the
various original studies. This has led to robust confirmation of
the hypothesis that the age of the cohort studied has an important
bearing on the relative influence of SCH on IHD prevalence,
incidence, and outcome. From our analysis the prevalence of
IHD appears to be similar in both men and women with SCH;
however, this achieves statistical significance only in women
probably due to a greater power to detect this association.

Our metaanalysis of the literature has several limitations. It
was limited to studies reported in English. We also excluded
several case-control, hospital-based, and nursing home studies to
limit bias. The greatest proviso is the heterogeneous nature of the
different studies, which we have tried to reduce by using a ran-
dom effects model, and performing subgroup and sensitivity
analyses. Still, it cannot be said with any degree of certainty that
all variation between the different studies analyzed has been ex-
plained. Combining all the individual patient data from all the
different studies and performing a priori subgroup analyses
could go some way further toward this goal. The iodine status of
participants in the different studies is unknown, but all studies
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analyzed were performed in iodine-replete areas. All studies clas-
sified participants into different thyroid status categories based
on measurement of thyroid function at only one time point.
Thus, a proportion of the participants may have had transient
TSH elevation (e.g. after nonthyroidal illness) to account for
abnormal results. The most extreme example of this was the
Leiden 85-Plus study (7), in which 11 of 21 elderly participants
with SCH at baseline were euthyroid at 3 yr. It should be em-
phasized that the association, that we report, between SCH and
IHD in younger individuals does not imply a causal relationship.
This can best be investigated by prospective interventional trials.

Currently, the indications for therapy of SCH in the general
population are unclear. However, there is some evidence that
adverse vascular risk factors may be ameliorated by L-T, treat-
ment (40-44). In contrast, the effect of 1-T, therapy on symp-
toms and well-being in SCH remains ill defined (40, 43, 45-49).
If therapy of SCH is to be considered on prognostic grounds, the
finding that SCH is a more marked vascular risk factor in
younger patients may have substantial implications. Several in-
dividual studies have demonstrated that SCH in advanced age
may not be associated with an adverse prognosis (7-10). Thus,
there may be an age or risk threshold, which remains to be de-
fined, above which SCH should no longer be considered for
treatment on prognostic grounds alone. Only well-powered pro-
spective randomized studies with age-stratified groups, and vas-
cular events as the primary endpoint rather than surrogate mark-
ers, will give clear answers to this complex question.

In conclusion, this study shows that SCH is associated with
increased THD risk in younger age groups. Well-designed ran-
domized controlled trials of treatment of SCH are needed to
investigate if this risk can be alleviated, but any such trial needs
to consider the age of the participants.

Acknowledgments

We thank Dr. Heather Dickinson, biostatistician, Institute of Health and
Society, Newcastle University, for her help and advice with statistics in
this study. We are extremely grateful to Dr. van den Beld, Department of
Internal Medicine, Erasmus Medical Center, Rotterdam, The Nether-
lands, and Dr. A. E. Hak, M.D., Ph.D., Departments of Epidemiology
and Biostatistics and Internal Medicine, Erasmus Medical Center, Rot-
terdam, The Netherlands, for providing us with additional unpublished
data from their respective studies.

Address all correspondence and requests for reprints to: Dr. Salman
Razvi, Consultant Endocrinologist, Queen Elizabeth Hospital, Gates-
head, NE9 6SX, United Kingdom. E-mail: salman.razvi@ghnt.nhs.uk.

Disclosure Statement: The authors have nothing to declare.

References

1. Hollowell ]G, Stachling NW, Flanders WD, Hannon WH, Gunter EW, Spencer
CA, Braverman LE 2002 Serum TSH, T(4), and thyroid antibodies in the
United States population (1988 to 1994): National Health and Nutrition Ex-
amination Survey (NHANES III). J Clin Endocrinol Metab 87:489-499

2. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC 2000 The Colorado thy-
roid disease prevalence study. Arch Intern Med 160:526-534

3. Sawin CT, Chopra D, Azizi F, Mannix JE, Bacharach P 1979 The aging thy-



J Clin Endocrinol Metab, August 2008, 93(8):2998-3007

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

roid. Increased prevalence of elevated serum thyrotropin levels in the elderly.
JAMA 242:247-250

. Chu JW, Crapo LM 2001 The treatment of subclinical hypothyroidism is

seldom necessary. J Clin Endocrinol Metab 86:4591-4599

. McDermott MT, Ridgway EC 2001 Subclinical hypothyroidism is mild thy-

roid failure and should be treated. J Clin Endocrinol Metab 86:4585-4590

. Hak AE, Pols HA, Visser T], Drexhage HA, Hofman A, Witteman JC 2000

Subclinical hypothyroidism is an independent risk factor for atherosclerosis
and myocardial infarction in elderly women: the Rotterdam Study. Ann Intern
Med 132:270-278

. Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frolich M, Westendorp

RG 2004 Thyroid status, disability and cognitive function, and survival in old
age. JAMA 292:2591-2599

. Cappola AR, Fried LP, Arnold AM, Danese MD, Kuller LH, Burke GL, Tracy

RP, Ladenson PW 2006 Thyroid status, cardiovascular risk, and mortality in
older adults. JAMA 295:1033-1041

. Rodondi N, Newman AB, Vittinghoff E, de Rekeneire N, Satterfield S, Harris

TB, Bauer DC 2005 Subclinical hypothyroidism and the risk of heart failure,
other cardiovascular events, and death. Arch Intern Med 165:2460-2466
van den Beld AW, Visser TJ, Feelders RA, Grobbee DE, Lamberts SW 2005
Thyroid hormone concentrations, disease, physical function, and mortality in
elderly men. J Clin Endocrinol Metab 90:6403-6409

Lindeman RD, Romero L], Schade DS, Wayne S, Baumgartner RN, Garry PJ
2003 Impact of subclinical hypothyroidism on serum total homocysteine con-
centrations, the prevalence of coronary heart disease (CHD), and CHD risk
factors in the New Mexico Elder Health Survey. Thyroid 13:595-600
Wilson S, Parle JV, Roberts LM, Roalfe AK, Hobbs FD, Clark P, Sheppard
MC, Gammage MD, Pattison HM, Franklyn JA 2006 Prevalence of subclinical
thyroid dysfunction and its relation to socioeconomic deprivation in the el-
derly: a community-based cross-sectional survey. J Clin Endocrinol Metab
91:4809-4816

Imaizumi M, Akahoshi M, Ichimaru S, Nakashima E, Hida A, Soda M, Usa T,
Ashizawa K, Yokoyama N, Maeda R, Nagataki S, Eguchi K 2004 Risk for
ischemic heart disease and all-cause mortality in subclinical hypothyroidism.
J Clin Endocrinol Metab 89:3365-3370

Walsh JP, Bremner AP, Bulsara MK, O’Leary P, Leedman PJ, Feddema P,
Michelangeli V 2005 Subclinical thyroid dysfunction as a risk factor for car-
diovascular disease. Arch Intern Med 165:2467-2472

. Rodondi N, Aujesky D, Vittinghoff E, Cornuz J, Bauer DC 2006 Subclinical

hypothyroidism and the risk of coronary heart disease: a meta-analysis. Am J
Med 119:541-551

Takashima N, Niwa Y, Mannami T, Tomoike H, Iwai N 2007 Character-
ization of subclinical thyroid dysfunction from cardiovascular and metabolic
viewpoints: the Suita study. Circ ] 71:191-195

Cooper DS 2004 Thyroid disease in the oldest old: the exception to the rule.
JAMA 292:2651-2654

Kvetny J, Heldgaard PE, Bladbjerg EM, Gram ] 2004 Subclinical hypothy-
roidism is associated with a low-grade inflammation, increased triglyceride
levels and predicts cardiovascular disease in males below 50 years. Clin En-
docrinol (Oxf) 61:232-238

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher
D, Becker BJ, Sipe TA, Thacker SB 2000 Meta-analysis of observational stud-
ies in epidemiology: a proposal for reporting. Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) group. JAMA 283:2008-2012
Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F,
Grimley Evans J, Rodgers H, Tunbridge F, Young ET 1996 The development
of ischemic heart disease in relation to autoimmune thyroid disease ina 20-year
follow-up study of an English community. Thyroid 6:155-160

Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA 2001 Prediction
of all-cause and cardiovascular mortality in elderly people from one low serum
thyrotropin result: a 10-year cohort study. Lancet 358:861-865

Symons MJ, Moore DT 2002 Hazard rate ratio and prospective epidemio-
logical studies. ] Clin Epidemiol 55:893-899

Lindeman RD, Schade DS, LaRue A, Romero L], Liang HC, Baumgartner RN,
Koehler KM, Garry PJ 1999 Subclinical hypothyroidism in a biethnic, urban
community. ] Am Geriatr Soc 47:703-709

Walsh JP, Bremner AP, Bulsara MK, O’Leary P, Leedman PJ, Feddema P,
Michelangeli V 2005 Thyroid dysfunction and serum lipids: a community-
based study. Clin Endocrinol (Oxf) 63:670-675

Walsh JP, Bremner AP, Bulsara MK, O’Leary P, Leedman PJ, Feddema P,
Michelangeli V 2006 Subclinical thyroid dysfunction and blood pressure: a
community-based study. Clin Endocrinol (Oxf) 65:486-491

Kanaya AM, Harris F, Volpato S, Perez-Stable EJ, Harris T, Bauer DC 2002
Association between thyroid dysfunction and total cholesterol level in an older
biracial population: the health, aging and body composition study. Arch Intern
Med 162:773-779

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

jcem.endojournals.org 3007

Volzke H, Robinson DM, Schminke U, Ludemann J, Rettig R, Felix SB, Kessler
C, John U, Meng W 2004 Thyroid function and carotid wall thickness. J Clin
Endocrinol Metab 89:2145-2149

Volzke H, Alte D, Dorr M, Wallaschofski H, John U, Felix SB, Rettig R 2006
The association between subclinical hyperthyroidism and blood pressure in a
population-based study. J Hypertens 24:1947-1953

Dorr M, Wolff B, Robinson DM, John U, Ludemann J, Meng W, Felix SB,
Volzke H 2005 The association of thyroid function with cardiac mass and left
ventricular hypertrophy. J Clin Endocrinol Metab 90:673-677

Dorr M, Robinson DM, Wallaschofski H, Schwahn C, John U, Felix SB,
Volzke H 2006 Low serum thyrotropin is associated with high plasma fibrin-
ogen. ] Clin Endocrinol Metab 91:530-534

Dorr M, Ruppert J, Robinson DM, Kors JA, Felix SB, Volzke H 2006 The
relation of thyroid function and ventricular repolarization: decreased serum
thyrotropin levels are associated with short rate-adjusted QT intervals. J Clin
Endocrinol Metab 91:4938-4942

Hollis S, Campbell F 1999 What is meant by intention to treat analysis? Survey
of published randomised controlled trials. BM]J 319:670-674

DerSimonian R, Laird N 1986 Meta-analysis in clinical trials. Control Clin
Trials 7:177-188

Tunbridge WM, Evered DC, Hall R, Appleton D, Brewis M, Clark F, Evans
JG, YoungE, Bird T, Smith PA 1977 Lipid profiles and cardiovascular disease
in the Whickham area with particular reference to thyroid failure. Clin En-
docrinol (Oxf) 7:495-508

Elia M 2001 Obesity in the elderly. Obes Res 9(Suppl 4):2445-248S

Singh S, Duggal J, Molnar J, Maldonado F, Barsano CP, Arora R 2008 Impact
of subclinical thyroid disorders on coronary heart disease, cardiovascular and
all-cause mortality: a meta-analysis. Int J Cardiol 125:41-48

Volzke H, Schwahn C, Wallaschofski H, Dorr M 2007 Review: the association
of thyroid dysfunction with all-cause and circulatory mortality: is there a
causal relationship? J Clin Endocrinol Metab 92:2421-2429

Mariotti $ 2005 Thyroid function and aging: do serum 3,5,3'-triiodothyronine
and thyroid-stimulating hormone concentrations give the Janus response?
J Clin Endocrinol Metab 90:6735-6737

Biondi B, Cooper DS 2008 The clinical significance of subclinical thyroid
dysfunction. Endocr Rev 29:76-131

Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU 2007 The ben-
eficial effect of L-thyroxine on cardiovascular risk factors, endothelial func-
tion, and quality of life in subclinical hypothyroidism: randomized, crossover
trial. J Clin Endocrinol Metab 92:1715-1723

MonzaniF, Caraccio N, Kozakowa M, Dardano A, Vittone F, Virdis A, Taddei
S, Palombo C, Ferrannini E 2004 Effect of levothyroxine replacement on lipid
profile and intima-media thickness in subclinical hypothyroidism: a double-
blind, placebo- controlled study. J Clin Endocrinol Metab 89:2099-2106
Caraccio N, Ferrannini E, Monzani F 2002 Lipoprotein profile in subclinical
hypothyroidism: response to levothyroxine replacement, a randomized pla-
cebo-controlled study. J Clin Endocrinol Metab 87:1533-1538

Meier C, Staub JJ, Roth CB, Guglielmetti M, Kunz M, Miserez AR, Drewe J,
Huber P, Herzog R, Muller B 2001 TSH-controlled L-thyroxine therapy re-
duces cholesterol levels and clinical symptoms in subclinical hypothyroidism:
a double blind, placebo-controlled trial (Basel Thyroid Study). J Clin Endo-
crinol Metab 86:4860-4866

Igbal A, Jorde R, Figenschau Y 2006 Serum lipid levels in relation to serum
thyroid-stimulating hormone and the effect of thyroxine treatment on serum
lipid levels in subjects with subclinical hypothyroidism: the Tromso Study.
J Intern Med 260:53-61

Nystrom E, Caidahl K, Fager G, Wikkelso C, Lundberg PA, Lindstedt G 1988
A double-blind cross-over 12-month study of L-thyroxine treatment of women
with ‘subclinical’ hypothyroidism. Clin Endocrinol (Oxf) 29:63-75

Cooper DS, Halpern R, Wood LC, Levin AA, Ridgway EC 1984 L-Thyroxine
therapy in subclinical hypothyroidism. A double-blind, placebo-controlled
trial. Ann Intern Med 101:18-24

Jaeschke R, Guyatt G, Gerstein H, Patterson C, Molloy W, Cook D, Harper
S, Griffith L, Carbotte R 1996 Does treatment with L-thyroxine influence
health status in middle-aged and older adults with subclinical hypothyroidism?
J Gen Intern Med 11:744-749

Kong WM, Sheikh MH, Lumb PJ, Naoumova RP, Freedman DB, Crook M,
Dore CJ, Finer N 2002 A 6-month randomized trial of thyroxine treatment in
women with mild subclinical hypothyroidism. Am J Med [Errata (2002) 113:
264 and (2002) 113:442] 112:348-354

Jorde R, Waterloo K, Storhaug H, Nyrnes A, Sundsfjord J, Jenssen TG 2006
Neuropsychological function and symptoms in subjects with subclinical hy-
pothyroidism and the effect of thyroxine treatment. J Clin Endocrinol Metab
91:145-153



