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REED, H. LESTER, JORGE A. FERREIRO, K. M. MOHAMED an in vivo model, but also because of their known impor-
SHAKIR, KENNETH D. BURMAN, AND JOHN T, O'BRIAN. Pitui- tance in regulating thermogenesis.
tary and peripheral hormone responses to Ta administration Humans repeatedly exposed to a cold environment
during Antarctic residence. Am. J. Physiol. 254 (Endocrinol. develop characteristic physiological changes, which some
Metab. 17): E733-E739, 1988. --Very little is known regarding authors have called adaptive (21). However, earlier stud-
hormonal adaptation in human subjects who are exposed to the
extremes of temperature and light that are found in polar ies have not established consistent serum hormonal
latitudes. We have previously reported a 50% elevation in the changes that correlate with these known physiological
serum thyrotropin (TSH) response to thyrotropin-releasing differences. One possible explanation for these conflict-
hormone (TRH), a fall in serum total triiodothyronine (T) and ing results to date has been the application of widely
free T, (fT:,), and no change in serum total thyroxine (T,) or disparate stimuli. Ambient temperature, altitude, dura-
free T4 (fT4) after 42 wk of Antarctic cold exposure. To differ- tion, and interval between cold exposures, age, nutri-
entiate between central and peripheral mechanisms that may tional state, clothing, and physical activity all differ in
lead to these changes, we report the effect of sequentially these various reports.
increasing oral doses of T:1 (Cytomel) on serum T, and fMI We have previously reported a cohort of euthyroid
levels and on the resultant attenuation of the TSH response to
TRH in nine men before, during, and after 42 wk residence in human males exposed to an intermittent cold stimulus

Antarctica. Serum T, values basally and following the admin- of known duration; an 11-mo sojourn (1980-1981) on the
istration of 25, 50, and 75 ag/day of T, were lower after 42 wk Antarctic continent. These subjects were studied before,
of cold exposure (151 ± 4, 160 ± 8, 189 ± 10, and 222 ± 14 ng/ during, and after 42 wk of continuous Antarctic resi-
dl, respectively, compared with control values of 160 + 7, 178 dence. We described in this group, a 50% elevation in
± 7, 202 ± 9, and 251 ± 19 ng/dl, respectively, P < 0.05). the plasma thyrotropin (TSH) response to thyrotropin-
Likewise, the fT. values measured after these three increasing releasing hormone (TRH), a fall in serum total 3,5,3'-
T:, doses were also lower after 42 wk of cold exposure)'The triiodothyronine (T:,) and free T: (fT:), and no change
pituitary response to TRH was attenuated by each T., regimen in serum total thyroxine (T4) or free T4 (fT4) during the
(48 ± 6, 68 ± 4, and 77 ± 4% decreases in the control period), Antarctic cold exposure (27). We feel that this constel-
and this suppression was not different after 20 and 42 wk of
Antarctic residence. Serum T, and fT4 values were similar lation of thyroid hormone values represents an environ-

throughout the study. We conclude that the pituitary sensitivity mentally associated and as yet poorly understood change
to T:, was unchanged during the study and that changes in TSH in thyroid hormone economy. We believe this model is
responsiveness and serum T, levels were likely due to changes distinctly different than the changes observed during
in peripheral T, metabolism., starvation (4, 12), overfeeding (6), depression (7, 20), or

the euthyroid sick syndrome (40). Konno et al. (18) have
thyrotropin; thyrotropin-releasing hormone; 3,5,3'-triiodothy- described a group of hypothyroid patients maintained on
ronine; cold adaptation fixed doses of thyroxine who demonstrated an augmen-

tation of the TSH response to TRH during the Japanese
winter. However, we know of no euthyroid human studies

EUTHERMIC MAMMALS are uniquely characterized by that have prospectively measured the serum dose-re-
their ability to maintain a constant core temperature sponse curve to oral T, or T4 administration and the
despite variations in climatic conditions. Among other pituitary sensitivity to these hormones before and after
factors, mammalian nonshivering thermogenesis is prolonged cold exposure. We now report a different co-
thought to be regulated by iodothyronines (11, 38), glu- hort, age and sex matched with our original subject
cocorticoids (8), catecholamines (1, 19, 25), opioid pep- population and who lived at the same Antarctic base
tides (29), glucagon (34), hypothalamic neuronal effer- under similar environmental conditions in a later calen-
ents (14), and brown adipose tissue (3, 13). Adaptive dar year (1982-1983), to further define the mechanisms
responses of serum iodothyronines to a decline in envi- that may account for our earlier observations. Possible
ronmental temperature have received a great deal of explanations of these previous findings might include
attention, not only because they can be easily studied in either an increased clearance of T,, a decreased produc-
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tion of T3, or an altered sensitivity of the hypothalamic 2S
pituitary axis to endogenous T,. We thus prospectively 22 ,-
studied the responses to increasing doses of orally ad- W
ministered triiodothyronine (Cytomel, Smith Kline & U
French, Philadelphia, PA) of both serum T3 and fr 3, and
the suppression of the TSH response to TRH before, Z V
during, and at the completion of 42 wk of continuous ,- *
Antarctic residence.

* .11
MATERIALS AND METHODS =

Nine healthy Caucasian males (25 _t 1 yr), members i
of the 1982-1983 annual winter-over party at McMurdo .z,
Sound, Antarctica, were studied under varying climatic I
conditions, with each subject serving as his own control.
Informed consent was obtained from all participants. All , ,..
volunteers were within the height and weight standards U ur mci iC c A Fig 00 AP MA m =y .m 6 U

for US Navy personnel during the entire period of the mm acm DATE
study. The mean ± SE body weights of the subjects DATE
before and after the study (81 ± 4 kg and 82 ± 4 kg, FIG. 1. Minimum ambient temperature (0) is shown for sampling
respectively) were not different. periods in Port Hueneme, CA, and McMurdo, Antarctica.

The basal diet consisted of 2,000-2,500 kcalories
(kcal), with -40% as carbohydrate, 35% as protein, and 12.5, 12.5, 12.5, and 12.5 ug. Doses were administered at
25% as fat. During the Antarctic residence, the calories 1000, 1400, 1800, 2200, and 0200 during the 3-day period.
consumed per subject increased to 3,000-3,500 kcal/day, Pill boxes were collected and pills were counted to assure
but the relative contributions from carbohydrate, pro- compliance with the protocol. This dosing interval was
tein, and fat remained the same. used to optimize the balance between near steady-state

Basal and dynamic thyroid function testing were per- T3 serum levels, a minimum of sleep deprivation (26),
formed in September, 1982, during mission training in and maximal TSH suppression (41) as well as to allow
Port Hueneme, CA (i.e., at sea level and with average comparison with similar dosing intervals previously pub-
temperature of 20 ± 5°C). The subjects were then trans- lished by our laboratory (4). Basally, before Cytomel,
ported to McMurdo Sound, Antarctica, for duty. Thyroid serum was collected for T3, and a TSH stimulation test
testing was repeated at the completion of the austral was carried out. At each dose level (25, 50, and 75 Mg/
summer (March of 1983), after 20 wk of exposure, and day), serum was collected at 0800 for T3, fr 3, and TSH,
again at the end of the austral winter (August of 1983), and a TRH stimulation test was performed. The TSH
after a total of 42 continuous wk of exposure. response to TRH was carried out in nonfasted subjects

Each subject wore standard military polar clothing at 0800 on each of the 3 days by measuring the initial
during outdoor activity; however, the face and hands serum TSH value and the value at 15, 30, 45, and 60 min
were often exposed with this uniform. The subjects were after the bolus intravenous administration of 250 Ag of
similar with regard to the amount of out-of-door expo- TRH (17, 31, 12). The integrated TSH response to TRH
sure each experienced throughout the study (2.8 ± 0.7 h/ was expressed using Simpson's approximation for dis-
day). Because of the physical nature of the base, each crete intervals. All similar hormone samples were coas-
subject was exposed not <0.25 h/day on two separate sayed.
occasions during each of 294 days of the study, thus Serum T 4 (normal 5.3-10.5 gg/dl) and T3 (normal 80-
serving as a model of multiple repeated environmental 204 ng/dl) were measured commercially by radio-
exposures. Ambient temperature was recorded during immunoassay (RIA) performed by Nichols Institute (Los
each evaluation period (Fig. 1). Each subject's cold ex- Angeles, CA). Serum fT 4 (normal 1.3-3.8 ng/dl) and fr,
posure time per 24 h was also recorded and correlated to (normal 260-480 pg/dl) levels, measured by dialysis tech-
the observed hormonal changes. Indoor fluorescent light- nique, were also determined by Nichols Institute. Serum
ing was used during the austral winter months, and all TSH was measured by RIA (normal 1.5-6 MIU/ml);
eight subjects maintained routine 8-h sleep/wake pat- Kallsted Laboratories, Austin, TX). The lower limit of
terns, with an indoor temperature of 15.5-20.0°C. the TSH assay was 1.5 IU/ml. The T., resin uptake was

At each study period (warm control, 20 and 42 wk), measured by solid-phase 25I radioassay (Diagnostic
subjects underwent basal measurements of serum T4 , Products, Los Angeles, CA). The "normalized" free T4
fT4 , T3, T., resin uptake (T 3RU), TSH, and TSH response index was calculated as the T3 resin uptake value divided
to TRH. At each study period, after obtaining basal by a normal pool T 3 resin uptake (0.35) and then multi-
samples, the subjects were administered sequentially in- plied by the total T4.
creasing doses of T3 at levels of 25, 50, and 75 ug/day Statistical analysis was performed by using analysis of
respectively, on 3 successive days. The 25-g/day dose of variance with repeated measures and Duncan's multiple-
Tq was divided into five doses of 5 Mg; the 50-g/day dose range test for differences between means (Statpak ver-
was divided into five doses of 12.5, 12.5, 10, 10, and 5 ug; sion 4.1, Northwest Analytical, Portland, OR). Genera-
and the 75-Mug/day dose was divided into five doses of 25, tion of three single variable regression curves (one con-



THYROID FUNCTION IN ANTARCTICA E735

trol, one at 20 wk, and one at 42 wk) of the serum Tj, analysis of variance with two repeated measures (P -

response to incremental doses of T 3 produced the family 0.009).
of T3 dose-response curves shown in Fig. 3. Comparisons
between the curves were done by two-way analysis of T,3/T4 Ratio (Table 1)
variance with two repeated measures.

The T3/T 4 ratio measured at each seasonal interval
RESULTS (control, 20 and 42 wk of exposure) before the adminis-

tration of oral T3 was unchanged 25.6 ± 1.6 x 10- 3, 25.6
Serum T4 and fT 4 (Table 1) ± 2.0 ( 10 -3 , and 24.1 ± 1.1 X 10', respectively.

The mean ± SE T 4 value of 6.0 ± 0.4 g/dl obtained
after 20 wk of exposure and the T4 value of 6.3 ± 0.3 "g/ TSH Response to TRH (Fig. 5)
dl after 42 wk of exposure were not different than the Basal: without oral T3 administration. Static TSH
control T4 of 6.4 ± 0.4 ug/dl measured in a warm climate, serum levels, after 20 and 42 wk of cold exposure, were
The fT 4 remained unchanged after 20 and 42 wk of 2.9 ± 0.4 and 2.2 ± 0.3 gIU/ml, respectively, and these
exposure (1.7 ± 0.1 and 1.9 ± 0.1 ng/dl, respectively), values were not statistically different than the warm
when these were compared with a control value of 2.0 ± control basal value of 2.1 ± 0.3 tIU/ml. However, the
0.1 ng/dl. integrated TSH response to TRH markedly increased

from a control value of 502 ± 77 to 699 ± 70 IU .min'.
T3 RU and fT 4 Index (Table 1) m1-1 after 20 wk, and this value remained elevated with

The T3RU increased slightly throughout the observa- a value of 688 ± 67 jiIU.min-'.ml' after 42 wk of
tion period, from a control value of 31.2 ± 1.0% to a Antarctic residence (P < 0.01). The mean (±SE) paired
value of 33.9 ± 0.8% after 42 wk of cold exposure (P < increases of the TSH response over control non-T3 -
0.05). There were no differences between the values treated values were 54 ± 14 and 52 ± 14% after 20 and
obtained after 20 and 42 wk of polar living. The free T4  42 wk, respectively.
index (fT41) remained unchanged through the study After oral T3 administration (Fig. 5). The TSH re-
period, sponse was equally attenuated by oral T3 both before and

after cold exposure. The absolute integrated TSH re-
sponse values during suppression with 25, 50, and 75 Mg!

Serum T, (Table 2, Figs. 2 and 3) day ofT 3 remained higher when measured after 20 wk of
The serum T 3 values, measured basally and after each exposure (386 ± 33, 183 + 15, 121 ± 10 IU.min' .ml-')

incremental dose of oral T3, were lower after 20 (P = compared with warm climate control values of 134 ± 24,
0.01) and 42 (P = 0.05) wk compared with control values 140 ± 14, 96 ± 4 glU. min'. ml-' (Fig. 5). The absolute
by two-way analysis of variance with two repeated meas- TSH response values after 42 wk (373 ± 50, 191 ± 20,
ures (P = 0.03), when all doses and dates are combined. 117 ± 8 UIU . min' .ml-', respectively) remained elevated

above warm climate controls (P < 0.05) but were not
Serum fT3 (Table Z, Fig. 4) different than corresponding values obtained after 20 wk

of exposure. However, the mean percentage suppression
The serum fT3 after T3 administration tended to de- of the TSH response in our subjects at each dose level of

cline after 20 wk; however, this change was not statisti- T3 was not different either before or after cold exposure.
cally significant. The fT3 declining trend, which contin- Before deployment, the TSH response was suppressed
ued during the measurements at 42 wk, was significantly by 48 ± 6, 68 + 4, and 77 ± 4% after respective doses of
different with respect to date when analyzed by two-way 25, 50, and 75 jg/day. These decrements did not change

TABLE 1. Serum total T4, f774, T3RU, fT 4I, and T3/T 4 without T3 during control COP

and after 20 and 42 wk of Antarctic residence
Control 20 Wk 42 Wk

Subject
No. T.. ff,. T,/T,. T3RU. fT., T41 f., T /T.. T RU. fT,1., T,. fT.. T.,/T.. T.,RLI fT41.

pg/dl ng/dl x10
-
1 % % mg/dl ng/dl xl0

-  
% % ig/dl ng/dl xl0'

-  
% %-

1 7.7 2.1 21.5 37.2 8.2 6.5 1.5 25.8 37.9 7.0 7.2 2.0 21.5 36.4 7.5
2 6.6 1.7 21.5 29.7 5.6 6.3 2.1 22.7 31.2 5.6 7.1 1.6 21.1 30.8 6.3 01
3 5.5 1.9 25.1 33.9 5.3 5.5 1.9 23.8 36.1 5.7 5.9 2.1 21.9 37.1 6.3
4 6.1 2.0 30.0 28.9 5.0 6.9 2.0 22.5 32.9 6.5 6.1 1.8 27.7 33.2 5.8
5 7.9 2.3 21.6 29.1 6.6 7.8 2.2 16.9 34.3 7.6 7.9 2.2 20.8 33.0 7.5
6 IS IS IS 33.2 IS IS IS IS IS is 6.3 2.1 22.2 IS IS
7 6.9 2.7 23.4 30.9 6.1 5.7 1.5 27.4 33.4 5.4 5.6 1.6 24.1 33.7 .A4
8 4.8 1.6 27.7 29.1 4.0 5.0 1.6 30.2 35.9 5.1 5.3 IS 29.8 32.8 5.0
9 5.7 1.7 34 0 29,' 4.8 4.3 1.1 35.3 37.6 4.6 5.6 1.6 27.9 IS IS

Means 6.4 2.0 25.6 31.2 5.7 6.0 1.7 25.6 34.9* 5.9 6.3 1.9 24.1 33.9* 6.3
± SE ±0.4 ±0.1 ±1.6 ±1.0 ±0.5 ±0.4 ±0.1 ±2.0 ±0.8 ±0.4 ±0.3 ±0.1 ±1.1 ±0.8 ±0.4 ds
T4, total thyroxine; fT,, free thyroxine; T1, total triiodothyronine; TRU, T, resin uptake; fTl, normalized free T4 index; T/T., total T,-to-

total T. ratio; IS, insufficient sample. * P < 0.05 compared with control. -10
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posits in these regions. The environments near the geo-
300 graphic poles are marked by prolonged periods of dark-

ness or sunlight and extended winters with severely cold
temperatures. Adaptive responses of serum thyroid hor-
mones in a cold environment have received considerable

6200 attention in the past, and in this paper we extend these
0" observations by measurement of the serum T3 responseE- to oral T 3 and the pituitary response to this hormone

before and after Antarctic residence.m 100Serum total and free T4 levels remained unchanged in

our study group, consistent with our earlier findings (27).
Unchanged serum levels of T4 during seasonal variation

0. 2 and during continuous cold exposure have been reported
CONTROL WEEK 20* WEEK 42* in most (17, 23) but not all (35) previous studies. How-

FIG. 2. Serum (mean ± SE) levels of total T3 without T3 0 and after ever, in hypothyroid patients on T4 replacement, Konno
25 (s), 50 (a), and 75 ug/day (a) of oral T3 measured as control in a (18) showed that serum T4 tended to be lower during the
warm climate and after 20 and 42 wk of cold exposure. * P _s 0.05
compared with control by using 2-way analysis of variance with respect Japanese winter when compared with paired summer
to treatments I (date) and 2 (dose). controls.

The serum total and free T3 values (after T3 adminis-
tration) in the present study were lower when measured
after 42 wk of cold exposure compared with basal warm

266 A climate controls, confirming our earlier description (27).
& AAL& Vining et al. (39) have published data consonant with

229- £££ our findings in an Australian Antarctic cohort. Their
AA& ON subjects had lower serum T 3 values in winter compared

1AA A with summer; however, they did not measure either fr':
1A1 ' = -  or basal values before departing for Antarctica. Dessypris

L as et al. (9) observed a lower serum total T3 in the inhabit-
15 * ants of the Arctic regions of Finland, compared with

their matched southern counterparts. In contrast to these
findings Nagata et al. (23) have reported increased levels

20 40 60 so of serum total T 3 in the natives of Kijimadaira, Japan,
T, DSE in winter compared with values obtained during a warm
megldiy summer. This group of natives, however, was poorly

FIG. 3. This figure shows a computer-derived serum dose-response clothed and lived in inadequate housing that resulted in
curve of serum T3 to oral T 3, calculated in a control climate (A) and nearly continuous cold exposure during the group's 3-mo
after 20 (9) and 42 wk of cold exposure (a). Dose response of T3 after
20 and 42 wk is different from basal (P < 0.05). winter. Our subjects varied from this group in that they

were well clothed and exposed intermittently to a cold
with the same dose of T, after 20 and 42 wk. The values environment for 11 continuous months.
were 44 ± 2, 73 ± 2, and 82 ± 2%, respectively after 20 The augmented TSH response to TRH observed in
wk, and 47 + 3, 72 ± 1, and 82 ± 2%, respectively after the present study confirms our earlier observations (27).
42 wk of Antarctic residence. The calculated dose needed This test of TSH reserve is reliably reproducible (6-12%
to suppress the TSH response by 50% is 29 ± 4 ug/day cv) in the same subjects (17, 31). An elevated nonstim-
and this dose was not different before or after 42 wk of ulated serum TSH in Antarctic residents and in the
cold exposure. residents of northern Finland has been observed (9, 39).

However, the insensitivity of our TSH assay in the low
Exposure and Diet ranges may have precluded us from detecting basal non-

Even though the amount of consumed calories in- stimulated differences. Others have not been able to
creased, there was no significant increase in body weight detect a change in the seasonal TSH response to TRH
throughout the observation period. Occupationally re- in normal subjects residing in midlatitude temperate
lated activities were similar in both the control and cold climates (17, 31). The differences between these studies
environment. All members of the party were similarly and our own are most likely a result of the severity of
exposed to the cold environment (2.8 ± 0.7 h/day). There cold environment in the polar latitudes compared with
was no correlation between an individual's mean expo- midlatitude temperate climates.
sure time per day and any hormonal changes noted The possible mechanisms to account for decreased
throughout the 42 wk of polar living, serum T, and fT levels include decreased production of

T3 (4, 40), increased metabolic clearance of T:j (2, 5, 33),
DISCUSSION and decreased absorption of oral T, after chronic cold

exposure and/or circadian variation (24). Any postulated
The population residing in the polar latitudes has mechanism must take into account a balanced T4 econ-

increased recently since the discovery of fossil fuel de- omy, because T, was unchanged.
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TABLE 2. Serum total and free T.3 with T3 administration during control
and after 20 and 42 wk of Antarctic residence

Controi 20 Wk* 42 Wk*
Subject Dose No. Dose No.t Dose No.t

0 25 50 75 0 25 50 75 0 25 50 75

Total T,,, ng/dl
I 166 218 187 228 168 201 186 237 155 161 209 206
2 142 192 229 309 143 197 240 293 150 188 244 260

3 138 156 183 217 131 150 176 179 129 139 166 184
4 183 187 233 294 155 190 272 263 169 196 193 227
5 171 173 241 341 132 175 253 318 164 184 211 312
6 151 181 195 276 148 182 204 262 140 158 198 234
7 161 167 210 219 156 162 171 197 135 148 160 200
8 133 149 174 196 151 141 166 128 158 142 154 202
9 194 176 170 180 152 116 165 144 156 125 162 174

Means ± SE 160±7 178±7 202±9 251±19 148±4 168±9 204±14 225±22 151±4 160±8 189±10 222±14

Free T,,, pg/dl
1 486 472 541 494 478 606 468 531 572
2 455 494 581 376 502 701 422 561 IS
3 395 511 610 403 463 498 350 391 482
4 449 533 659 460 647 636 418 418 525
5 IS 530 643 IS 547 764 IS 505 723
6 444 382 579 397 398 515 288 375 432
7 340 463 440 IS 407 472 IS 407 441
8 382 402 492 374 415 IS IS 367 483
9 433 340 IS 325 438 318 269 360 445

Means ± SE 423±17 459±23 568±26 404±21 477±27 564±50 369±33 435±26 513±34
Oral triiodothyronine (T.,) doses were measured in pg/day. IS, insufficient sample. * P < 0.05 compared with control; t P < 0.05 for each dose

compared with control (analysis by 2-way ANOVA with 2 repeated measures).

600-- 800 *

500--
S600-

N400-

C 300-- 400

200 0

r4 200
100 *

rn

0 COTOL WEEK 20 WEEK 42 *0

FIG. 4. Serum (mean ±SE) free T,, was measured as in Fig. 2, after 0 MCG/Day 25 MCG/Day 50 MCG/Day 75 UCG/Day
25 (a), 50 (in), and 75 Ag (9) of oral T3, * P < 0.05 compared with FIG. 5. Integrated thyrotropin (TSH) response to thyrotropin-re-
control by using 2-way analysis of variance with respect to date as a leasing hormone (mean ± SE) measured in 9 subjects before and after
treatment. 25, 50, and 75 pLg/day of T,. This response was measured in a warm

control climate (0) and after 20 (w) and 42 wk (UJ) cold exposure. There
We feel that decreased production of T., as found in was no difference between results obtained after 20 and 42 wk cold

*the sick euthyroid syndrome or during hypocaloric feed- exposure. MOG, microgram. * P < 0.05 compared with warm control

ing cannot account for our findings because serum T 3 in climate values.

our subjects was not "normalized" after oral T, admin- described.
istration (4, 16, 40). Additionally, if decreased peripheral Increased degradation of T3 and T 4 has been described
production of T:) was a significant contributing factor in in rodent models chronically exposed to cold (2, 33).
this setting, one should observe a lowering of the T3/T4  ldtyoiedsoa a eicesdb ubro
ratio and an increase in reverse T,,, neither of which has mechanisms including nonspecific hepatic induction as
been noticed in the previous group observed in this occurs with phenytoin (Dilantin) (36) or catecholamines
setting (27). Also, the increased caloric consumption seen (22) or via increased enterohepatic circulation (5). It is
in our subjects should lead to increased serum T:1 levels interesting to note that elevated plasma catecholamine
as demonstrated by Danforth et al. (6). However, the levels do occur during acute cold exposure (25). If in-
present study documented lower serum T,- levels, leading creased disposal of T3 plays a significant role in our
us to implicate other factors to explain the changes observations, we would expect to find lowered serum T,
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after administered oral T 3, a finding we describe herein. T 3 and fT 3 levels before and after oral T 3 administration
Ingbar et al. (15) suggest such a mechanism during severe implies an increased metabolic clearance of T3 and a
and prolonged human cold exposure by using iodine decreased negative feedback on TSH secretion by circu-
clearance studies, when they described increased thy- lating T3 . The specific metabolic implications of these
roidal iodide turnover in cold-exposed human subjects. findings and how they may relate to human environmen-
Also, in support of a proposed clearance mechanism, tal adaptation require further study.
Konno et al. (18) showed an augmented TSH response
to TRH and somewhat lowered serum T4 in replaced The authors thank the Naval Support Force Antarctica, the mem-

hypothyroid subjects during the Japanese winter when hers of the 1983-1984 McMurdo winter-over party for acting as sub-
jects, the National Science Foundation for support, Kathy Quinn forcompared with summer controls. Either increased pe- secretarial support, and Regina E. Hunt for editorial assistance.

ripheral disposal of T 4 or decreased T4 absorption might The opinions expressed herein are those of the authors and are not
have accounted for these observations. Similarly, Rastogi to be construed as reflecting the views of the Navy Department, Nava

et al. (30) reported increased urinary fT3 and fT 4 levels Service at large, Department of the Army, or Department of Defense.
Present address of J. A. Ferreiro: UCLA School of Medicine, Losin paired subjects studied in winter compared with sum- Angeles, CA 90024.

mer without changes in serum total T 3 or total T4, Address reprint requests to: H. L. Reed, Box 249, Naval Hospital,
suggesting either a seasonal change in the binding of Bethesda, MD 20814-5011.

these thyroid hormones and/or a small decrease in the Received 27 March 1987; accepted in final form 22 January 1988.
half-life of thyroid hormones in winter.
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