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The basal body temperature (BBT) curve and the estimated time of ovulation, 
defined by the onset of gonadotropin preovulatory discharge, were analyzed in 38 
spontaneous cycles. The BBT nadir was usually located at the beginning of the 
luteinizing hormone surge, and the first high point was 8 hours after ovulation, which 
was itself usually at the time when the temperature passed 37> C. This temperature 
rise was related to the increases in plasma progesterone and 17 -hydroxyprogesterone 
with 24 to 36 hours' delay. The BBT was found to be an unreliable technique for 
precise ovulation timing but would be of use if the clinical precision required for the 
diagnosis of ovulation were less. Fertil Steril41 :254, 1984 

The relationship between the basal body tem
perature (BBT) curve and ovulation has previous
ly been studied by numerous authors. However, 
mostl-6 used the midcycle luteinizing hormone 
(LH) peak as a reference for the hypophyseal ovu-
1atory discharge. Some authors7 , 8 have also used 
the increase in plasma progesterone (P). Since LH 
is secreted in a pulsatile manner, and plasma 
determinations are subject to relatively large 
daily variations, dependence upon single daily 
determinations of LHl -5 makes precise determi
nation of the time of ovulation difficult. Further
more, the LH peak (Le., the highest LH concen
tration observed) precedes ovulation by a rela
tively variable period (12 to 24 hours on aver-
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age)9, 10 and may even follow ovulation,l1 al
though in this latter case the use of histologic 
criteria for dating would not be very reliable 
either. 

The establishment of an in vitro fertilization 
program has enabled, from the multiple daily 
blood samples, the definition of the LH surge-ini
tiating rise (LH-SIR), 12 a precise threshold corre
sponding to the start of the LH surge occurring 38 
± 1 hours before ovulation.13 This improvement 
in the precision of dating ovulation has permitted 
refinement of the study of the relationships be
tween the BBT and ovulation. 

MATERIALS AND METHODS 

Between May 1979 and April 1981, 62 women 
between 24 and 40 years of age were admitted to 
the hospital during 77 cycles for either an in vitro 
fertilization attempt or a sterility evaluation. All 
were volunteers. Thirty-eight cycles from 33 
women were retained for study after selection ac-
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Table 1. Time Lapse from Nadir and FHP to ETO 

Time (hours) in relation to ETO (time 0) 

Thermal No. of Before ovulation 
points patients 

72--60 60-48 48--36 36-24 

Nadir 27 2 5 5 5 
FHP 32 2 

cording to the following criteria: (1) regular cycles 
with no hormonal disturbances; (2) no hormonal 
stimulation in the studied cycle; (3) a sufficient 
period of hospitalization; (4) complete BBT rec
ords; and (5) no hyperthermia of> 37.5° C. 

During their hospitalization, the women mea
sured their rectal temperatures at 7:00 A.M.; and 
to enable precise prediction of the estimated time 
of ovulation (ETO), four blood samples were tak
en daily. These samples were assayed for LH, 
follicle-stimulating hormone, 17f3-estradiol (E2), 

P, and 17-hydroxyprogesterone (17-0HP) accord
ing to previously described methods. 14 

The LH determinations enabled calculation of 
the LH-SIR according to previous descriptions. 12 

Briefly, each value is compared with the mean of 
the four previous values, whch are taken as the 
basal level. The existence of an LH surge is de
fined as when one value exceeds 180% of the base
line, and the LH-SIR is defined as the point where 
the LH plot crosses 180% of the baseline limit. 

The points of the BBT curve considered were 
the nadir, defined as the last low point before the 
temperature rise, and the first high point (FHP), 
defined as the first point of ~ 37° C following the 
nadir. These points were determined with no 
prior knowledge of the LH-SIR and1phen related 
to the presumed time of ovulation. 

STATISTICAL ANALYSIS 

Mean values and their associated standard de
viations (SDs) were compared using Student's 
t-test or, in the absence of normal distributions, 
the Wilcoxon test, if necessary, on paired series 'of 
data. The relationships between the timing of the 
various events were assessed by both simple and 
partial correlation coefficients. The ETO was used 
as the time of ovulation (i.e., 38 hours after the 
LH-SIR), and not the time of follicular puncture. 

RESULTS 

Of the 38 BBT charts studied, 5 (13.2%) were 
uninterpretable because they were monophasic. 
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The nadir was definable in 27 of the remaining 33 
cases; fluctuations prohibited its precise defini
tion in the remaining 6 cases. The nadir occurred 
between 72 hours before and 12 hours after ovula
tion (Table 1). In 95% of cases it occurred within 
66 hours before ovulation, and in 70.4% within 48 
hours. On average, the nadir occurred 33 hours, 
41 minutes ± 19 hours, 12 minutes (mean ± SD) 
before ovulation. 

The FHP was definable in 32 of 33 cases, the 
BBT always being 37° C in the remaining case, 
and occurred in the range 36 hours before to 48 
hours after ovulation (Table 1), with 95% of cases 
in the range - 30 to + 42 hours, and 75% within 
- 24 to + 24 hours of ovulation. On average, the 
FHP occurred 8 hours, 15 minutes ± 16 hours, 30 
minutes (mean ± SD) after ovulation. 

The ETO occurred, on average, at 15.17 ± 1.99 
(SD) days after the first day of the menstrual 
cycle. Figure 1 shows the temperatures observed 
grouped into 12-hour periods in relation to time 0, 
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Pattern of BBT, plasma P, 17-0HP, and E2 during the peri
ovulatory period (mean ± standard error of the mean). Levels 
of significance: a, not significant; c, e, g, P < 0.05; h, i, P < 
0.02; b, d, f, P < 0.01. 
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corresponding to the ETO. From this figure it 
may be concluded that the BBT is very stable 
until 12 hours before ovulation and then rises, 
this increase becoming significant in the first 12 
hours after ovulation. The BBT plateau then re
mained very stable for at least 2 days after ovula
tion. The rise to 37° C occurred at the time of 
ovulation, with the ETO occurring in 90% of cases 
(28 of 31) during the temperature rise, in only two 
cases after the BBT had reached its highest point, 
and in only one case before this rise (during the 
preceding 12 hours). 

Each of the points on the BBT curve appeared 
to be closely related to ovulation (Table 2). How
ever, study of the partial correlations showed that 
only the FHP was significantly related to the 
ETO, and that the relationship between the nadir 
and FHP explained that existing a priori between 
the nadir and ovulation. 

The length of the follicular phase is related 
neither to the intervals between the nadir and 
FHP and ovulation, (respective correlation coeffi
cients: r = -0.17 [not significant (NS)] and r = 
- 0.29 [NS]) nor to the duration or extent of the 
thermal rise (respective correlation coefficients: r 
= 0.09 [NS] and r = - 0.10 [NS]). 

Plasma P (Fig. 1) was practically undetectable 
until 36 hours before ovulation when its concen
tration increased, becoming significant during 
the 24-hour period before ovulation. The plasma 
concentration of 17-0HP increased earlier, hav
ing already reached 0.6 ng/ml at 60 hours before 
ovulation. Plasma E2 concentrations increased up 
until 36 hours before ovulation, the rise becoming 
significant between 72 and 48 hours before ovula
tion (two-way analysis of variance) before de
creasing. 

No endocrine data were available after ovula
tion, because the subjects were hospitalized for 
therapeutic reasons: the daily multiple blood 
samples, necessary for the prediction of ovulation, 
could not be continued after the laparoscopy. 

Table 3 shows the correlations between the hor
monal data and the BBT from 0 to 60 hours later. 
There were never any correlations between the 
BBT and E2, although significant correlations 
were found between the P and 17-0HP concentra
tionsand the BBT for 24 and 36 hours (correla
tion coefficients, 0.49 and 0.42 for P and 0.32 and 
0.49 for 17-0HP, respectively). 

DISCUSSION 

Determination of the onset of the LH surge as 
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possible by using the LH-SIR is the sole means 
whereby the precise time of ovulation may be 
predicted well in advance. Its use has permitted 
accurate study of the relationships between the 
BBT and biologic phenomena associated with 
ovulation. 

The relationship between the BBT nadir and 
the preovulatory LH surge has already been dem-
0nstrated by numerous authors: the LH peak is 
most frequently detected either on the day of the 
nadir1, 15 or during the subsequent 24 hours.3, 4 
However, most authors used only single daily 
blood samples for determining the LH peak; and, 
furthermore, all used the actual peak, which is 
known to occur at a fairly variable time before 
ovulation.9, 10 Hilgers and Bailey7 found that the 
nadir only preceded ovulation by 0.32 days, but 
they used as their criterion of ovulation the early 
rise in P concentration. Use of the LH-SIR has 
enabled a reduction in the variability ofthe BBTI 
ovulation relationship by precisely locating the 
latter aspect, while the former has remained sub
ject to a 24-hour variability. The present study 
has also permitted better confirmation that the 
nadir occurs at the time of the LH surge, because 
it precedes ovulation by 33 hours and the LH-SIR 
precedes it by 38 hours. The nadir occurs in the 48 
hours preceding the ETO in 71 % of cases. These 
figures are close to those produced by the World 
Health Organization.ll 

The rise in BBT has long been related with 
ovulation itself.16 However, Moghissi et al.,4 us
ing single daily samples, showed that the rise in 
BBTcommenced close to the time of the LH peak, 
becoming significant only 48 hours later, i.e., 
shortly after ovulation. Hilgers and Bailey 7 re
ported that the BBT point preceding that at 
which the temperature exceeded the upper limit 
of the follicular phase values was located 0.5 days 
before ovulation (defined by the increase in P con
centration). Furthermore, the use of a precise 
threshold has enabled clear demonstration that 
ovulation occurs, on average, 2 hours before the 
BBT reaches 37° C, and that only the FHP is 
significantly correlated with ovulation when the 
partial correlations are considered. Admittedly, 
ovulation detected by ultrasonography has been 
shown to occur before the BBT rise in 78% of 
cases,17 but ultrasonography performed shortly 
before ovulation appears to be capable of provok
ing precocious follicular rupture. 18 

The rise in BBT is probably related to the ac
tion ofP, as has been demonstrated experimental-
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Table 2. Correlation Coefficients Between the Days of Ovulation, Nadir, and FHP'" 

Day of ovulation Day of nadir Day ofFHP 

SC PC SC PC SC PC 

Day of ovulation 1 1 0.88 0.22 NSb 0.92 0.60 
Day of nadir 1 1 0.92 0.60 
Day ofFHP 1 1 

aDays are referred to as the first day of the last menstrual cycle; SC, simple correlation coefficient;. PC, partial correlation 
coefficient; n = 22. 

°Not significant. 

ly by numerous authors. 19, 20 Similarly, Davis 
and Fug021 have shown a relationship between 
the BBT and urinary pregnanediol concentra
tions. However, this physiologic process is not 
immediate, because increases in the plasma P 
and 17 -OHP concentrations are measurable be
fore the BBT rise, 24 to 48 hours before ovula
tion,22 or at the time of the LH peak.n, 15,23 In 
addition, Ross et al. 23 also found that the increase 
in plasma 17-0HP slightly preceded that of P. 
With the LH-SIR it has been shown that P in
creases about 24 hours before ovulation, and that 
17-0HP, already detectable 60 hours before the 
ETO, also increases during the last 36 hours be
fore ovulation. This 12-hour difference between 
these two hormonal changes has been described 
elsewhere.14 However, the BBT appears to be re
lated to the concentrations of 17 -OHP and P, with 
delays of 36 and 24 hours, respectively (Table 3), 
confirming the earlier experimental findings of 
Israel and Schneller. 19 This difference is certain
ly related to the indirect nature of the action ofP, 
being mediated by the release of noradrenalin 
stored in synaptic vesicles in the hypothalamic 
temperature regulation center (this storage being 
due to the influence of estrogens during the first 
half of the cycle).24 

However, in spite of the physiologic interest of 
these relationships between biologic data and the 
BBT, the practical use of the BBT is less simple 

and is dependent upon the precision with which 
one needs to define the time of ovulation. If it is 
necessary to predict an accurate date (e.g., for a 
mature oocyte recovery), or to be a little less pre
cise (e.g., for an artificial insemination), the BBT 
is very unreliable for three principal reasons: (1) 
There is a large variation in the interval between 
each of the recognizable points on the BBT chart 
and ovulation, 4 days in the present study, but up 
to 8 days in some other studies. 1, 3, 7 (2) A 48-hour 
period is necessary for confirmation of a BBT cri
terion because ofa large proportion of false nadirs 
and FHPs (27% and 30%, respectively, in the 
present study). The nadir is a poor predictive cri
terion: it falls in the peri ovulatory period in only 
26% of cases and within 24 hours of ovulation 
(corresponding to the estimated fertilizability du
ration) in 37% of cases. Using the FHP, ovulation 
would have occurred more than 24 hours previ
ously in 94% of cases (78% of cases if the confir
mation period was 24 hours only). (3) BBT charts 
are sometimes difficult to interpret, either be
cause of fluctuations (16% of cases for the nadir in 
the present study or 18% of cases according to 
Morris et al. 1) or because of a monophasic ap
pearance (in 1. 7% of cases according to Marsha1l6 ) 

which might both be compatible with an ovula
tory cycle in 3% to 30% of cases,5, 7, 8 or because of 
missing points, or because of hyperthermia of al
ternative causation. 

Table 3. Correlation Coefficients Between Plasma P, 17 -OHP, and E2 Levels, Respectively, and BBT Observed from 0 to 60 Hours 
After Sampling Time 

Hormone 
Time interval from sampling time to basal temperature measurement 

-6, +6 6, 18 18,30 30,42 42,54 54,66 

17-0HP -0.13 (44)a 0.04 (35) 0.32b (44) 0.4ge (32) . 0.26 (42) -0.08 (30) 
P -0.03 (44) 0.11 (35) 0.4ge (45) 0.42e (34) 0.32b (44) 0.14 (31) 
E2 0.15 (95) 0.07 (lOll -0.08 (105) 0.17 (94) 0.15 (100) 0.04 (96) 

aNumbers in parentheses represent the numbers of couples hormone level-BBT available for calculation of each correlation 
coefficient. 

bp < 0.05. 
ep < 0.01. 
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Such poor reliability has been reported by Bau
man,2 who found that only 22% of BBT assess
ments corresponded to within 1 day ofthe biologic 
phenomena, and by Buxton and Engle,25 who 
found at laparoscopies performed on the first day 
of the BBT rise that in one third of cases ovula
tion had already occurred more than 24 hours 
earlier. The BBT is therefore a difficult method 
for the accurate prediction of ovulation. 

However, with regard to artificial insemination 
with donor semen, use of the BBT, in spite of the 
imprecision of its relationship to ovulation, does 
provide an acceptable level of success, which falls 
from 20% when the artificial insemination by do
nor is performed 3 days before the nadir to 9% 2 
days after it.26 Newill and Katz27 have reported 
that of 110 pregnancies ensuing from single in
seminations, none occurred when insemination 
took place more than 48 hours after the achieve
ment of the hyperthermic plateau, and that most 
pregnancies resulted from inseminations per
formed on the evening before the BBT rise. 

Finally, there is the matter of ovulation con
firmation; 2 or 3 days after ovulation, the BBT 
would seem to be of use. In 80% of cases, diagnosis 
of an ovulatory cycle is correct,3 and in the pres
ent study the existence of a third point ~ 37° C 
indicated, in all cases, that ovulation had oc
curred at least 12 hours before. The achievement 
of a BBT of 37° C might therefore be used in 
natural family planning for the confirmation of 
ovulation, although its long-term use by all wom
en would not be practicable without an apprecia
ble number of failures or dropouts.28 
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