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Most reported studies of PTH and serum 25-hydroxy-
vitamin D (25OHD) show a curvilinear relationship 
between the two variables, with PTH rising steeply 
at low 25OHD values, and tending to flatten out, or 
plateau, at high 25OHD values (1, 2). Is this low pla-
teau real? Is there a threshold 25OHD value below 
which PTH rises? If so, is it important? I believe it is 
real, but of doubtful importance.
Virtually all physiological regulatory systems operate 
by means of negative feedback loops – they are what 
engineers call “error-driven systems”. Whether it be 
blood sugar regulation or extracellular fluid calcium 
concentration, organisms have evolved to function 
optimally around certain values which are canonized 
as notional setpoints (the analog of the setting of a 
thermostat in a heating system). When environmental 
or other factors lead to a departure of the regulated 
quantity from the ideal level (the “error”), physiologi-
cal responses are called into play that act to reduce 
the departure and to restore the regulated quantity 
to its setpoint level. Thus, as blood sugar rises, insulin 
secretion rises as well, with the result being that the 
blood sugar returns toward a “normal” value. So too, 
as extracellular fluid calcium ion concentration [ECF 
(Ca2+)] falls, PTH rises to counteract the fall. Various 
refinements on these control loops have been dis-
covered over many years of careful research, but the 
fundamental engineering analogy remains apt. 
One of the features of most or all such systems is 
that the evoked response is proportional to the size 
of the error. For example, a 5 mg/dl rise in blood 
sugar evokes less of an insulin response than does 
a 50 mg/dl rise. The statement that the response is 

proportional to the perturbation, when expressed 
symbolically in mathematical terms, is precisely an 
exponential relationship. Thus, to fit observed data 
derived from such a system to a decreasing expo-
nential is not so much to impose an arbitrary model 
on reality as to take our verbal description of the 
system and encode it mathematically. In this case, if 
we accept the fact that calcium absorption is propor-
tional to serum 25OHD, as many studies have sug-
gested (3-5), then low 25OHD means low calcium 
absorption, evoking a correspondingly increased 
secretion of PTH. In other words, an exponential 
relationship not only fits the data statistically, but 
conceptually as well. However in all such systems, 
when the regulated quantity [ECF (Ca2+)] is at the 
setpoint level, the regulatory factor (PTH) falls to its 
practicable minimum, i.e., it reaches a low plateau. 
Inspection of the very large series of cases assembled 
by Chapuy et al. (2) shows very clearly that, at serum 
25OHD values below ~80 nmol/l, there is a tendency 
for PTH and 25OHD to be inversely related, whereas 
above 80 nmol/l no such relationship exists. Indeed, 
separating the data into two subsets (Fig. 1), one 
above and one below 80 nmol/l, and subjecting the 
subsets to ordinary Pearsonian regression, shows that 
there is a highly significant inverse relationship for the 
values below 80, and none whatsoever for the higher 
values. PTH above 80 nmol/l has reached a plateau 
when expressed as a function of 25OHD. The most 
logical way to express the relationship for both sets 
recombined is to use a decreasing exponential, with 
the plateau being the steady state to which the ex-
ponential tends. This is what Chapuy et al. did. That 
model is logical because, as just described, that is 
how essentially all regulated quantities behave with 
respect to their control factors. 
Moreover, plotting the data as log transforms does 
not alter the fact that there is still no relationship be-
tween PTH and 25OHD for the set of values above 80 
nmol/l (while the fit for the transformed data below 
80 nmol/l is even better than for the untransformed). 
And, even if there were a mathematically demon-
strable relationship of the log-transformed values 
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for the higher 25OHD values, the verbal translation 
of any log-log relationship is simply: “PTH falls by 
ever smaller amounts as 25OHD rises by ever larger 
amounts”. In other words, the rate of change in PTH 
becomes so small as to constitute a virtual plateau. 
Thus, as a first approximation, a plateau seems the 
most parsimonious description of the PTH data 
above 25OHD values of ~80 nmol/l. 
Why do we care? Only because the lower end of the 
plateau might be taken as an indicator of the lower 
end of the normal range for serum 25OHD. But, the 
more important point is the inverse relationship be-
low ~80 nmol/l. Its recognition functioned usefully as 
a first indication that something might not be opti-
mal about vitamin D status whenever 25OHD levels 
were associated with elevated PTH concentration 
(that concern remains apt whether or not the plateau 
exists or is important). 

It must be said that the issue is somewhat more 
complicated than the glucose-insulin counterpart 
because, strictly speaking, serum PTH is not the reg-
ulated quantity in this feedback system. Rather PTH 
is a surrogate for that quantity, which may be taken 
as ECF (Ca2+). Serum PTH is a useful, if not a perfect 
surrogate. It is useful because it amplifies perturba-
tions in ECF (Ca2+) by a factor of approximately 10- 
to 50-fold, thus allowing us to “see” perturbations 
undetectable by ordinary chemical measurement 
of (Ca2+) itself. It is not perfect because its response 
saturates quickly and hence the relation of changes 
in ECF (Ca2+) to changes in PTH is non-linear. 
However, there is more at stake than just ECF (Ca2+). 
Serum PTH is also the principal regulator of the quan-
tity of bone remodeling in the body (remodeling is 
not actually regulated as a part of the control loop, 
but it is a collateral effect of such regulation). Bone 
remodeling is now recognized to be an important 
skeletal fragility factor (6). Hence high serum PTH 
heralds the presence of both inadequate calcium 
input to the system (intake and/or absorption) and 
increased bony remodeling activity – each leading in 
its own way to increased skeletal fragility.
While the earliest concerns with respect to adequacy 
of vitamin D status were raised because of the in-
verse relationship observed with PTH, other, more 
salient endpoints should be used to determine the 
actual vitamin D requirement. It is for this reason 
that the issue of a PTH plateau is today of uncertain 
importance. For example, our group has shown that 
calcium absorption efficiency from standard meals 
improves as serum 25OHD rises from 50 to approxi-
mately 80 nmol/l, but does not change appreciably 
above that level (7), i.e., absorption itself plateaus 
at 25OHD levels above 80 nmol/l. This is certainly 
a more direct indicator of vitamin D functioning, 
since it demonstrates that, below approximately 
80 nmol/l, serum 25OHD level is rate-limiting for its 
classical physiological effect (absorption) but that, 
above 80 nmol/l, circulating 25OHD is adequate 
to allow the system to regulate itself through other 
controls (thereby avoiding hyperabsorption of cal-
cium despite high levels of 25OHD). Thus, the PTH 
plateau seems congruent with vitamin D function in 
the calcium economy.
Fortuitously, parallel studies have shown that there 
is also significant fracture reduction when serum 
25OHD is raised through approximately the same 
range (i.e., 53 to 75 nmol/l) (8). This important 
benefit cannot be unambiguously attributed solely 
to improved calcium absorption or reduced PTH 
secretion, since vitamin D is known to reduce fall 
frequency (9) and to improve lower extremity mus-
cle function (10). Whatever the precise mechanism 

Fig. 1 - Redrawing of the data of Chapuy et al. (2), splitting the 
data at 25-hydroxyvitamin D (25OHD) values of 80 nmol/l. Panel 
A is for values below 80 and panel B for values above 80. For both 
panels, “b” is the slope of the linear regression equation. Copy-
right, Robert P. Heaney, 2005. Used with permission.
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of the fracture risk reduction, this improvement 
reinforces the conclusion that serum 25OHD con-
centrations below 75-80 nmol/l are suboptimal for 
health. Possibly higher values might be even more 
beneficial. We do not know. As we acquire new 
information with respect to yet other health status 
indicators influenced by vitamin D, the question 
about a PTH plateau (which would apply only to the 
calcium economy) becomes less and less pertinent. 
We may find that truly optimal levels are above 90 
or 100 nmol/l (or even higher). In any case, health, 
however defined, itself represents, a kind of plateau 
state, one that is dynamically maintained. Where it 
is reached for all body systems along the continu-
um of serum 25OHD concentrations remains one 
of the most important open questions in nutritional 
science today.
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The concept that there is a vitamin D-related plateau 
in PTH has been given much attention because of 
the desire to define some sort of objective target for 
an optimal plasma 25-hydroxyvitamin D [25(OH)D] 
level. The hope is to use the point where a threshold 
or plateau is attained as a way to define the optimal 
vitamin D intake (1, 2). The present debate is impor-
tant, because official nutrition recommendations 
carry with them medico-legal implications for the 
doses of vitamin D that can be used in clinical trials. 
If we accept the concept of a plateau in PTH just for 
the sake of expediency, this will very likely put a con-
straint on the clinical research necessary to address 
the question of whether higher doses of vitamin D 
have therapeutic or health effects. Vitamin D [with 
this we refer only to cholecalciferol (3)] is a power-
ful, yet inexpensive orphan drug that has been very 
much underestimated and overlooked by modern 
clinical medicine.
It may come as a surprise to some, that for healthy 
people, PTH correlates far better with plasma 25(OH)D 
than with any other biochemical test including calcium 
or 1,25-dihydroxyvitamin D [1,25(OH)2D]. While we are 
not aware that this has been emphasized before, we 
know it well from our own data. We saw this for adoles-
cents, where the PTH vs 25(OH)D correlation r-value was 
–0.2 (p<0.001) but for PTH vs plasma calcium the r-value 
was –0.09 (p=0.1) (4). We saw this in the elderly, where 
for PTH vs 25(OH)D the r-value was –0.2 (p<0.001) but 
for PTH vs plasma calcium the r-value was –0.05 (p=0.3) 

(5). Likewise, for 1741 endocrine outpatients there was 
better correlation for PTH vs 25(OH)D, r-value =–0.2 
(p<0.001), than for PTH vs plasma calcium, r-value 
=–0.08 (p=0.001) (6). The relationship between par-
athyroid hormone (PTH) vs 25(OH)D has usually been 
presented in a style of graph that makes it look as if this 
reaches a plateau (7-11). This concept of a plateau suits 
the conventional thinking that levels of a hormone like 
PTH are determined according to the “set-point” of the 
thing that the hormone regulates, like plasma calcium 
(12). This traditional notion of a set-point makes it seem 
reasonable to conclude that because PTH levels do 
respond to 25(OH)D, then this should also behave ac-
cording to some sort of vitamin D-related set-point. 
One problem with this is that most of the feedback 
between PTH and vitamin D nutrition is poorly un-
derstood. In part, vitamin D nutrition affects PTH 
by promoting calcium absorption (13). However, if 
this were the major mechanism, the correlation be-
tween PTH and calcium should be far stronger than 
the one between PTH and 25(OH)D. This stronger 
mechanism involves metabolism of 25(OH)D within 
parathyroid tissue to generate 1,25(OH)2D in a lo-
cal, paracrine or autocrine manner (14). This local 
1,25(OH)2D suppresses PTH gene transcription, PTH 
synthesis and secretion (15). Consequently, the real 
question is: “Can the vitamin D-related mechanisms 
that suppress PTH become saturated (i.e. do they 
reach a plateau), or not?”.
Chapuy et al. (7) have done fine work to establish the 
concept of a plateau by fitting an exponential decay 
function to data on 1569 French study subjects. They 
reported that a PTH asymptote of 36 pg/ml was 
reached at a 25(OH)D concentration of 78 nmol/l. 
Visual inspection of all such data does suggest a 
similar conclusion. Indeed, our own analysis of 1741 
endocrine outpatients produced similar plateau re-
sults when we applied the mathematical strategy of 
Chapuy et al. (6, 7). 
However, the mathematical approach just described 
is not objective, because it starts with the unfounded 
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assumption that a plateau does exist. Any evaluation 
of the shape of a relationship cannot be objective if it 
guarantees an outcome because of the parameters 
or a cut-point selected by the investigator. 
It should not come as a surprise that the concept of a 
PTH plateau vs 25(OH)D has resulted in many differ-
ent estimates for the optimal 25(OH)D concentration 
– from 20 to 110 nmol/l (7, 8, 16-19). Differences in 
assays account for some of the variability (20), but 
most of the variability is because the decision about 
when a plateau is reached is quite arbitrary. It is af-
fected by the range of 25(OH)D levels being looked 
at, the nature of the study population (6), and by the 
mind of whoever is looking at the data. We invite 
the reader to try to select a plateau for the PTH vs 
25(OH)D data based on graphs of Sahota et al. (21) 
or Need et al. (22). This exercise will highlight just 
how subjective and arbitrary it is to decide upon a 
plateau for a relationship that is more appropriate 
for log-log scales. 
Cleveland (23) recognized the problem of a research-
er-driven bias in defining relationships between two 
variables, and he developed the locally weighted 
scatterplot smoother line (LOWESS) to provide a 
way to allow the data to speak for themselves. This 
method is implemented on popular statistical graph-
ing software programs (for example, SPSS, Chicago, 
IL). We found that regression lines obtained using 
log PTH vs log 25(OH)D concentrations were a close 
match to LOWESS plots of the data, and this worked 
for patients of every age group (6). What we have 
now done is to expand this analysis to additional 
large cohorts from Lebanon, and spanning differ-
ent age groups (Fig. 1) (4, 5, 24-26). Except for one 
group [the Bekaa cohort, in which there were only 15 
out of 477 subjects with 25(OH)D >60 nmol/l (25)] 
all groups of subjects – children, adolescents, young 
adults and the elderly – produced LOWESS lines that 
sloped steadily downwards and definitely no pla-
teau when graphed as log PTH vs log 25(OH)D. The 
LOWESS line for the combined data stands as strong 
evidence that this relationship is best linearized with 
log vs log axes, and without a plateau (Fig. 1).
We have shown elsewhere that the PTH vs 25(OH)D 
relationship varies with age, and that it does not 
reach a plateau at any age (6). Yan et al. compared 
population samples from China and the United 
Kingdom. They concluded that for both popula-
tions, PTH vs 25(OH)D does not reach a plateau, and 
they used log-log scales as the best match for the 
data. Anyone who insists on using PTH to establish 
a target level for 25(OH)D must bear in mind that 
PTH can always be suppressed further by increasing 
25(OH)D, and that this happens in a log-dose-re-
sponse manner (27, 28).

Barger-Lux et al. (27) conducted an elegant study 
comparing the efficacy of vitamin D3, 25(OH)D and 
1,25(OH)2D at suppressing PTH. They showed that 
for each agent, the suppression of PTH was highly 
significant and inversely correlated to the dose; fur-
thermore, serum calcium was increased only in those 
who took 1,25-dihydroxyvitamin D3 [1,25(OH)2D3], 
but not the nutrient form of vitamin D. This highlights 
a rarely appreciated aspect of the vitamin D system: 
vitamin D and 25(OH)D are physiologic, non-cal-
cemic suppressors of PTH secretion. 
An expert panel recently agreed that 20-25 µg/day 
(800-1000 IU/day) of vitamin D is “optimal” based 
largely on PTH levels (2). However, the log-log re-
lationship of Figure 1 can be translated as meaning 
that the percentage suppression of PTH that results 
from an increase in vitamin D intake from 5 to 20 µg/
day (200 to 800 IU/day) is the same as the percent-
age suppression that will happen if we go from 20 to 
80 µg/day (800 to 3200 IU/day) – all while remain-
ing well within the physiologic range for vitamin D 
supply (29, 30). Therefore, there may still be a lot of 
room for more vitamin D to show greater efficacy for 
the prevention or treatment of osteoporosis, but it 
will be difficult to carry out clinical trials if we suggest 
that low intakes are “optimal”.

Fig. 1 - Relationship between PTH and 25-hydroxyvitamin D 
[25(OH)D] concentrations in several studies conducted in Leba-
non. Each line represents the nonparametric regression of data for 
346 children/adolescents (24), 362 children/adolescents (4), 213 
young adults (26), 477 adults (25), 460 elderly (5) . The heaviest, 
solid line represents the combined LOWESS plot of all 1858 data 
points represented here.
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It is helpful to point out that vitamin D nutrition 
relates to endocrine functions beyond just mineral 
metabolism. Insulin levels, insulin sensitivity, and 
glucose levels after a glucose challenge all relate 
favorably to higher 25(OH)D levels (31). A log-log 
graph describes the insulin vs 25(OH)D relationship 
just as well as it describes the PTH vs 25(OH)D rela-
tionship (31).
This debate about an optimal level of 25(OH)D is not 
a simple issue of semantics. Acceptance of a plateau 
is acceptance of an endpoint target that exists only 
for the sake of expedience. Acceptance of a plateau 
is a concession to a side issue whose purpose is to 
provide a “criterion for adequacy” to satisfy a need 
of those who must make official nutrition recommen-
dations (1). As a basis for a vitamin D intake recom-
mendation, regulators want an objective criterion 
like a PTH plateau that they can aim at. By itself, 
this is an admirable objective. But unfortunately, the 
resulting official nutrition recommendation creates 
medico-legal restrictions that affect the more im-
portant question of whether higher doses of vitamin 
D are relevant to health. Official recommendations 
define the limits for the vitamin D doses that ethics 
review panels and lawyers will easily allow for clinical 
research. 
If we concede to the concept of a vitamin D-related 
threshold for PTH, then we will make it more difficult 
for researchers to explore vitamin D supplementa-
tion at a level beyond that imaginary plateau point. 
In contrast, if we accept the reality that there is no 
plateau, this means that future researchers will be 
less constrained in their exploration of the potential 
benefits of what may turn out to be a powerful or-
phan drug, vitamin D.
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