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Abstract
Objectives: The analysis was undertaken to investigate the extent to which the frequency of
blood tests is associated with control of phenylalanine (Phe) levels among children with
phenylketonuria (PKU).
Methods: Multivariate and age-stratified regression analyses were run on Phe test results
(N=3,015) from sixty-two sample subjects, aged eight years or younger, treated in four PKU
clinics in the intermountain West over the period 1980 to 1995. More detailed regressions were
run on the subset of observations (N=1,965) from the thirty-three subjects treated in the Utah
clinic.
Results: Each additional week of delay between tests was associated with a 10% reduction (95%
CI=0.83-0.98) in the likelihood that a subsequent Phe reading would fall below the
recommended upper limit of the recommended range (#6mg/dl). The relationship was most
pronounced among sample subjects three years and older (0.86, 95% CI=0.73-1.01) and in the
analysis of Utah clinic subjects, which included additional sociodemographic controls (0.83,
95% CI=0.75-0.92).
Conclusions: Since the advent of universal screening for PKU nearly forty years ago, the
challenge faced by patients and families as well as by health professionals, has been to improve
the daily management of the condition. The significant relationship between Phe test frequency
and Phe levels reported in this analysis suggest that opportunities for improvement in the
management of PKU may reside with institutional and technological changes in the
administration and utilization of the Phe test.
Key Words: Phenylketonuria (PKU), phenylalanine (Phe) test, self-monitoring, hazard analysis.
JEL Classification: I18, I19.
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Background
Phenylketonuria (PKU), an inborn error of metabolism that occurs in about 1 in 15,000
live births in the United States,(1) is associated with elevated blood phenylalanine (Phe) levels
that result in progressive neurological impairment and mental retardation when left untreated.(13) Universal screening for PKU at birth has been conducted throughout the United States since
the early 1960s. Strict adherence to a low phenylalanine diet through special food preparation
and supplemental formula prevents the debilitating effects of PKU. Such dietary management,
beginning in infancy and continuing throughout life, is central to the current protocol for treating
the condition. Strict control of Phe levels is especially critical for pregnant women with PKU
because of the serious consequences to the fetus exposed to elevated Phe levels in-utero.(4-7)
The treatment of PKU is complex, requiring collection of blood samples, recording of
food intake, maintenance of a highly restrictive diet, and frequent visits to a PKU clinic.(1, 2)
Adherence to the recommended diet tends to slacken after early childhood, leading to increased
prevalence of blood Phe concentrations that exceed recommended levels.(8, 9) A growing body
of evidence has demonstrated progressive decline in intellectual development,(10, 11)
neurological problems(11) and behavioral problems associated with elevated Phe levels across
the lifespan. The most recent guidelines issued by the Medical Research Council Working Party
on PKU(12) and by a National Institutes of Health Consensus Panel(2) therefore state that in
order to achieve optimal outcomes, treatment most likely will be required for all individuals with
PKU for their entire lifetime.
Part of the current protocols for treating PKU includes frequent periodic testing of Phe
levels so as to monitor adherence and to make adjustments to nutritional intake. Such tests
require a blood draw during a scheduled visit or a lancet-derived blood sample obtained at home
and mailed to the clinic. Results are typically provided to the patient within five to ten days after
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the test. More frequent testing and more timely feedback could potentially help patients and
their caregivers more effectively monitor and manage their condition,(13, 14) as has been the
case with home glucose monitors for those with diabetes.(15)
Variation in frequency of blood Phe measurement reflects differences in clinic
recommendations and in individual adherence. A formal analysis of the impact, if any, of this
variation in Phe test frequency among the PKU population on management of the condition
could provide insight into both the appropriateness of current recommendations as well as the
potential for an intervention, such as a home Phe monitor, to improve management. Phe test data
on fifty-nine PKU patients from four clinics in the intermountain west from 1980 to 1995
afforded such an analysis.
Methods
Data—Comprehensive records from four PKU clinics in the intermountain west
(Montana, Salt Lake City, UT, Reno NV, and Las Vegas, NV) over the period 1980 to 1997 were
made available to the researchers. These clinics served the entire population with PKU in
Nevada, Utah, and much of the central and eastern region of Montana. The records were
originally gathered as part of a multi-center, randomized, controlled clinical trial designed to test
the impact of a new dietary regimen on Phe levels.(16) Subjects eligible for that trial included
those aged eighteen years and younger with PKU treated in any of the four clinics. Of eightyfour eligible subjects, sixty-nine initially enrolled in the trial, but three withdrew, leaving historic
records available on sixty-six subjects.
Information on sex, date of birth, PKU type, Phe test date, and Phe test results were
available from these records across clinic sites. Given the literature showing a significant
relationship between certain socioeconomic and demographic characteristics and dietary
compliance,(8, 17-19) the authors of this study contracted with personnel at the Utah clinic to
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provide additional data on income, marital status of parents, number of siblings, and number of
siblings with PKU for the thirty-three sample subjects treated in that clinic, so as to afford a more
comprehensive analysis of this Utah sub-sample.
Sample--The unit of observation for the empirical analysis was a Phe test, of which 6,506
were taken on the sixty-two sample subjects over the period of study. There were 1,403
observations taken during the randomized control trial between 1996 and 1997 that were
excluded from the analysis because of potential distortion on Phe readings generated by the
experiment. Separate analyses that included such observations, with additional controls entered
for experimental status (prior to/during the experiment, control/experimental group), were not
significantly different from the results reported below. Because results from each test generally
take a minimum of three days to report, 542 observations followed by an interval of less than
three days were deemed unreliable and deleted from the sample. Due to the relatively recent
emphasis on control throughout childhood, and research demonstrating that reinstitution of diet
after a sustained period of discontinuation is particularly difficult,(20) the sample was further
restricted to observations on subjects eight years of age and younger, yielding 4,122 observations
on 60 subjects.
In order to assess and minimize the impact of outliers on the analysis, separate
specifications incorporated an upper limit on the interval between tests of 14, 30, and 60 days.
For the analyses reported below, the sample was restricted to observations on individuals
following a maximum thirty-day interval. Results from specifications using fourteen day and
sixty-day maximum intervals are not reported, but are discussed below. There were 3,015 such
tests (observations) on the fifty-nine eligible subjects within the specified age range at the four
clinics between 1980 and 1995, and 1,965 such observations for the thirty-three subjects at the
Utah clinic.
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Model—Multiple observations on each sample subject presented the possibility that
effects uncovered on measured covariates were actually attributable to unidentified
characteristics of individuals. Random effects models were run so as to control for such
characteristics.
Multivariate logistic regressions were run on the probability that a Phe reading would be
6 mg/dl or less, as 6 mg/dl is currently the upper limit of the recommended range in all clinics.
The independent variable of primary interest was the elapsed time measured in fractions of
weeks to the nearest day since the subject’s previous Phe test. Other covariates incorporated into
the four-clinic analyses included the subject’s age as of the date of the test (in years to the nearest
day); the subject’s sex; a cohort variable assessed as the time elapsed (to the nearest day)
between September 8, 1980, the date of the first sample test reading, and the date of the test; and
PKU type (severe or moderate). It is well established that dietary compliance declines with age.
With the growing appreciation for the importance of dietary compliance throughout life, and as
the recommendations for compliance have become more strict over time, it was expected that
those in the latter part of the analytic period would have more Phe readings within the
recommended range than those tested earlier. Those with severe PKU were expected to have
more difficulty maintaining Phe levels below the upper limit than those with moderate PKU,
although research has suggested that such assessment of severity is unreliable.[(21, 22) Indicator
variables for each clinic, with the Utah clinic serving as the referent, were also incorporated in
the all-clinic analysis to capture differences in Phe test results arising from clinic-specific
policies or from other unspecified characteristics associated with individual clinics.
Additional covariates incorporated in the Utah-clinic specific analysis included marital
status of parents (married, not married), the number of children residing in the household, the
number of PKU siblings, and a measure of household income (less than 150%, 150-300%,
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greater than 300% of the poverty). Each of these characteristics was assigned based on patient
records taken as close as possible to the date of each observation. Subjects residing in twoparent households and in households with higher incomes were expected to have higher
probabilities of test readings within the recommended range, given the relationship of SES to
Phe level (17-19). The presence of other children in the household, however, was expected to
reduce the probability of compliance as additional children tend to dilute the amount of
resources, both time and material, available to devote to management of the condition. A similar
expectation was formed with respect to the presence of other PKU siblings, although this
expectation was subject to some ambiguity since the presence of other siblings with PKU might
engender greater dedication, and perhaps some economies of scale, at the household level in
managing the condition.
Results
Summary characteristics are provided separately for sample subjects (upper panel) and
for sample observations (lower panel) in Table 1. Characteristics for the entire (four-clinic)
sample, broken down by age group, are provided in the first three columns, while the same
breakdown for the Utah-only clinic sample is provided in the final three columns. Thirty-three
of fifty-nine subjects (55.9 %) were treated by the Utah clinic and nearly two-thirds of the 3,015
total test observations (65.1%) were generated from those subjects. In the group aged two years
and younger, observations were provided from fifty-six of fifty-nine subjects in the all-clinic
sample (column 2) and from all thirty-three subjects in the Utah sample (column 5).
Approximately two-thirds of subjects in each sample also generated observations between the
ages of three and eight years (columns 3 and 6) during the period of observation. The proportion
of all test observations on children aged three to eight years taken at the Utah clinic (50.7%) was
distinctly lower than the proportion taken at that clinic across all ages (65.1%). This lower
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proportion reflected both a longer average interval between testing (2.7 versus 2.3 weeks) and
fewer average years contributed by the older group (8.0 versus 9.2 years) at the Utah clinic
relative to the all-clinic average. Utah subjects were also more likely to be diagnosed with
“severe” PKU (84.8%) than were subjects from the all-clinic sample (72.9%).
Only 58.8% and 55.6% of Phe test results from the all-clinic and the Utah clinic samples,
respectively, fell below the recommended upper Phe limit (<7 mg/dl), reflecting a high degree of
unsuccessful management of the condition. The percentage of tests falling below the upper limit
was smaller among the older group (50.7%) than among the younger group (61%), in accordance
with the literature showing a decline in successful management with age. The average duration
between Phe tests was also related to age, with longer average intervals between tests at older
ages, reflecting, in part, the formal recommendations for higher test frequency in infancy and
early childhood than in later childhood and adulthood.

The extent to which the test interval was

associated with successful management, independent of age and such recommendations, was
tested in the multivariate analyses.
Odds ratios given in Table 2 were generated from multivariate logistic regressions on the
probability that a phenylalanine reading was below the upper bound for the recommended range
(< 7 mg/dl). The format of Table 2 follows that of Table 1, with results on the four-clinic
sample reported in the first three columns and those from the Utah-only sample in the final three
columns. Higher test frequency was associated with significantly higher odds of blood
phenylalanine concentration falling below the upper limit of the recommended range. Results
on subjects eight years old and younger (column 1) indicate that each additional week of delay
between Phe tests was associated with a 10% reduction (95% CI=0.83-0.98) in the likelihood
that a subsequent reading would fall below the upper recommended limit. The significance of
test interval on Phe level was concentrated among those older than two years (column 3), as the
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association between test interval and Phe level among those aged two years and younger failed to
achieve statistical significance (column 2).
Results from the analysis conducted on the Utah-only sample showed larger effects,
within more stringent confidence bands, of test frequency on phenylalanine blood concentration
relative to the four-clinic sample. Among those aged three to eight years of age tested at the
Utah clinic (column 6), for example, the elapse of each additional week between tests was
associated with a 21% (95% CI=0.63-0.99) reduction in the likelihood of a Phe level falling
below the upper recommended limit. For this sample, test frequency was also a marginally
significant predictor of stricter management of Phe levels among the group aged two years and
younger. These Utah-specific results, which were from equations that included controls for the
additional socioeconomic and demographic characteristics noted above, were significantly
stronger than in specifications excluding such controls (not shown). It is therefore unlikely that
results from the all-clinic sample (columns 1-3) were attributable to confounding between test
frequency and such excluded socioeconomic and demographic characteristics.
The indicator variable for PKU type was significant in none of the specifications,
reinforcing both a concern that has been raised regarding this measure’s value as an
epidemiological concept(21, 22) and a conclusion that the Utah results were not attributable to its
higher proportion of subjects diagnosed with severe PKU. With the exception of the equation
run on those aged three to eight years treated in the Utah clinic (column 6), results on the cohort
variable showed a significant increase in the odds of Phe levels falling below the upper
recommended limit. This improvement in management over time was likely attributable to the
increased awareness among health professionals and among patients and their families on the
importance, as demonstrated in the most recent literature, of maintaining control of Phe levels
beyond early childhood. The upper limit of the recommended Phe level was also reduced at the
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Utah clinic from 10 mg/dl to 6mg/dl in 1992, partly in response to that literature. In separate
equations that incorporated the higher limit on the dependent variable, results on the cohort
variable were unaffected (not shown), suggesting that better management with time was not
exclusively attributable to more rigid standards.
Discussion
Based on comprehensive test records from four clinics serving those with PKU in three
intermountain west states between 1980 and 1995, this analysis suggests that higher Phe test
frequency was associated with a significantly higher probability that Phe levels would fall below
the upper limit of the recommended range. Moreover, the relationship between test frequency
and Phe levels was most pronounced among older children in the sample, those at greatest risk
for non-compliance.
It is possible that the observed relationship between test frequency and Phe level was
partly attributable to omitted variable bias, that people who tested more frequently were simply
those who were more diligent in managing their condition for other reasons. Such unobserved
individual characteristics, however, were controlled for in the utilization of a random effects
model. Moreover, the findings in the Utah-only regressions were robust with the introduction of
other available socioeconomic and demographic controls, reinforcing the conclusion that the
association between test frequency and Phe level was not a spurious one.
The finding that higher test frequency was significantly associated with lower Phe levels
was also not driven by outliers, that is, excessively long intervals between tests. Results on
sample observations limited to maximum test intervals of thirty days (reported in Table 2) were
nearly identical to those from a sample including test intervals up to sixty days (not shown).
Moreover, results from sample observations limited to test intervals of fourteen days (not shown)
were also similar to those reported in Table 2.
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The current recommended range for blood Phe levels includes a lower limit of 2 mg/dl in
addition to the upper limit of 6 mg/dl that was exclusively used to specify the dependent variable
in the reported results. The lower limit was established because phenylalanine is an amino acid
that is essential in small amounts for normal growth and development. In separate analyses (not
shown), the incorporation of the recommended range (>1 mg/dl, <7 mg/dl) in specifying the
dependent variable in lieu of the upper limit or less (<7 mg/dl), however, failed to produce
significant results with respect to test frequency. In other words, higher test frequency was
sufficiently associated with a low blood Phe level of under 2 mg/dl such that the relationship
between test frequency and Phe levels in the recommended range was not statistically significant.
It is possible that, in order to avoid the well-publicized detrimental effects of elevated Phe
associated with the condition, PKU patients and their families err in favor of too strict a lowprotein diet.
However, it is also well known that patients often “prepare for the test,” that is, restrict
their Phe intake in the period immediately prior to a test so as to generate a result within the
recommended range. Indeed, results from a survey of PKU families tied to the Utah clinic
confirmed that such preparation is common.(23) When such practice translates into dietary
deprivation rather than compliance, however, it is likely to produce an excessively low Phe result
in the short-term than would consistent compliance with the recommended diet. To the extent
that patients engage in such “preparation” for the test, the clinic, as well as patients, are
uninformed about the actual extent to which Phe levels deviate from, or conform with,
recommendations in daily life. While the test is also acting in these instances to change
behavior, it is not necessarily promoting better long-term management of the condition.
All of the reported test results were taken using the Guthrie method. Although the test is
more accurate at lower Phe concentrations than at high concentrations, test accuracy is relatively
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high within the range of compliance to 20 mg/dl. The dichotomous structure of the dependent
variable served to reduce distortions associated with very high readings.
As noted earlier, the recommended upper limits for Phe levels at the Utah clinic were
reduced from 10 mg/dl to 6 mg/dl in 1992. To the extent that patients adjust their diet
specifically to meet targets, one would expect that test frequency would be associated with Phe
levels below 11 mg/dl prior to 1992 and subsequently with Phe levels below 7 mg/dl. The
incorporation of such a specification on the dependent variable in our analysis, however, failed to
generate significant results on test frequency. These results suggest that test frequency may be a
more significant factor in meeting relatively strict guidelines (< 7 mg/dl) than in achieving
moderate compliance (< 11 mg/dl).
In certain instances it is likely that the test interval was endogenous, attributable to Phe
level. After a test reading above the recommended level, for example, it is not uncommon for
clinics to schedule a subsequent test sooner than normal to check that Phe levels were
subsequently brought under control. For the Utah sample over age two years, where the
recommended testing interval was two to four weeks, the analysis was rerun dropping all tests
for which the test interval was one week or less. The findings nearly replicated those reported in
the table, suggesting that such reverse causation was not strictly responsible for the uncovered
relationship between test frequency and Phe level. Anecdotal evidence from clinicians also
suggested that at certain clinics the opposite is the case, that is, test frequency is extended
subsequent to a good reading as part of a “reward” system for compliance. To the extent that
low readings are responsible for such lengthening of the test interval, our results understate the
effect of test frequency on Phe level.
The recommended interval between tests by age group was subject to some inter-clinic
variation. While clinic indicator variables were included in our model to adjust for such
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variation, the correlation between clinic-specific recommendations and test interval could have
confounded our results. Separate regressions were therefore also run with the interval between
tests specified as the deviation from clinic recommendations rather than as the actual elapsed
time between tests, as reported in Table 2. Results from the alternative specification (not
shown) nearly replicated the reported results, reinforcing the conclusion that clinic characteristics
were not responsible for the results on test interval. Furthermore, the significant findings on test
interval from the Utah-only specifications, for which clinic recommendations were uniform,
eliminated such concern about multicollinearity between clinic recommendations and test
interval.
In several analyses conducted both in the United States and abroad, the benefits
associated with screening programs for PKU at birth have been found to outweigh program and
treatment costs.(24-26) These analyses, however, assumed successful management of the
condition through strict dietary compliance. This assumption was unrealistic, based in part on
the prevailing (incorrect) view at the time that such management would be required through only
a limited period of early childhood. While the benefits of maintaining a low phenylalanine diet
throughout adulthood are better understood today, it is also well known that compliance with the
recommended dietary regimen is not complete at any age and that such compliance generally
deteriorates with age. This pattern of non-compliance is clearly evident in the statistics on Phe
test results by age reported in Table 1. Facilitating compliance for stricter control is among the
major challenges in improving the outcomes for patients with PKU.(2, 27) The findings of this
analysis suggest that variation in dietary management of PKU may be due, in part, to variation in
frequency of Phe testing. Since part of such variation is attributable to established
recommendations, one implication that flows from the analysis is that recommended test
intervals be reevaluated to determine the optimal frequency of testing. Indeed, the
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recommendation of test frequency by the Medical Research Council, which has been adopted by
many of the clinics in the United States, was not based on any formal analysis of the effect of test
frequency on Phe management.(28)
The results of the current analysis also suggest, however, that the introduction of other
methods of monitoring that permit greater ease and efficiency for testing Phe levels, such as a
home monitor, may improve the management of PKU. Of course, the current analysis addressed
only the frequency of testing, whereas a home monitor may affect dietary management through
other avenues as well. For example, the current delay of several days between Phe test and test
result does not permit the patient and the family to make an immediate assessment of the
association between dietary intake and Phe level. The value of the test for daily management is
therefore not as great as it might be if feedback were more immediate. Indeed, PKU patients
and their families have indicated that a home monitor would be valued for the timely feedback it
would provide and for the higher level of involvement it would permit in the daily management
of the condition.(23)
Since the advent of universal screening for PKU nearly forty years ago, the challenge
faced by patients and families as well as by health professionals, has been to improve the daily
management of the condition. The significant relationship between Phe test frequency and Phe
levels reported in this analysis suggest that opportunities for such improvement may reside with
institutional and technological changes in the administration and utilization of the test.
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Table 1. Summary statistics by sample and age group
Ages 0-8 years
Subjects
Male (%)
Severe PKU (%)
Las Vegas (%)
Montana (%)
Reno (%)
Utah (%)
N
Phe Test Statistics
Phe #6 mg/dl (%)
Weeks since previous test
Age at test (years)
Trend (years)+
Male (%)
Severe PKU (%)
No. of children in family
No. of siblings with PKU
Parents married (%)
Income > 150% and <
300% of poverty (%)
Income > 300% of poverty
(%)
Las Vegas clinic (%)
Montana clinic (%)
Reno clinic (%)
Utah clinic (%)
Number of observations

Four-Clinic Sample
Ages 0-2 years

Ages 3-8 years

59.3
72.9
15.2
13.6
15.2
55.9
59

60.7
75.0
16.1
10.7
14.3
58.9
56

60.0
72.5
12.5
15.0
15.0
57.5
40

58.8
1.7 (1.1)
1.8 (1.9)
10.7 (4.1)
62.3
77.2

61.0
1.6 (1.0)
1.0 (0.8)
12.1 (4.2)
64.0
80.8

50.7
2.3 (1.2)
5.0 (1.5)
9.2 (3.6)
56.4
64.1

6.8
12.6
15.5
65.1
3015

7.5
10.6
12.7
69.2
2362

4.3
19.6
25.4
50.7
653

Ages 0-8 years

Utah-only Clinic Sample
Ages 0-2 years

57.6
84.8

57.6
84.8

65.2
87.0

33

33

23

55.6
1.7 (1.1)
1.6 (1.8)
11.5 (4.0)
64.9
90.0
2.4 (1.4)
0.1 (0.4)
93.2
46.5

57.7
1.5 (0.9)
0.9 (0.7)
11.2 (4.1)
63.4
90.3
2.3 (1.4)
0.1 (0.4)
92.2
49.2

45.0
2.7 (1.2)
5.1 (1.6)
13.1 (3.2)
72.5
88.5
2.6 (1.4)
0.1 (0.3)
98.2
32.9

28.3

25.9

39.9

1965

1634

Note: Entries are sample means unless otherwise noted. Standard deviations are provided in parentheses.
+

Ages 3-8 years

Time elapsed between the current test and the birth date of the oldest sample subject (9/8/80).

331
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Table 2. The effect of test frequency on the odds of a Phenylalanine (Phe) level #6 mg/dl by Sample and Age Group

Intercept
Weeks since
previous Phe test
Age at test (years)
Trend (years) +
Male
Severe PKU
No. of children
No. of PKU sibling
Parents Married
Income > 150%, <
300% of poverty
Income > 300%
poverty
Las Vegas clinic
Montana clinic
Reno clinic
N

Ages 0-8
Odds
Confidence
Interval
Ratio
1.02
0.48-2.19
0.90**
0.83-0.98

Four Clinic Sample
Ages 0-2
Odds
Confidence
Interval
Ratio
1.24
0.58-2.67
0.96
0.86-1.08

Ages 3-8
Odds
Confidence
Interval
Ratio
0.27
0.04-1.71
0.86*
0.73-1.01

Ages 0-8
Odds
Confidence
Interval
Ratio
0.22*** 0.07-0.69
0.83*** 0.75-0.92

Utah Clinic
Ages 0-2
Odds
Confidence
Interval
Ratio
0.39
0.11-1.43
0.87*
0.75-1.00

Ages 3-8
Odds
Confidence
Interval
Ratio
0.86
0.03-26.43
0.79** 0.63-0.99

0.81***
1.13***
0.68*
0.68

0.61***
1.12***
0.64**
0.74

0.89
1.20***
1.21
0.52

0.84***
1.16***
0.69
0.77
0.94
1.08
3.26***
1.08

0.78-0.91
1.10-1.22
0.44-1.09
0.38-1.55
0.80-1.12
0.61-1.92
1.63-6.55
0.71-1.65

0.68***
1.15***
0.66*
0.70
0.92
1.46
2.86**
0.99

0.56-0.83
1.09-1.21
0.41-1.08
0.34-1.48
0.76-1.11
0.72-2.98
1.23-6.68
0.60-1.64

1.12
0.98
1.66
5.40
0.77
0.27
0.18
3.24

0.87-1.43
0.81-1.19
0.51-5.42
0.57-51.65
0.52-1.16
0.06-1.35
0.01-2.67
0.70-14.92

1.72*

0.98-2.99

1.65

0.87-3.16

2.73

0.63-11.82

0.85
0.99
1.34
3015

0.76-0.87
1.07-1.19
0.45-1.02
0.41-1.13

0.44-1.63
0.53-1.85
0.70-2.59

1.04
1.27
1.26
2362

0.52-0.71
1.06-1.18
0.43-0.97
0.44-1.24

0.55-1.96
0.66-2.43
0.65-2.45

0.08**
0.99
2.05
653

0.75-1.05
1.05-1.37
0.48-3.07
0.17-1.64

0.01-0.62
0.29-3.40
0.46-9.14
1965

1634

331

Note: Results are from logistic regression models run for those tests where the testing interval was between three and thirty days.
*, **, and *** indicate statistical significance at the 10, 5, and 1 percent levels, respectively.
+

Time elapsed between the test and the birth date of the oldest sample subject (9/8/80).
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