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Objectives. We present the novel urine collection method used during in-home interviews of a large population repre-
sentative of older adults in the United States (aged 62-91, the National Social Life, Health and Aging Project). We also
present a novel assay method for accurately measuring urinary peptides oxytocin (OT) and vasopressin (AVP), hormones
that regulate social behaviors, stress, and kidney function.

Method. Respondents in a randomized substudy (N = 1,882) used airtight containers to provide urine specimens that
were aliquoted, stored under frozen refrigerant packs and mailed overnight for frozen storage (—80 °C). Assays for OT,
AVP, and creatinine, including freeze-thaw cycles, were refined and validated. Weighted values estimated levels in the
older U.S. population.

Results. Older adults had lower OT, but higher AVP, without the marked gender differences seen in young adults.
Mild dehydration, indicated by creatinine, specific gravity, acidity, and AVP, produced concentrated urine that interfered
with the OT assay, yielding falsely high values (18% of OT). Creatinine levels (21.4 mg/ml) identified such specimens
that were diluted to solve the problem. In contrast, the standard AVP assay was unaffected (97% interpretable) and urine
acidity predicted specimens with low OT concentrations. OT and AVP assays tolerated 2 freeze-thaw cycles, making this
protocol useful in a variety of field conditions.

Discussion. These novel protocols yielded interpretable urinary OT and AVP values, with sufficient variation for
analyzing their social and physiological associations. The problem of mild dehydration is also likely common in animal

field studies, which may also benefit from these collection and assay protocols.
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XYTOCIN (OT) and vasopressin (AVP) are two
closely related peptides with well-known physiologi-
cal functions, including contractile and antidiuretic prop-
erties. They play a key role in regulating blood pressure
and in facilitating the allostatic response to external stress-
ors (Gimpl & Fahrenholz, 2001; Szczepanska-Sadowska,
2008). Importantly, for the National Social Life and Aging
Project (NSHAP), both of these hormones, but in particu-
lar OT, have also been shown to play an important role in
mediating and modulating social behaviors such as pair-
bonding, attachment, sexuality, and care-taking (Reyes &
Mateo, 2008; Wismer Fries, Ziegler, Kurian, Jacoris, &
Pollak, 2005). The social role of OT and AVP in humans has
been examined primarily in small convenience samples due
to the special challenges associated with protein hormone
measurement.
There is no single ideal experimental protocol for discern-
ing the relationships between these neuropeptides, physiol-
ogy, and behavior among the everyday lives of people living
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in their homes. Here, we present a method for gathering
data from a large representative population of community-
dwelling older adults living in the United States. For reasons
detailed below, this is a conservative method, risking failing
to detect associations between social peptides, health, and
social life. Thus, if analysts do detect such relationships,
their work will call for further study in more controlled lab-
oratory settings designed to reveal underlying mechanisms.

Studies of central action of these social peptides, includ-
ing brain binding and production, require highly invasive
measurements of cerebrospinal fluid or post-mortem brain
analysis. Animal models are optimal. Novel radiolabeled
ligands in positron emission tomography could be devel-
oped. In these approaches, the neuroendocrinology is
sophisticated and focus on where the peptides are having
their immediate effects, but the behavior and physiology is
far removed from the natural variation of everyday life and
the human subjects who participate are not representative of
the larger population.
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Measuring peripheral levels of OT and AVP affords better
behavioral measurement, yet does not directly measure at
the site of action. OT and AVP are released from the poste-
rior pituitary into the blood stream, from where they diffuse
in saliva or pool in urine. There is evidence, albeit currently
debated, that peripheral release is coordinated with central
release of OT and that peripheral measures correlate to endo-
crine expression in the brain, although this is not necessarily
the case for AVP (Carter et al., 2007; Wotjak et al., 1998).

Moreover, peripheral measures pose their own chal-
lenges. Neuropeptides are delicate hormones with a short
half-life. Blood draws provide both the most acute and most
invasive peripheral measurement, and the sample must be
immediately treated with an anticoagulant, centrifuged cold,
and frozen for storage, impractical in our large survey with
field interviewers who are not medical personnel. Saliva is
perhaps the least invasive measurement, but quantities of
OT are very low, provide the most challenging results, and
great care must be taken to immediately freeze the sample
to protect the peptides. Although saliva reflects OT released
across several minutes, it correlates closely to OT measured
in plasma (Hoffman, Brownley, Hamer, & Bulik, 2012).

Urine provides a biological sample that integrates neu-
ropeptide concentrations pooled across a longer time-span
of at least 1 hr, the time frame of our home interview. Urine
is less invasive than blood draws thus lowering the barrier
to participation and has less challenging handling require-
ments since the pH environment of the urine helps to stabi-
lize the protein (Anestis, 2010).

Urinary OT and AVP have been successfully used to
measure effects of social interactions on peptide secre-
tion in laboratory settings (Moses & Steciak, 1986; Polito,
Goldstein, Sanchez, Cool, & Morris, 2006; Seltzer &
Ziegler, 2007; Seltzer, Ziegler, & Pollak, 2010). Urine
specimens are therefore a useful noninvasive method of
gathering biomeasures during a field study of psychosocial
measures and health, especially large-scale population sur-
veys in the home.

However, the short half-life, challenging storage require-
ments, including immediate and sustained low temperatures
pose special challenges for handling in the field. A method
to measure OT and AVP in large populations in the field is
needed to test and advance the understanding of the social
and health properties of these peptides.

Levels of any urinary hormone must be standardized
based on creatinine levels to control for variation in urine
concentration. Creatinine is secreted at a steady rate from
creatine degradation in muscle tissue, and its levels directly
reflect urine concentration (Barr et al., 2004; Cuthbertson,
1944). In addition to altered kidney function, the thirst
response decreases as individuals age, leading to reduced
fluid consumption and greater risk of dehydration among
older adults. For example, dehydration is a leading cause of
hospitalization for individuals older than 65 years (Lavizzo-
Mourey, 1987; Sheehy, Perry, & Cromwell, 1999).
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We describe here a field method for collecting urine
pooled during highly standardized home interviews of older
adults and measuring urinary OT, AVP, and creatinine. In
addition to standardizing urine concentration, we show that
creatinine, a marker of mild dehydration in this home dwell-
ing population, can be used to solve issues of assay interfer-
ence. Finally, we determined the effects of two freeze-thaw
cycles on the assayed levels of these peptides.

METHOD

Urine Sample Collection

We established a noninvasive field method for collecting
urine and measuring OT, AVP, and creatinine that was suc-
cessfully used in our sample representative of the US popu-
lation born between 1920 and 1947, 62 and 91 years of age
during the Wave 2 home interview of the National Social Life,
Health, and Aging Project (NSHAP; for an overview of all
biomarker collection, see O’Doherty et al., 2014 and for sam-
ple design and field methods, see Jaszczak et al., 2014). Wave
2 urine specimens were collected from a randomly selected
two-thirds of respondents. During a 120-min in-home inter-
view, respondents were asked to describe in detail their social
and family relationships, household living arrangements,
measures of psychosocial well-being, and reply to a battery
of questions detailing respondent health and medication. The
standardized interview provided a controlled environment
for OT and AVP to pool in respondents’ urine in the context
of a deep discussion with the field interviewer of their social
relationships, sexuality, stress, and work as well as providing
health measures such as body weight and height, strength and
mobility, heart rate and blood pressure.

At the same point in the standardized interview, respond-
ents were asked to provide biosamples including a clean-catch
urine specimen into a sealable container with a needle port on
its cap. As soon as the respondent returned with the urine con-
tainer, the field interviewer connected Vacutainers to its port
creating three aliquots within a sealed system. The aliquots
were immediately placed under frozen foam brick refrigerant
packs keeping them at 40-50 °F while they were mailed over-
night to the McClintock Survey Biomeasures Laboratory and
frozen for long-term storage (—80 °C; for detailed methods
of urine collection and shipping, see O’Doherty et al., 2014).

To establish feasibility of measuring social peptides in
urine, assays were run on urine aliquots from three sub-
studies: Wave 2 pretest (N = 115), the first set of samples
collected from Wave 2 respondents (N = 216), and a con-
firmatory substudy of freeze-thaw cycles and dehydration
markers among an additional 18 Wave 2 samples, as follows.

Assay Procedures

OT and AVP were extracted with solid phase extraction
(SPE) columns to purify the urine and remove interference
with the assay (Seltzer et al., 2010) and assayed with Assay
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Design ELISA Kkits, which have been validated for urine as
well as blood assays (Oxytocin EIA Kit, #910-153; Enzo
Life Sciences, Ann Arbor, MI and Arg8-Vasopressin EIA
Kit, #901-017; Enzo Life Sciences, Ann Arbor, MI), per kit
instructions as described previously (Bick & Dozier, 2010;
Gray, Parkin, & Samms-Vaughan, 2007; Seltzer et al.,
2010; Wismer Fries et al., 2005). Creatinine was assayed in
microtiter plates as described previously (Ziegler, Scheffler,
& Snowdon, 1995)

Variability of mean values across multiple assay plates
is measured by the interassay coefficient of variation (CV),
while variability of values across duplicates in a single
assay is measured by the intraassay CV. Standards and con-
trols were run on each plate of assays. The NSHAP data set
provides the plate and duplicate number for analysts wish-
ing to control for plate and duplicate effects to improve the
precision of their statistical models.

OT had a 10.99 intraassay and 18.03 interassay CV. AVP
had a 2.02 intraassay and 27.65 interassay CV, estimated
across multiple low and high control runs over a several
month period, values similar to others laboratories (Taylor,
Saphire-Bernstein, & Seeman, 2010). Creatinine had an
8.9 interassay and 2.02 intraassay CV (duplicate r = .99,
p <.001).

Each hormone assay relies on a standard curve derived
from a set of samples that have a standard range of known
hormone concentrations and measuring the direct signal
being used in the assay, in this case absorbance per unit
of measured protein hormone. A curvilinear regression
line is plotted through these standard sample data points to
determine the standard curve, which is used to determine
the unknown concentration of specimen measured based on
the absorbance directly measured for that sample. Samples
with values not on the standard curve are typically rerun at
a different dilution to bring the measures in range.

Specimens from the Wave 2 pretest (N = 115) and first
set of samples from Wave 2 respondents (N = 216) were
initially assayed for OT and AVP at 444 pl/well dilution and
18% were not on the standard curve. These samples were
thawed and reassayed at a 222 pl/well dilution. For AVP,
first Wave 2 respondent specimens (N = 216) yielded 87%
of AVP values on the standard curve and as a cross-check
were reassayed at 222 nl/well dilution, with 97.7% of val-
ues now on the standard curve indicating no assay interfer-
ence. All creatinine values fell on its standard curve.

Freeze-Thaw and Dehydration Marker Study

We then designed a freeze-thaw/dehydration study to
verify that the OT assay was not affected by the second
freeze-thaw cycle necessitated by reassaying to correct the
concentration. We also sought to validate creatinine as a
measure of mild or potential dehydration and concentrated
urine, since all specimens with OT above the standard curve
at first assay also showed high creatinine and AVP levels.
To test the mild dehydration hypothesis, we measured AVP,
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specific gravity, and acidity of urine, all additional markers
of concentrated urine.

Day 1: 18 additional specimens were randomly selected
from Wave 2 and assayed for OT, AVP, and creatinine, meas-
uring specific gravity, and pH. All specimens for the OT
freeze-thaw study were thawed at room temperature, then re-
aliquoted into two 1 ml and two 0.5 ml aliquots—for a total
of four aliquots per specimen. One of the 1 and 0.5ml ali-
quots for each specimen were frozen, while the others were
immediately run through SPE tubes (Seltzer et al., 2010).
Day 2: the 1 and 0.5ml aliquots frozen the day prior were
thawed at room temperature and run through the SPE tubes.
Day 3: all four tubes were set up for OT assay, then incu-
bated overnight. Day 4: OT assays were finished and calcu-
lated, followed by AVP and creatinine assays. OT was run at
both 444 pl/well dilution (using the 1 ml aliquot) and 222 pl/
well dilution (using the 0.5ml aliquot), with either a single
or a double freeze-thaw cycle preceding the assay. The Day
1 specimens experienced one freeze-thaw cycle, while the
Day 2 specimens experienced two freeze-thaw cycles.

Duplicate OT values were more highly correlated after a
second freeze-thaw cycle: first thaw at 444 pl/well dilution
(r=.79, p < .01), first thaw at 222 pl/well dilution (r = .86,
p < .001), second thaw and 444 pl/well dilution (r = .93,
p <.001), and second thaw and 222 pl/well dilution (r = .96,
p < .001). AVP duplicates were highly correlated (r = .94,
p <.001) as were creatinine duplicates (r = .99, p < .001).

Across all three substudies, Wave 2 pretest, first Wave 2
respondents, and freeze-thaw/dehydration, a total of 63 of
the OT specimens fell above the standard curve and were
thawed and diluted for reassay at a 222 pl/well dilution per
kit instruction or as described above.

Remaining Wave 2 specimens, for a total of N = 1,838
OT values, and N = 1,882 AVP values, were assayed as
described above.

Data Availability

Data for NSHAP Wave 2 are publicly available (NSHAP
Wave 2: Waite, Linda J., Kathleen Cagney, William
Dale, Elbert Huang, Edward O. Laumann, Martha K.
McClintock, Colm A. O’Muircheartaigh, L. Phillip
Schumm, and Benjamin Cornwell. National Social Life,
Health, and Aging Project (NSHAP): Wave 2 and Partner
Data Collection. ICPSR34921-v1. Ann Arbor, MI: Inter-
university Consortium for Political and Social Research
[distributor], 2014-04-29. doi:10.3886/ICPSR34921.v1.).

RESULTS

Distribution of Valid Creatinine-Corrected Levels of
Urinary Peptides

Fully 18% of older adults in the United States had cre-
atinine values indicative of mild dehydration and concen-
trated urine that interfered with the OT ELISA assay (see
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Figure 1). To control for such variation in urine concentra-
tion and volume at the time of specimen collection, creati-
nine must always be used to standardize hormone levels
across individuals. Creatinine is chosen to standardize uri-
nary values because it is secreted at a steady rate from mus-
cle, and so its level in a urine specimen is a marker for urine
concentration. Standardized OT and AVP values are always
expressed as their ratio with creatinine in mg/ml.

After refining our assay methods (detailed in the follow-
ing sections), we determined the distributions of urinary
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Figure 1. Distribution of creatinine levels in all three studies combined
(N = 349), with the 1.4mg/ml reference line indicating mild dehydration and
concentrated urine requiring dilution to prevent interference with the oxytocin
assay.
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OT and AVP (creatinine corrected) characteristic of com-
munity-dwelling older adults in the United States (born
between 1920 and 1947, aged 62-91). The wide range in
each distribution provides the opportunity to detect their
associations with physical health and psychosocial vari-
ables. As a means of describing the data, we conducted a
simple analysis of age and the gender differences expected
from differences reported for younger adults (Weisman,
Zagoory-Sharon, Schneiderman, Gordon, & Feldman,
2013), revealing interesting patterns warranting further
evaluation in a richer model (see Figure 2).

OT was higher at older ages (§ = 0.082, #(48) =2.42,p <
.019, multiple linear regression). As in younger adults, pos-
treproductive women appeared graphically to have higher
levels than men, but not significantly so in this simple anal-
ysis adjusting only for age (B = 7.213, #(48) = 1.31, p <
.197). There were also no gender differences in the asso-
ciation of higher chronological age and higher OT levels
(B=-0.07,1(48) =-0.96, p < .427). AVP was not associated
with either age or gender in this simple analysis. However,
as with reproductive aged adults, older men were graphi-
cally higher than women.

As an example that richer models are needed to reveal
associations with social peptides, such as the expected lower
levels of AVP at older ages, we introduced “happiness’” as an
exemplary psychosocial mood variable (a 5-point Likert style
scale ranging from usually unhappy to extremely unhappy,
see Payne et al., 2014). The lower values of AVP at older
ages evident graphically in Figure 2 were indeed statisti-
cally significant (§ = —2.153, #32)= —4.24, p < .001), with
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Figure 2. Adjusted predictions of creatinine-corrected oxytocin (OT) and vasopressin (AVP) during the NSHAP Wave 2 home interview, plotted by age and

gender with 95% CI and weighted to represent the U.S. population aged 62-91.
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neither gender differences overall (8 = 16.034, #32) = 0.23,
p < .823) nor gender differences in the negative association
between chronological age and AVP levels (3 = —0.098,
#(32) = -0.10, p < .924). Moreover, AVP was higher at every
level of happiness than it was among those who were “usu-
ally unhappy”: extremely happy (P = 1.872, #(32) =2.82,p <
.007), very happy (B = 2.242, #(32) = 3.36, p < .002), pretty
happy ( =1.719, 1(32) = 3.22, p < .002), and unhappy some-
times (3 = 1.849, #(32) = 2.50, p < .016), relative to usually
unhappy. There was no significant interaction between hap-
piness and either gender or gender and age.

Valid versus Out of Range Values

Vasopressin.—Almost all AVP values were valid, falling
on the linear portion of the standard curve used to convert an
assay machine reading into biological levels of hormones.
Moreover, although 13% of values were initially above
the curve at the 444 pl dilution (high out of range [OOR]),
the standard practice of diluting these saturated samples to
bring values down onto the standard curve was successful.
When diluted by half and assayed at 222 pl of urine per well,
only 2.3% of values were above the curve. Moreover, initial
and diluted reassayed AVP values significantly correlated
(r=.51, p<.01) also demonstrating assay validity.

Oxytocin.—In contrast, 18% of OT values were highly
saturated and above the standard curve (Table 1). This high
incidence of uninterpretable, highly saturated OT values
was replicated across the three substudies, indicating a
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problem with the OT assay for nearly one-fifth of the sam-
ples, as shown by a continuity-corrected homogeneity of
proportions test (Pearson %*(2) = 0.0891, p < .956).

Following the standard practice for adjusting for saturated
samples, specimens with OT values above the curve were also
diluted by half to bring their OT concentrations down onto
the standard curve during reassay. Surprisingly, these speci-
mens did not actually have high OT values but were in the
same range as the specimens not needing dilution (Figure 3).

In other words, the true values of the specimens were
actually on the curve, but appeared, spuriously, to be above
the curve when assayed in more concentrated urine. This
indicated to us that there were likely other compounds in
the concentrated urine that saturated the assay’s OT anti-
body, yielding inaccurately high values (known as assay
interference). Dilution to reduce the concentration of inter-
fering molecules solved this problem.

Effects of Dehydration

Why is the incidence of inaccurate above-curve values so
high in our population of older individuals? Our working
hypothesis is that mild dehydration typical among this older

Table 1. Oxytocin Assay Values After One Freeze-Thaw Cycle

Group Uninterpretable values > 225 pg/ml
Pretest (N = 115) 17.4%
Wave 2, first 216 samples 18.5%
Freeze-thaw study (N = 18) 16.7%
Total 18.1%

B. INITIAL OT VALUES > 225 pg/mL

0 100 200

FINAL OT VALUES, pg/mL

Figure 3. Final OT value distributions for undiluted specimens that were interpretable initially (<225 pg/ml, A, on the left) and those specimens that were highly
saturated and uninterpretable initially (>225 pg/ml, B, on the right; combining all three studies (N = 349). After dilution and reassay, specimens that initially regis-
tered as highly saturated values (B) now fell within the same normal range seen in the undiluted interpretable specimens (A), rather than having high values above

the range of the standard curve for OT, oxytocin.
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population yields more concentrated urine, and the molec-
ular composition of this urine binds with this assay’s OT
antibody. Barring a urine osmolality test for dehydration,
urine concentration can be ascertained through an exami-
nation of creatinine, levels of AVP, specific gravity, and
acidity (Barr et al., 2004; Eggleton, 1947; Kassirer, 1971).
Consistent with our dehydration hypothesis, specimens
with higher creatinine were more acidic (r(15) = -.50, p <
.04), had higher specific gravity (r(16) = .62, p < .01), and
higher AVP (1(16) = .76, p < .0003) (Figure 4).

Indeed, creatinine predicted which specimens yield invalid
over-saturated assay values, further supporting our hypoth-
esis that concentrated urine interferes with the OT assay.
Specimens that initially had OT values above the standard
curve also had higher creatinine levels than specimens with
OT initially on or below the curve (£(1,343) =30.67, p <.000,
analysis of variance). All three substudies had a similar preva-
lence of high creatinine indicating mild dehydration (effect of
study F(2,343) = 0.58, p < .5621, analysis of variance).

Optimal Cutpoints for Identifying Concentrated
Specimens Requiring Dilution

Next, to anticipate this interference problem and reduce
the number of specimens requiring reassay, we asked what
would be the optimal creatinine cutpoint for identifying
specimens requiring more dilution than the standard 222 pl
of urine per well. This avoids diluting all specimens, which
would lower all values, and problematically increase the
number of specimens with undetectable levels below the
standard curve. Table 2 provides the trade-offs between the
benefit of diluting specimens likely to be too concentrated,
and the cost of over-diluting others and increasing the OOR
low values. We recommend the creatinine concentration
of more than or equal to 1.4mg/ml (based on concordance
across substudies: Wave 2 pretest, 1.3 or 1.4 mg/ml and Wave
2 first 216 specimens, 1.42mg/ml) to minimize the number
of specimens uninterpretably above the curve.

Effects of Freeze-Thaw Cycle, Dilution, and Acidity
Procedural differences in the handling of specimens did
not introduce a systematic bias or error. A direct test of the
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effects of one or two freeze-thaw cycles on the results of the
assay found no evidence for degradation of OT (Figure 5;
r=.9, p <.0001). Acidity of the urine acts as a preservant
of OT, preventing it from degrading prior to assay. Indeed,
low acidity was associated with OT values below 3 pg/ml
(and low OOR F(1,17) =9.66, p < .007, a one-way analysis
of variance of specimens with values <3 or >3 pg/ml).

DiscussioN

These analyses demonstrate that OT, AVP, and creatinine
can be measured using urine specimens collected in the home
by nonmedical interviewers, permitting collection in both rep-
resentative population samples and challenging field settings
for both human and nonhuman animals. There are ample indi-
vidual differences in these hormone levels among older adults
(aged 62-91) living in communities of the United States,
inviting analysts to determine their role in the links between
social interactions, stress, and kidney function in older adults.

Concerns about possible confounds in the assay values
reported can be addressed with the many variables included in
the NSHAP data set. Plate and duplicate number can be used
to model and control for plate effects, although the large sam-
ple size makes this only of interest to the specialist. Geocoding
and date of interview can be used to evaluate seasonal effects.

The most important control, and one essential for inter-
preting the findings, was the interview itself. The field
interviewers followed a computer-programmed script,
so that the social interactions of the interview were rig-
orously controlled when urine was pooling in the hour
before collection. The interview survey questions fol-
lowed the same script across all participants and focused
on social networks, sexuality, and intimate relationships
prior to urine collection. Also during this time, partici-
pants engaged in measures of body type, cardiovascular
function, mobility, and strength, again in a highly stand-
ardized protocol (see O’Doherty et al., 2014).

OT and AVP have been implicated in a growing number
of studies examining social behaviors, cognition, bond-
ing, and, in the extreme, social deficit disorders such as
autism. AVP and creatinine can also be used to examine
kidney function and dehydration in older adults. Finally,
both OT and AVP release can be triggered in response to
social and physical stressors (Heinrichs, Baumgartner,
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Figure 4. Scatter plots showing correlations between creatinine levels and three dehydration markers: pH ( = 0.29, p < .05), specific gravity (§ = 68.1, p <.001),
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Table 2. Trade-offs Between the Number of Low, Interpretable And High OT Values Resulting From Each Potential
Creatinine Cut Point for Selecting Samples to Dilute Prior to OT Assay.

Low OOR values
< 3 pg/ml (= OOR

Possible creatinine cut points for diluting at

High OOR values > 225

Interpretable values (+ low OOR,  pg/ml (+OOR without

222 pl/well Prior To OT Assay without dilution) high OOR) dilution)

Wave 2 pretest data (N = 115)
444 ul/well (no dilution) 26 69 20
0.995 mg/ml 40 (+14) 71 (-14,+16) 4 (~16)
1.04 mg/ml 40 (+14) 71 (-14,+16) 5(-15)
1.28 mg/ml 31 (+5) 78 (-5,+14) 6 (-14)
1.31 mg/ml 29 (+3) 79 (-3,+13) 7 (-13)
1.34mg/ml 28 (+2) 79 (-2,+12) 8 (-12)
1.41 mg/ml 27 (+1) 79 (-1,+11) 9 (-11)
1.43mg/ml 27 (+1) 78 (-1,+10) 10 (-10)
1.62 mg/ml 26 (+0) 78 (-0,+9) 11 (-9)
1.63 mg/ml 26 (+0) 77 (-0,+8) 12 (-8)

Wave 2 first 216 samples data
444 ul/well (no dilution) 50 126 40
1.2mg/ml 65 (+15) 139 (-15,+28) 12 (-28)
1.3 mg/ml 58 (+8) 142 (-8,+24) 16 (-24)
1.4mg/ml 55 (+5) 144 (-5,+23) 17 (-23)
1.41 mg/ml 55 (+5) 144 (-5,+23) 17 (-23)
1.42 mg/ml 52 (+2) 147 (-2,+23) 17 (-23)
1.43 mg/ml 52 (+2) 146 (-2,+22) 18 (-22)
1.49 mg/ml 51 (+1) 146 (-1,+21) 19 (=21)
1.54 mg/ml 51 (+1) 146 (-1,+21) 19 (-21)
1.61 mg/ml 51 (+1) 145 (-1,+20) 20 (-20)

Note. +OOR indicates the increase or decrease in number of out of range values (OOR) relative to A 444 pl/well OT assay (no dilution). Confirmation of the
optimal cut point (1.41 mg/ml creatinine) by comparing data distributions from Wave 2 pretest and Wave 2 first 216 samples.
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Figure 5. OT values are significantly correlated between the first and second freeze-thaw cycles (r = .9, p <.000, excluding the high outlier; 222 pl dilution). OT, oxytocin.

Kirschbaum, & Ehlert, 2003; Taylor et al., 2000; Wotjak
et al., 1998). However, due to the challenges associated
with urine collection and peptide measurement, these
studies of necessity have examined a limited conveni-
ence sample or relied on pharmacological manipulation
(De Dreu, 2012; Guastella, Graustella, & MacLeod,
2012; Modi & Young, 2012). NSHAP provides a large
sample representative of older adults in the United
States.

Thereby, NSHAP provides valuable information on the
distribution of OT and AVP in older adults. We encour-
age richer models than presented here, which will profit by
including multiple variables that are of interest in themselves
and also potential controls: medication use, diagnosis of
hypertension, race, and other demographic variables. Future
analysts can also use such models to test the effects of psycho-
social variables known to affect OT and AVP. Not only was
the interview itself a highly standardized social interaction,
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KEY PoINTS

* High creatinine levels (21.4mg/ml), high pH, and
other established markers of mild dehydration pre-
dict interference with the OT assay, yielding artifi-
cially high results, which can be avoided with sample
dilution.

» Urine acidity predicts dilute urine with low OT con-
centrations for which the assay can be adjusted.

e Valid AVP values can be obtained at a standard 222 pl
dilution, without considering urine concentration or
pH.

e OT and AVP do not degrade after a second freeze-
thaw cycle.

» These techniques may also be useful for animal field
studies where mild dehydration can also occur.

but in the hour when urine was pooling, it asked participants
about their social and sexual lives. Thus, variation in OT and
AVP levels not only reflect differences in baseline, but also
differences in response to the same social interview. Taken
together, NSHAP data provide an exciting opportunity to
examine the association between OT and AVP and social net-
works, health, and bonding in the aging U.S. population.
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