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Abstract
Cardiovascular disease is a primary cause of morbidity and mortality in captive chimpanzees. Four
years of blood pressure data was analyzed from a captive former laboratory population of 201
healthy adult chimpanzees with assessment of age and obesity on elevated blood pressure. Five
different measures of obesity were compared: abdominal girth, basal metabolic rate, body-mass
index (BMI), body weight and surface area. Systolic BP varied by sex. Obesity did not influence
male BP. For females, obesity was a significant determinant of BP. The best measure of female
obesity was basal metabolic rate and the worst was BMI. Median systolic BP of healthy weight
females (<54.5 Kg) was significantly lower (128 mmHg) than overweight or obese females (140
mmHg), but both were lower than all males (147 mmHg). For diastolic BP, neither sex nor any of
the 5 obesity measures was significant. But age was highly significant, with geriatric chimpanzees
(> 30 years) having higher median diastolic blood pressure (74 mmHg) than young adults of 10–
29 years old (65 mmHg). By these criteria, 80% of this population is normotensive, 7% pre-
hypertensive and 13% hypertensive. In summary, systolic BP intervals required adjustment for
obesity among females but not males. Diastolic BP required adjustment for advanced age (≥30
years). Use of these reference intervals can facilitate timely clinical care of captive chimpanzees.
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Introduction
Hypertension is a classic risk factor for cardiovascular disease (CVD) in humans
(Chobanian et al., 2003; Kazaam et al., 2005; National High Blood Pressure Education
Program, 1997; O’Donnell and Kannel, 2002). In humans, hypertension increases the risk of
cardiac failure 2 to 3-fold (Kannel and Stokes, 1985; Kenchaiah et al., 2004). Hypertension
doubles the risk of CVD-related death for every 20/10mm increase in blood pressure (BP),
and no critical threshold exists below which an individual is risk-free (Lewington et al.,
2002). High blood pressure is also associated with increased heart size, particularly left-
ventricular hypertrophy (LVH), and cardiac arrhythmias (Jokiniitty et al., 2001; Sparrow et
al., 1985; Tanase et al., 1982; Yiu and Tse, 2008). Consequently, the monitoring and
prevention of blood pressure has become a primary concern in human medicine (Chobanian
et al., 2003), and the primary risk reduction strategy is treatment of hypertension (Botdorf et
al., 2011; Kazzam et al., 2005).
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Among captive chimpanzees, cardiac disease is a primary cause of morbidity and mortality
(Ely et al., 2010, 2011a, b; Lammey et al., 2008; Seiler et al., 2009; Sleeper et al., 2005;
Varki et al., 2009). A survey of four chimpanzee laboratory facilities showed that 35% of all
reported deaths were due to cardiac disease (Varki et al., 2009). Interstitial myocardial
fibrosis (IMF) characterizes cardiac pathology in chimpanzees but is rare in humans (Varki
et al., 2009). Yet it resembles the etiology of human hypertensive cardiac disease, wherein
LVH develops as an adaptive structural changes from pressure overload (hypertension),
leading eventually to remodeling changes (myocardial fibrosis) and heart failure (Diez et al.,
2005; Diez, 2007). Thus the high prevalence of sudden cardiac death characterized post-
mortem by IMF was hypothesized to result from long-term hypertension precipitated by
malignant arrhythmias in chimpanzees (Ely et al., 2010, 2011a,b; Doane et al., 2006;
Lammey, 2008; Seiler et al., 2009).

These considerations have made the understanding of chimpanzee hypertension a priority.
Until recently, the lack of reliable blood pressure reference values for healthy adult
chimpanzees prevented reliable and objective identification of high blood pressure and
stymied rigorous analysis of the association between hypertension and CVD. The first study
of chimpanzee blood pressure focused on subadults, included only 5 chimpanzees above 30
years of age, did not define health status, used inappropriate statistical methods to infer
“normal” ranges, and did not distinguish normotension from pre-hypertension or
hypertension (Eichberg and Shade, 1987). Later studies incorporated numerous analytical or
design shortcomings, including arbitrary definitions of hypertension based on multiple
human reference standards (Elliot et al., 2007; Sleeper et al., 2005); indiscriminately
combined subadults (<10 yr old) with adults (Elliot et al., 2007); failed to distinguish the
effects of different sedatives on BP (Videan et al., 2007); and failed to account for the
effects of induction by projectile dart sedation versus voluntary manual injection (Videan et
al., 2007). Recent experimental evidence demonstrated that chimpanzee blood pressure
increased by 0.09–0.13 mmHg per 1 mmol/day of dietary salt (Elliot et al., 2007). Elevated
blood pressure is a serious public health concern because it is a risk factor for heart disease,
stroke and renal disease (Henney et al., 2010). However, that study did not attempt to define
blood pressure reference intervals for healthy chimpanzee (Elliott et al., 2007). Preliminary
evidence that high blood pressure was related to age and obesity and increased the risk of
all–cause mortality in chimpanzees was limited by sample size restrictions (Ely et al.,
2011b). Given the increasingly geriatric (≥30 yr) and obesogenic profile of captive U.S.
laboratory chimpanzees, and the association of hypertension with CVD, the impact of these
determinants of hypertension remain of concern (Andrade et al., 2011; Grundy et al., 2004;
McTighe et al., 2011; Miller et al., 2011; Seaberg et al., 2005; Videan et al., 2007).

To resolve these questions, the current study assembled blood pressure measurements
collected during routine physical examinations on healthy adult chimpanzees over a four
year period. This expanded dataset was used to statistically investigate the effects of age, sex
and obesity on blood pressure. Analytical methods from human laboratory medicine were
used to define reference intervals for systolic and diastolic blood pressure (Harris and Boyd,
1995). Results allowed more precise definition of normotensive, pre-hypertensive and
hypertensive categories in healthy adult chimpanzees and are applicable in similar clinical
veterinary settings involving adult chimpanzees.

Materials/Methods
Facility

The Alamogordo Primate Facility (APF) is a research reserve chimpanzee colony. No APF
chimpanzees have been involved in laboratory research since contract inception in 2001.
The population consisted of captive-born descendants of founders from the West African
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subspecies, Pan troglodytes verus (Ely et al., 2005). Chimpanzees were housed in same-sex
group housing, plus several mixed-sex groups involving vasectomized males, to comply
with the NIH breeding moratorium (ILAR, 1997). At the beginning of this study, the colony
consisted of 201 animals (107 males and 94 females). Animals were fed a commercial
primate diet (5LR2 containing 0.077% salt, Purina Labs, St. Louis, MO, USA)
supplemented by fresh fruit and vegetables. Animals were maintained in indoor dens (180
ft2), with 24 hr access to outdoor exercise areas (242 ft2) or 802 ft2 PrimadomesR. All APF
chimpanzees participated in the daily enrichment program, involving novel foods and
activities, to maintain psychological well-being. Animals were maintained in accordance
with the Guide for the Care and Use of Laboratory Animals (ILAR, 1996). The facility and
its program were fully accredited by the Association for Assessment and Accreditation of
Laboratory Animal Care, International (AAALAC).

Health Status and physical examinations
All APF chimpanzees received annual physical examinations (PEs). The time frame of this
study (21 January 2004 to 2 April 2008) used a single consistent PE protocol to assess blood
pressure (BP). After overnight fasting, animals were sedated by voluntary intramuscular
injection of 3.0 mg/Kg Telazol (Tiletamine, Fort Dodge Animal Products, Fort Dodge, IA).
A total of 408 PEs were performed on 201 healthy adult chimpanzees (107 males, 94
females) during the study period. Of these, 207 PEs were repeated on the same individuals,
for an average of 2.1 PEs/chimpanzee. PEs included hematology, clinical chemistry, body
temperature, heart rate, ECG, pulse oxygen and blood pressure. Chimpanzees were
evaluated for health status at the time of the PE and were considered healthy if they had no
known morbid condition and were not on any medications (Ely et al., 2011b). Analysis was
restricted to clinically healthy adult chimpanzees, aged 10 years or more (Ely et al., 2011b;
Lee and Guhad, 2001).

Data collection and calculations
All data were collected with full prior approval by the APF IACUC. Body weight (in Kg)
was measured on calibrated scales (Avery Weigh-Tronix, model E10, Fairmont, MN). Body
height was measured with a device that permitted reliable objective measurement of the
crown-pubic bone length. Abdominal girth was measured at the umbilicus using a calibrated
tape measure. The Quetelet formula (weight [in Kg]/height2 [in meters]) was used to
estimate body-mass index (Berman and Schwartz, 1988; Eknoyan, 2008).] Blood pressure
(BP) was measured using a non-invasive automatic oscillometry monitoring device
(Passport 2 patient monitor, Datascope Corporation, Montvale, NJ), with an air-inflatable
cuff and hose. BP data were collected within 15 min of sedation (Denton et al., 1995). Three
consecutive blood pressure readings were recorded at 2.5 min intervals, during which time
animals were not manipulated. Potential laterality differences were avoided by exclusive use
of the right arm for BP readings (Kim et al., 2003). Human studies often drop the initial BP
reading, to account for the “white coat” effect, then use the remaining two consecutive
readings to estimate mean systolic and diastolic BP (McAllister & Strauss, 2001; NHBPEP,
1997; Vasan et al., 2001). Chimpanzee BP readings that had only two readings were
downward biased and had greater variability (Ely et al., 2011b). Therefore, data from PEs
was only included if there were three consecutive BP readings. Previously published data on
Gabonese sanctuary chimpanzees that were fed a naturalistic low-salt diet were re-analyzed
and used as a standard of comparison (Elliot et al., 2007).

Five different measures of obesity were estimated and evaluated. First, abdominal girth was
measured (in cm) at the umbilicus using a calibrated plastic tape-measure. Second, body
weight was measured in Kg. Third, Quetelet’s body-mass index (BMI) was estimated as
body weight (in Kg) divided by the square of crown-rump length, in meters (Berman and
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Schwartz, 1988; Eknoyan, 2008). Fourth, body surface area (SA) was estimated using
Meeh’s allometric equation, which defines SA (a measure of thermal homeostasis) as
proportional to the two-thirds power of body weight (Calder, 1984; Livingston and Lee,
2001). Phylogenetic divergence time estimates of humans and rhesus macaques (Macaca
mulatta) from chimpanzees were used to interpolate the constant (c=1049) and exponent
(x=0.70) of the allometric equation for chimpanzee surface area (Burgess and Yang, 2008).
The resulting formula, SA=1049*Mass0.70, was used to estimate chimpanzee body surface
area. Finally, basal metabolic rate (BMR), which is proportional to body size, was estimated
using the Brody-Proctor allometric equation as BMR=3.41*Mass0.73 (Calder, 1984;
Livingston and Kohlstadt, 2005).

Statistical Methods
Statistical modeling was performed on SYSTAT version 11.0 (SYSTAT Software, Inc.,
Richmond, CA). The analysis of variance (ANOVA) was used, with statistical significance
determined by omnibus F-statistics (Snedecor and Cochran, 1967) or single degree-of-
freedom comparisons (Rosenthal and Rosnow, 1982). Covariates believed to influence
blood pressure included sex and age (Ely et al., 2011b). Three consecutive BP readings were
averaged to produce a single mean systolic and mean diastolic BP values (National High
Blood Pressure Education Program, 1997). The Shapiro-Wilks omnibus goodness-of-fit test
was used to verify the assumption of a Normal (Gaussian) distribution (Conover, 1980).
Non-Gaussian data were normalized using a natural logarithm transformation (Ely et al.,
2011b; Elliot et al., 2007). Outliers were identified using Studentized residuals and
eliminated from statistical modeling.

Reference Intervals
Statistically significant covariates do not automatically identify clinically important sub-
groups (Harris and Boyd, 1995; McGeechan et al., 2008). Two criteria were used to
determine when to partition into subgroups with separate reference intervals: 1) a z* statistic
> 5.0; or 2) a z* statistic > 3.0 and either a ≥10% reduction of subgroup standard deviations
relative to pooled data, or a ratio of standard deviations > 1.5 (Harris and Boyd, 1990, 1995;
Horn and Pesce, 2005). Outliers were identified and eliminated using the robust Tukey inter-
quartile method (Dixon, 1953; Harris and Boyd, 1995; Horn and Pesce, 2005; Tukey, 1977).
Reference intervals were estimated with commercial software (MedCalc version 11.6,
MedCalc Software, Mariakerke, Belgium) using the Harrell-Davis bootstrap method or the
robust method, depending on sample size (CLSI, 2008; Harrell and Davis, 1982; Harris and
Boyd, 1995; Horn and Pesce, 2005; Hutson and Ernst, 2000). Normotension was defined as
BP readings below the 90th percentile. Pre-hypertension was defined as BP readings
between the 90th and 95th percentiles. Hypertension was defined as readings greater than or
equal to the 95th percentile.

Results
There was no trend for the chimpanzees to increase in weight (X2

3=0.964, p=0.810), decade
of life (X2

3=2.124, p=0.346), or in systolic and diastolic BP (X2
5=8.185, p=0.184) in

subsequent PEs.

Systolic Blood Pressure
It was hypothesized that age and sex would influence systolic BP. Sex was a highly
significant predictor of systolic BP (F1,406 =30.404, p<0.000) and separate reference
intervals by sex were necessary. Therefore, all subsequent statistical modeling was
performed separately for males and females.
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For females, age was not significant (Table 1). The five different measures of obesity (body
weight, abdominal girth, BMI, Meeh surface area, and BMR) were fit in separate models
and compared results. Results demonstrated that BMI was not significant but the other four
obesity measures (abdominal girth, body weight, Meeh surface area, and BMR) were
significant (Table 1). Among the 5 measures of obesity, BMR provided the best fit to the
data (Table 1). This suggested that it is not body weight per se but the role of body weight in
determining basal metabolic rate (BMR) that influences systolic blood pressure among
females. When divided into healthy weight, overweight and obese categories, there was a
significant increase in mean systolic BP with increasing body weight (healthy weight =128
mmHg, overweight =137 mmHg, obese =139 mmHg). Partitioning tests indicated that
healthy weight females had significantly lower systolic BP than the overweight and obese
females, which did not differ from each other. Therefore, two separate reference intervals
were required, one for healthy weight females (<54.5 Kg) and one for overweight and obese
females (≥54.5 Kg) (Figure 2). For healthy-weight females, the median systolic BP was 128
mmHg, the normotensive interval ranged up to 144 mmHg, the pre-hypertensive interval
was from 145–149 mmHg, and the hypertension interval was 150+ mmHg (Figure 1, Table
2). For overweight or obese females, the median systolic BP was 140 mmHg (Figure 1,
Table 2). The normotensive interval ranged up to 158 mmHg, the pre-hypertensive interval
ranged from 159–163 mmHg, and the hypertension interval) was 164+ mmHg (Figure 1,
Table 2).

For males, age was not significant a significant predictor of systolic BP (Table 1). Separate
models were fit for all 5 measures of obesity, none of which approached statistical
significance in males (Table 1). This resulted in a single group consisting of all adult males
for estimation of systolic BP reference intervals. This interval for all healthy adult males had
a median systolic BP of 147 mmHg. The normotensive interval ranged up to 165 mmHg, the
pre-hypertensive interval from 166–171 mmHg, and the hypertension interval was 172
mmHg and above (Figure 1, Table 2).

Diastolic Blood Pressure
The same analytical procedures were repeated for diastolic blood pressure. It was again
hypothesized that age, sex and obesity would influence diastolic BP. Results indicated that
there was no influence of sex (F1,405=0.024, p=0.632; Table 2). None of the 5 obesity
measures was significant, although abdominal girth performed best (Table 2). Age was
highly significant (Table 2). When categorized by decade of life, age maintained a highly
significant effect on diastolic BP (Table 2). Mean diastolic BP increased linearly, from 61
mmHg among 10–19 year olds, to 65 mmHg among 20–29 year olds, to 73 mmHg among
geriatric (≥30 year old) chimpanzees. This represented an average increase of 6.3 mmHg per
decade of life.

Partitioning tests indicated that the difference between 10–19 year olds and 20–29 year olds
was too small (only 4 mmHg) to justify partitioning into separate subgroups. But separation
of geriatric (≥30 years old) animals from both younger age groups was strongly justified.
Therefore, age was categorized as young adult (10–29 years old) and geriatric (≥30 years
old) chimpanzees. Separate reference intervals were then constructed for both age groups.
For young adults, the median diastolic BP was 65 mmHg and the normotensive interval
ranged up to 77 mmHg (Figure 2, Table 3). The pre-hypertension interval ranged from 78–
81, and the hypertension interval was 82 mmHg and above (Figure 2, Table 3). For geriatric
animals (30+ years old), the median diastolic BP was 74 mmHg and the normotensive
interval ranged up to 86 mmHg (Figure 2, Table 3). The pre-hypertensive interval ranged
from 88–89, and the hypertension interval was 90 mmHg and above (Figure 2, Table 3).
Thus, at every point, geriatric chimpanzees had 8–9 mmHg higher diastolic blood pressure
than younger adult chimpanzees.
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Comparison to Gabonese sanctuary chimpanzees on low-salt diet
For purposes of comparison, reference intervals were also estimated for young adult (10–16
year old) Gabonese chimpanzees eating a low-salt diet (Elliot et al., 2007). Their median
systolic BP was 119, with a pre-hypertension category from 143–148.9 mmHg, and a
hypertension category from 149 mmHg and above (Figure 1). Their median diastolic BP
was 53 mmHg, with a pre-hypertension category from 65–67.9 mmHg, and a hypertension
category from 68 mmHg and above (Figure 2). By comparison, captive females of healthy
body weight had pre-hypertension and hypertension categories that were virtually identical
to the Gabonese chimpanzees, although their median systolic BP was 9 mmHg higher
(Figure 1). By contrast, the overweight/obese females plus all males had systolic BP levels
that were 15–28 mmHg higher at every point (Figure 1). For diastolic BP, the Gabonese
chimpanzees had diastolic BP levels that were 12–22 mmHg lower, compared to all captive
chimpanzees, both young adult and geriatric (Figure 2).

Discussion
Statistical analysis of a large dataset drawn from four years of physical examinations on
healthy adult chimpanzees was used to clarify the effects of age, sex and obesity on blood
pressure. Obesity increased systolic BP in females but not males. Diastolic BP increased
with age in both sexes. Reference intervals for systolic and diastolic BP were adjusted for
age and sex. Separate systolic BP reference intervals were required for females by body
weight. Separate diastolic BP intervals were needed for geriatric chimpanzees (≥30 years
old). These intervals defined normotension, pre-hypertension and hypertension (Table 3;
Figures 1, 2) and are recommended for healthy adult chimpanzees (>10 yo) sedated with
Telazol.

High blood pressure was not uncommon in this colony. Overall, 80% of the chimpanzees
were normotensive, 7% pre-hypertensive and 13% hypertensive (Table 4). Ignoring the
effects of sex and age (Table 3), 14 individuals would be reclassified, resulting in 74%
normotensive, 7% pre-hypertensive and 19% hypertensive. This 6% difference in the
prevalence of hypertension represents the increased risk of hypertension due to increased
body weight among females and to advanced age in both sexes.

This work corroborates and extends earlier findings. First, there is a sex difference in the
effects of obesity, which increased systolic blood pressure among female but not male
chimpanzees (Andrade et al., 2011; Ely et al., 2011b). Secondly, these body weight
categories (healthy weight ≤ 54.5 Kg; overweight =55 to 65.9, obese ≥66 Kg) correspond
closely to suggestions drawn from a leaner chimpanzee population (Videan et al., 2007).
Third, advanced age (≥30 yr old) significantly increased diastolic BP in both sexes (Ely et
al., 2011b). These are important considerations in the medical management of increasingly
obese geriatric captive chimpanzee populations (Ely et al., 2011a,b; McTighe et al., 2011).

The 5 different measures of obesity (body weight, body mass index, abdominal girth,
surface area, and basal metabolic rate) performed differently. First, no measure of obesity
influenced male systolic BP (Table 1). Other authors reported similar sex differences
(Adrade et al., 2011; Videan et al., 2007). Nor did any measurement of obesity influence
diastolic BP (Table 2). For females, the only obesity measure not associated with systolic
BP was BMI (Table 1). Despite its widespread usage, BMI is a poor surrogate for body fat
composition (Heymsfield et al., 2007; Prentice and Jebb, 2001). Abdominal girth and body
surface area showed only weak associations to systolic BP. Other authors reported
correlations of waist circumference with female (but not male) diastolic BP (Adrade et al.,
2011). Waist circumference is an important marker of metabolic syndrome in humans but an
inadequate marker of visceral obesity (Després et al., 2008; Grundy et al., 2004). This
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exemplifies the differences in cardiometabolic risks and cardiac disease between
chimpanzees and humans (Varki et al., 2009). BMI, abdominal girth and body surface area
were poor measures of obesity. The best measurement of obesity was body weight. Its
strong similarity to BMR suggested that it is not body weight per se, but the role of body
weight in determining basal metabolic rate that influences female systolic blood pressure.
The three categories of body weight used here (healthy-weight <54.5 Kg, over-weight 55–
65.9 Kg, and obese ≥66 Kg) are recommended as guidelines.

The comparison of blood pressure reference intervals for these captive chimpanzees to
Gabonese sanctuary chimpanzees was instructive. Captive females of healthy weight had
very similar systolic BP compared to the naturalistic Gabonese population (Figure 1). But
overweight and obese females and all males had higher systolic BP (Figure 1). This suggests
that captive chimpanzee populations can emulate a natural low systolic blood pressure by
maintaining a healthy body weight. In contrast, all captive chimpanzees had diastolic BP
that was 15–22 mmHg higher than the naturalistic Gabonese population (Figure 2). Since
the Gabonese population was both younger (mean age=14.6 yr, range 10.5 to 17.9 yr old)
and consumed a low-salt diet, the observed differences in BP could be due to lower age,
lower dietary salt, or both. Strictly speaking, other explanations cannot be ruled out,
including potential subspecies genetic differences (Ely et al., 2005) or unidentified feature(s)
of captivity (Terio et al., 2011). In any case, the husbandry lesson is clear: systolic BP can
be minimized in captive settings by maintaining healthy body weight (54.5 Kg).

Several limitations of this work should be noted. First, these data were obtained from
chimpanzees sedated by Telazol. It is not known how these reference intervals would
compare to intervals obtained from alert chimpanzees or from chimpanzees sedated with a
different sedative. Secondly, the best measure of obesity was basal metabolic rate (BMR), as
estimated allometrically from body weight. Allometric estimates of BMR from body size in
humans, while generally accurate, required adjustment for effects of age and sex (Livingston
and Kohlstadt, 1999). Yet calorimetric estimates of BMR are independent of body weight
(Snodgrass et al., 2008). It would be worthwhile to benchmark these morphometric
measures of obesity against more precise calculations of total body fat and lean body mass
using methods such as D2O dilution (Kanto and Clawson, 1980) or dexascan (Haarbo et al.,
1991). This suggests a need for more detailed characterization of obesity, including body-
condition scores, in chimpanzees. Finally, the association between elevated BP and CVD
risk requires more extensive study in chimpanzees (Kannel and Stokes, 1985; Kenchaiah et
al., 2004; Lewington et al., 2002). Evidence that chimpanzees with systolic BP above the
90th% ile had a 3.6-fold increased risk of CVD (Ely et al., 2011b) was the first indication
that high BP could cause heart failure and potentially lead to myocardial fibrosis in
chimpanzees (Ely et al., 2011b). This is the model of human hypertensive heart disease
(Diez, 2005; Diez et al., 2007; Ely et al., 2011b; Lammey et al., 2008; Kenchaiah et al.,
2004; Weber, 2000). Although a pre-hypertension category was not supported by the data
(Ely et al., 2011b), it remains a distinct possibility given the elevated risk of progression to
CVD in pre-hypertensive humans (Elliot and Black, 2007). Consequently, there is a need for
prospective longitudinal studies on chimpanzee cardiac disease (Varki et al., 2009). Larger
and more detailed epidemiological studies are needed to fully characterize the association
between hypertension, interstitial myocardial fibrosis, and the risk of cardiac disease and
CVD-related mortality (Ely et al., 2010, 2011a,b, Lammey et al., 2008; Terio et al., 2011).
Prospective cohort studies are feasible in any large captive chimpanzee population and in
collections of smaller populations, if conducted using standardized methods across
institutions (Dindo, 2012). Such studies should assess the impact of elevated BP, as defined
here, on cardiac disease and other disorders disease related to hypertension, including end-
stage renal disease and hypertensive nephrosclerosis (Bergersen, 2006; Botdorf et al., 2011;
Jung et al., 2004; Luke, 1999).
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This is only the third application to veterinary medicine (Ely et al., 2011b; McTighe et al.,
2011) of analytical methods for reference intervals developed for human laboratory
medicine 40 years ago (Grasbeck and Saris, 1969; Solberg, 1987; Solberg and Gräsbeck,
1989; Sunderman, 1975). These methods are demonstrably superior to statistical methods
based on Normal (Gaussian) theory and should be used in all veterinary medical situations
requiring the determination of reference intervals for healthy animals, such as hematology,
clinical chemistry, organ sizes, and disease biomarkers. A key rationale underlying the
theory of reference intervals is the need to define a reference population, particularly their
health status (Ely et al., 2011b). Harris and Boyd, 1995; Horn et al., 2001). Best practice is
to clearly define the reference population (here, captive adult chimpanzees free of trauma
and medication and sedated with Telazol), make health determinations during the physical
examination itself, and exclude data on unhealthy subjects from all subsequent analyses.

Conclusions
1. Analysis of four years of blood pressure data on 201 captive adult chimpanzees

allowed clear definitions of chimpanzee normotension, pre-hypertension and
hypertension, controlling for sex and age.

2. The best measure of obesity was body weight and is best understood as a proxy for
basal metabolic rate.

3. Overweight or obese females and all males had higher systolic BP than healthy-
weight females, which were comparable to BP expected on a low-salt diet.

4. Younger adult chimpanzees (10–29 years old) have lower diastolic BP than
geriatric (>30 year old) chimpanzees.

5. The blood pressure reference intervals defined here are appropriate for the average
of 3 consecutive readings on healthy adult chimpanzees sedated with Telazol.
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Figure 1.
Median, 90th and 95th percentiles depicted per group
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Figure 2.
Median, 90th and 95th percentiles depicted per group
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Table 2

ANOVA Results for Diastolic BP in Chimpanzees

All Chimpanzees (Male & Female)

FACTOR F df P R2

Age 46.687 1,406 <0.000** 10.3%

Sex 0.024 1, 405 0.632 10.5%

5 Obesity measures:

 Body Weight 0.413 1, 404 0.521 10.5%

 Abdominal Girth 1.716 1, 390 0.191 9.9%

 BMI 0.392 1, 390 0.531 9.6%

 Meeh Surface Area 0.089 1, 390 0.766 9.5%

 Basal metabolic rate 0.408 1, 404 0.523 10.5%

Legend:

**
p<0.001
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TABLE 4

Prevalence (%) of Systolic and Diastolic Normotension, Pre-hypertension and Hypertension.

Diastolic BP

Systolic BP Normotensive Pre-hypertensive Hypertensive Total

Normotensive 161 (80%) 8 (4%) 11 (5.5%) 180

Prehypertensive 2 (1%) 4 (2%) 1 (0.5%) 7

Hypertensive 8 (4%) 1 (0.5%) 5 (2.5%) 14

Total 171 13 17 201
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