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Abstract

Context—Patients with pseudohypoparathyroidism type 1a (PHP-1a) develop early-onset 

obesity. The abnormality in energy expenditure and/or energy intake responsible for this weight 

gain is unknown.

Objective—The aim of this study was to evaluate energy expenditure in children with PHP-1a 

compared with obese controls.

Patients—We studied 6 obese females with PHP-1a and 17 obese female controls. Patients were 

recruited from a single academic center.

Measurements—Resting energy expenditure and thermogenic effect of a high fat meal were 

measured using whole room indirect calorimetry. Body composition was assessed using whole 

body dual energy x-ray absorptiometry. Fasting glucose, insulin and hemoglobin A1C were 

measured.

Results—Children with PHP-1a had decreased resting energy expenditure compared with obese 

controls (P <0.01). After adjustment for fat free mass, the PHP-1a group’s resting energy 

expenditure was 346.4 kcals/day less than obese controls (95% CI [−585.5 to −106.9], P <0.01). 

The thermogenic effect of food, expressed as percent increase in postprandial energy expenditure 

over resting energy expenditure, was lower in PHP-1a patients than obese controls but did not 

reach statistical significance (absolute reduction of 5.9%, 95% CI [−12.2% to 0.3%], P = 0.06).
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Conclusions—Our data indicate that children with PHP-1a have decreased resting energy 

expenditure compared with obese controls and that may contribute to the development of obesity 

in these children. These patients may also have abnormal diet-induced thermogenesis in response 

to a high fat meal. Understanding the causes of obesity in PHP-1a may allow for targeted 

nutritional or pharmacologic treatments in the future.
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Introduction

Pseudohypoparathyroidism is a rare disorder caused by mutations in the gene GNAS which 

encodes for the alpha subunit of the stimulatory G-protein (Gsα). The phenotype varies 

based on whether the mutant allele is inherited from the paternal or maternal chromosome, 

as the paternal allele is imprinted and silenced in some tissues. Patients with a maternally 

inherited mutation, termed pseudohypoparathyroidism type 1a (PHP-1a), demonstrate the 

classic Albright Hereditary Osteodystrophy (AHO) phenotype, including short stature, 

brachydactyly, subcutaneous ossifications and cognitive impairment. These patients also 

have multi-hormone resistance, most commonly parathyroid (PTH) resistance and thyroid 

stimulating hormone (TSH) resistance. In contrast, patients with a paternally inherited 

mutation, termed pseudopseudohypoparathyroidism (PPHP), have a mild AHO phenotype 

and no hormone resistance.

A recently recognized feature of PHP-1a is early-onset obesity. In one study, children with 

PHP-1a had an average BMI z-score of 2.58 ± 0.23 compared with an average BMI z-score 

of −0.41 ± 0.87 in children with PPHP.(1) Over 89% of the children with PHP-1a were 

classified as obese compared with 17% of children in the general population.(1) Adults with 

PHP-1a were more obese than both adults with PPHP and the general population.(1) The 

gnas exon 1 knockout mouse model also demonstrates increased obesity in mice with a 

maternally inherited mutant allele and paternally inherited mutant alleles, although to 

different degrees of severity.(2)

The etiology of early-onset obesity in PHP-1a is unknown. Hypothyroidism and growth 

hormone deficiency may contribute to obesity in these patients.(1) Abnormal function of the 

melanocortin-4 receptor (MC4R) is another possibility. MC4R is a Gsα-coupled receptor 

(GPCR) that plays a critical role in energy homeostasis. Heterozygous and homozygous 

mutations in MC4R are well documented in humans to lead to a syndrome of early-onset 

obesity, hyperinsulinemia, increased bone mineral density, and accelerated linear growth.(3, 

4) Similarities between the obesity syndromes in mc4r and gnas exon 1 knockout mice, 

along with the coupling of the MC4R through Gsα support the possibility of abnormal 

MC4R function in PHP-1a. Mice have paternal imprinting of gnas in the paraventricular 

nucleus of the hypothalamus, an important site of MC4R action.(5) Like the mc4r knockout, 

the gnas exon 1 knockout mouse has abnormalities in energy expenditure and sympathetic 

nervous system activity.(2, 5) Both the MC4R and Gsα murine models demonstrate insulin 

resistance and impaired glucose tolerance that may develop prior to the onset of obesity.
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(5-7) Previous work in our lab demonstrated absence of appropriate diet-induced 

thermogenesis in the mc4r knockout mouse in response to a high fat diet.(8)

We postulated that children with PHP-1a have abnormal hypothalamic MC4R signaling. 

Based on data from the MC4R and Gsα murine model, we hypothesized that children with 

PHP-1a would have abnormal energy expenditure compared with obese controls. We also 

hypothesized that children with PHP-1a have increased insulin resistance compared with 

obese controls. We measured energy expenditure and insulin resistance in children with 

PHP-1a compared with a group of obese control patients to test this hypothesis.

Subjects and Methods

Participants

Children between the ages of 7 and 18 years old were recruited from the Pediatric 

Endocrinology Clinic and Pediatric Weight Management Clinic at Vanderbilt University 

from November, 2010 through December, 2011. Through review of clinic records, 8 eligible 

patients with a clinical diagnosis of PHP-1a were identified and 6 female patients enrolled in 

the study. Obese control patients were identified through clinic visits and advertisements in 

clinic waiting rooms. Inclusion criteria included a current BMI >95th percentile for age and 

gender and onset of obesity prior to 10 years old. We enrolled 21 female obese controls in 

the study. Exclusion criteria included diabetes, Cushing syndrome, Prader-Willi syndrome, 

growth hormone deficiency and use of metformin or other appetite altering drug in the past 3 

months. Patients with treated hypothyroidism were eligible to participate. Study visits were 

held at the Clinical Research Center (CRC) at Vanderbilt University (Nashville, TN, USA). 

All studies were approved by the Institutional Review Board of Vanderbilt University. 

Informed consent was obtained from all participants or a parent of the participant and assent 

was obtained from participants under 18 years old.

Experimental procedure

Participants were asked to maintain their usual diet and abstain from vigorous exercise in the 

two days prior to the study visit. Participants arrived to the CRC in the fasting state. A 

physician performed a physical exam, including assessment of pubertal development using 

Tanner stages. Patients were defined as pubertal if Tanner stage 2 or above for breast 

development (females) or testicular size (males). Standing height was measured using a 

wall-mounted stadiometer. Weight was measured using a digital scale, lightly clothed and 

without shoes. Body mass index (BMI) was calculated using the equation BMI= weight 

(kg)/height (m)2. BMI, height and weight z-scores were also calculated as standard 

deviations from the mean using gender and age specific Centers for Disease Control growth 

charts. Fat mass, fat free mass, and bone mineral density (BMD) were measured by whole 

body dual energy x-ray absorptiometry using pediatric software (DXA, Lunar Prodigy, GE 

Medical Systems, Madison, WI, USA).

A fasting blood sample was obtained for measurement of glucose (mg/dL), insulin (μU/mL) 

and hemoglobin A1C. Insulin resistance was calculated using the homeostasis model 

assessment index equation HOMA-IR = insulin * glucose/405.(9)
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Energy expenditure was measured using whole-room indirect calorimetry. The room has 

strictly controlled temperature and humidity and is equipped with a window to the outside, 

window to the adjacent room, food pass window, sink, toilet, chair, and multimedia panel 

that includes TV. Participants were allowed to view movies, read, or use an iPad during the 

study. Participants rested quietly with minimal movement in a reclining chair for 30 minutes 

prior to determining the resting energy expenditure (REE). Measurements were recorded in 

1 minute intervals and REEmeasured was calculated over a 30 minute period from rates of 

oxygen consumption and carbon dioxide production using the Weir equation.(10) The 

predicted REE was calculated using the female specific equation REEpredicted = 51.2 * 

weight (kg) + 24.5 * height (cm) −207.5 * age (years) + 1 629.8 (11, 12) and converted to 

kcal/day by multiplying by 0.239. The percentage of expected REE was calculated using the 

formula REE% predicted= 100 * REEmeasured/REEpredicted.

Participants were given a high fat test meal through the window pass through. The meal 

consisted of a milkshake of chocolate Carnation® instant breakfast and whipping cream 

(81% fat, 17% carbohydrate, 2% protein). Energy content of the meal was standardized 

individually to provide 35% of the REEmeasured. The meal was consumed in less than 30 

minutes and the remaining shake was weighed. The thermogenic effect of food (TEF) was 

calculated as the postprandial increase in energy expenditure above the REE over 180 

minutes. Participants were observed throughout the study. Only data from when participants 

were seated quietly with minimal movement as recorded minute-by-minute was included in 

the analysis.

Mutation analysis—Genetic testing for PHP-1a was not part of the study protocol. Three 

PHP-1a patients had previous DNA sequencing of GNAS1 during routine clinical care by the 

Johns Hopkins University School of Medicine DNA Diagnostic Laboratory (Baltimore, MD, 

USA). Genetic testing for GNAS mutations detects approximately 80% of mutations 

associated with PHP-1a.

All obese controls were genotyped for mutations in MC4R. MC4R primers were used to 

PCR amplify genomic DNA isolated from whole blood. The Vanderbilt University Center 

for Human Genetics Research DNA Resources Core provided technical assistance for this 

work. The entire DNA coding sequence as well as ~400 bp upstream and ~300 bp 

downstream of the MC4R gene was amplified using two PCR primers 1921 bp apart (Fwd: 

gtgtcaccctgcaatttgtg, and Rev: tgttacgaaagcacgcaaag). Amplified samples were treated with 

exosap-IT® (USB Corp., Cleveland, OH, USA) and sequenced using 3 forward primers to 

ensure signal overlap and accurate sequencing (Fwd 1: tctcacagactcccattgca; Fwd 2: 

cacagcaatgccagtgagtc; Fwd 3: cccggcactggtgccatccg) using BigDye Terminator chemistry 

resolved on the ABI 3730xl DNA Analyzer. DNA sequences of patients were compared 

with the NCBI MC4R Reference Sequence: NC_000018.9 (software Seqscape V2.5, 

Applied Biosystems).

Data Collection—Study data were collected and managed using REDCap electronic data 

capture tools hosted at Vanderbilt University.(13) REDCap (Research Electronic Data 

Capture) is a secure, web-based application designed to support data capture for research 

studies.
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Statistical Analysis—We enrolled 3 controls per case. Total sample size was limited by 

the number of patients with PHP-1a identified in our endocrinology clinic. Unless specified 

otherwise, data are expressed as median (lower quartile, upper quartile) and nonparametric 

tests were used. General characteristics were compared using the Mann-Whitney U test and 

Fisher’s exact test. The nonparametric 95% confidence interval estimates the median of the 

difference between a sample from the PHP-1a patients and a sample from obese controls 

(this does not estimate the difference in medians but rather the median of the difference 

between a sample from ‘x’ and a sample from ‘y’). REE was assessed using the Mann-

Whitney U test and linear regression. Each case was matched with a control based on fat 

free mass and REE was assessed using a Wilcoxon signed rank test. If there was no control 

with a fat free mass within 3 kg of a case, that case was excluded from the paired analysis. 

The thermogenic effect of food was assessed over multiple time points using a linear 

regression model with time and patient group as predictors. To allow for the potential non-

linearity in the trend of TEF over time, restricted cubic splines with 3 knots were used for 

the time predictor. Huber’s robust sandwich estimator was used to account for repeated 

observations.(14) Statistical analysis was conducted using SPSS version 19 and R version 

2.13.1.

Results

Study Population

We evaluated 6 patients with PHP-1a. Since all PHP-1a patients were female, we evaluated 

21 female obese controls. Two control patients were withdrawn from the study, one due to 

inability to obtain a blood sample and one due to protocol noncompliance. Two control 

patients were found to have MC4R mutations; they are not included in this analysis. Thus, a 

total of 17 control patients were included in the analysis. One PHP-1a participant and 5 

obese controls ate <80% of the test meal; the data for those participants are not included in 

the analysis of TEF. A total of 5 PHP-1a participants and 12 obese controls were included in 

the TEF analysis.

Baseline Characteristics

Table 1 summarizes the general characteristics and metabolic profiles of the participants. 

There was a difference in race between the two groups; the PHP-1a group was Caucasian 

while the obese control group was 59% Caucasian, 35% African American and 6% Asian. 

Age, weight and body fat percentage were not significantly different between groups. The 

average BMI z-score was very similar between the PHP-1a group and the control group (2.6 

(2.2, 2.8) vs. 2.5 (2.2, 2.6)). The age range was 7 to 18 years old in the PHP-1a group and 8 

to 18 years old in the control group. In the PHP-1a group, 50% of the participants were 

pubertal as compared to 82% of the control group. As expected, height z-score was 

significantly lower in the PHP-1a group than the obese controls (−0.4 (−2.3, 0.7) vs. 1.3 

(0.7, 2.0), P <0.01). Height z-score differed between the pubertal and pre-pubertal PHP-1a 

patients (−2.8 (−2.9, −1.8, n=3) vs. 0.9 (0.4, 0.9, n=3)), no difference was present between 

pubertal and pre-pubertal controls. The total body BMD z-scores were above average for all 

participants and there was no difference between groups. Systolic blood pressure and heart 

rate were not significantly different between groups, although these tests may be 
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underpowered due to small sample size. Four obese controls had treated hypothyroidism; all 

were adequately controlled with normal free T4 and TSH. There was no significant 

difference between euthyroid controls and those treated for hypothyroidism in any variable.

Table 2 summarizes the GNAS mutation analysis and diagnostic criteria of the PHP-1a 

patients. None of the patients were treated with growth hormone (GH) at the time of the 

study. Patient #6 had been treated with GH from 12 to 14 years of age; the other patients all 

had normal growth rates during childhood. Five of six PHP-1a patients had TSH resistance 

and were treated with levothyroxine. All patients had normal free T4 levels. Three patients 

had elevated TSH levels though the free T4 levels were at the upper limit of normal.

Laboratory tests

One obese control had an abnormal fasting glucose (103 mg/dL) and one obese control had a 

hemoglobin A1C in the prediabetes range (5.8%). No patients were diagnosed with diabetes. 

All obese controls and 4 of 6 PHP-1a patients had evidence of insulin resistance by HOMA-

IR. There were no statistically significant differences in insulin, glucose, HOMA-IR or 

hemoglobin A1C between groups, although these tests may be underpowered due to small 

sample size (Table 1). There was also no statistically significant difference in insulin, 

glucose, HOMA-IR or hemoglobin A1when the PHP-1a group was compared with only the 

Caucasian controls.

Energy Expenditure

Patients with PHP-1a had decreased resting energy expenditure (Table 3 and Figure 1). The 

PHP-1a group had lower REE%predicted than obese controls (107.9% (105.9, 111.8) vs. 

115.5% (112.1, 123.1), P <0.01). The same result was found when comparing the PHP-1a 

group and only the Caucasian controls (107.9% (105.9, 111.8) vs. 115.6% (112.1, 123.1), P= 

0.03). In the obese control group there was no statistically significant difference between 

REE%predicted in Caucasians versus African Americans (median of the difference 0.033 

(−0.78, 0.171), P= 0.6) or in euthyroid patients versus treated hypothyroid patients (median 

of the difference 0.107 (−0.017, 0.204), P= 0.1). Figure 1 shows REE as a function of fat 

free mass. Patients with PHP-1a had decreased REE after adjusting for fat free mass (−346.4 

kcals/day, 95% CI [−585.5, −106.9], P <0.01 by linear regression). Due to the differences in 

height, the control patients had a higher average fat free mass (50.4 kg (39.1, 58.1) vs. 36.2 

kg (30.9, 37.1), P= 0.09). We therefore further analyzed REE in five PHP-1a patients closely 

matched with controls based on fat free mass (Table 3). There was one PHP-1a patient for 

whom an appropriate control was not identified. In the paired analysis, PHP-1a patients 

again had a lower REE than matched obese controls (P= 0.04 by Wilcoxon signed rank test).

Data was available for calculation of TEF from 12 obese controls and 5 PHP-1a participants. 

In a linear regression model of TEF (expressed as percent increase in postprandial energy 

expenditure over REE) over 180 minutes, the PHP-1a group’s TEF was more than 50% 

lower than obese controls though this did not reach statistical significance (absolute 

reduction of 5.9%, 95% CI [−12.2%, 0.3%], P = 0.06, Figure 2). There was no statistically 

significant difference between groups in the percent of the meal eaten or the time it took for 

the participant to finish the meal. Two of the six (33%) PHP-1a patients had self-reported 
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hyperphagia on review of systems which was similar to the obese controls (5 of 17, 29%). In 

contrast, the two patients with MC4R mutations had marked hyperphagia and finished the 

meal in less than 5 minutes versus a median of 17 minutes (15, 22) for obese controls and 19 

minutes (15, 29) for the PHP-1a group (P= 0.4).

Discussion

Our results show that patients with PHP-1a have decreased REE when compared with obese 

controls with similar body composition. The differences in REE are clinically significant, 

patients with PHP-1a had a REE that was 346.4 kcals/day lower (95% CI −585.5 to −106.9) 

than obese controls with comparable fat free mass. To our knowledge, this is the first study 

to measure energy expenditure in patients with PHP-1a. The dramatically decreased REE, in 

the absence of apparent hyperphagia, may explain a component of the rapid weight gain 

seen in children with PHP-1a.(15-17) Our findings are supported by previous studies in the 

murine model.(2, 5)

Since a defining characteristic with PHP-1a is hormone resistance on the basis of defective 

Gsα signaling, hormonal abnormalities have been suspected as a cause of the early-onset 

obesity. GH deficiency due to growth hormone releasing hormone resistance may contribute 

to the obese phenotype in some patients.(18, 19) In our cohort, however, only one PHP-1a 

patient had evidence of GH deficiency. This patient was treated with GH for two years but 

her BMI continued to increase from 30.2 kg/m2 to 34.0 kg/m2 during that time period. While 

GH deficiency alters body composition, adults with growth hormone deficiency have normal 

REE both pre and post-treatment with recombinant GH, particularly after adjustment for fat 

free mass.(20, 21)

TSH resistance is very common in PHP-1a but it is not clear that hypothyroidism causes 

weight gain in children or adults.(22, 23) Hypothyroidism is unlikely to contribute to the 

obesity phenotype in PHP-1a as most patients are treated with adequate thyroid hormone 

replacement from an early age, particularly in the era of newborn screening. In addition, 

patients with PHP-1a may not be truly hypothyroid as they are often able to maintain normal 

thyroxine levels by increasing their TSH levels. In our cohort, all five PHP-1a patients with 

TSH resistance were diagnosed as infants. While three PHP-1a patients had mildly elevated 

TSH levels, all had free T4 levels at the upper end of the reference range. It is possible that 

these patients had only recently become compliant with levothyroxine, or that they are 

chronically non-compliant but able to overcome the TSH resistance and maintain normal 

thyroxine levels by increasing their TSH level. None of our participants had overt 

hypothyroidism and changes in REE and body composition have not been seen in 

subclinical hypothyroidism.(24)

We postulate that abnormal function of the MC4R in the hypothalamus contributes to the 

obesity phenotype in PHP-1a. The MC4R is a Gsα-coupled GPCR and a critical regulator of 

energy homeostasis. In tissues where GNAS is biallelically expressed, there should be no 

difference in phenotype between PHP-1a and PPHP. Since early-onset obesity is present 

only in PHP-1a patients,(1) imprinting must play a role. Unlike adipose and liver tissue, 

there is evidence of paternal imprinting of gnas in the mouse hypothalamus.(5) In a brain 
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specific gnas knockout, disruption of the maternal allele led to decreased REE and a more 

than two-fold increase in feed efficiency (weight gain/kcal intake) compared with disruption 

of the paternal allele.(5) The mice also failed to increase energy expenditure in response to 

MTII, a melanocortin agonist, though the anorexic effects of MTII were maintained.(5) Our 

data agree with the animal data as our PHP-1a patients appear to gain weight due to 

decreased REE without patient report of hyperphagia. In at least one study, patients 

heterozygous for MC4R mutations were also found to have decreased REE compared with 

obese controls. (25)

Another similarity between the obesity phenotype of MC4R mutations and Gsα mutations is 

a defect in thermogenesis. Diet induced thermogenesis accounts for approximately 10% of 

daily energy expenditure.(26) Individual variability in TEF may be related to obesity and 

insulin resistance.(27, 28) Both the MC4R and brain-specific Gsα mouse models have 

impaired diet-induced thermogenesis and do not increase their energy expenditure while on 

a high fat diet,(5, 8) likely due to decreased sympathetic nervous system (SNS) activity.(5, 

29) A decrease in TEF means that food is digested more efficiently with less energy lost as 

heat. This increase in feeding efficiency could lead to greater than expected weight gain and 

may also contribute to the obesity phenotype of patients with PHP-1a. In our study, we 

found that PHP-1a patients had more than a 50% decrease in TEF in response to a high fat 

meal compared with controls, though this did not meet statistical significance due to the 

small sample size. The subjects also had difficulty remaining sedentary for the entire study 

which may account for the increasing TEF seen during the last 60 minutes in both groups. 

We measured TEF for 3 hours but it is possible that the effect continues for up to 6 hours. 

Additional studies are needed to confirm these findings and to explore whether the defect in 

TEF is nutrient specific. The effect of MC4R mutations on TEF in humans is unknown.

MC4R mutations are associated with increased insulin resistance and type 2 diabetes in 

childhood.(3, 4) Both the MC4R and Gsα murine models demonstrate insulin resistance and 

impaired glucose tolerance that may develop prior to the onset of obesity.(5-7) In our study, 

we found that 4 of 6 children with PHP-1a had already developed hyperinsulinemia and 

insulin resistance, however, we did not find evidence that that the insulin resistance in 

PHP-1a is more severe or earlier in onset than in obese controls. Surprisingly, patients with 

PHP-1a had a lower mean HOMA than obese controls (3.2 (1.1, 3.9) vs. 4.2 (2.8, 7.1) P= 

0.14) though this was not statistically significant and may have been influenced by racial 

differences between groups.

While CNS changes may be sufficient to cause obesity in PHP-1a, there are differences 

between the phenotype of MC4R and Gsα mutations. Humans and mice with abnormal 

MC4R demonstrate hyperphagia, changes in autonomic tone, and subsequent obesity (3, 8, 

29) while the obesity due to Gsα mutations appears to be due primarily to decreased energy 

expenditure, with no apparent hyperphagia in the murine model(5). Food intake and hunger 

have not been systematically investigated in patients with PHP-1a and there are conflicting 

case reports in the literature.(15, 17) The possible lack of hyperphagia in PHP-1a may be 

explained by Gsα being biallelically expressed in brain regions involved in food intake. 

There is conflicting evidence on REE in humans with MC4R mutations; this may be due to 

the heterogeneity of the mutations and resulting variability in receptor function.(3, 25, 30) 
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The effect on REE may be more pronounced in PHP-1a as these patients are functionally 

homozygous for GNAS mutations in imprinted tissues, while most patients identified with 

MC4R mutations are heterozygous. Alternatively, the pronounced effects on REE in PHP-1a 

may result from defects in both MC4R and other Gsα-dependent GPCRs.

The main limitation of our study is the small sample size, implying low power and wide 

confidence intervals for many of the parameters of interest. While the two groups were 

similar in degree of adiposity, the PHP-1a group was shorter and therefore had a lower fat 

free mass. We attempted to control for the difference in fat free mass in our analysis of REE 

but this is a limitation of the study. We have only studied female patients and do not know if 

our results are generalizable to male patients. All PHP-1a patients were Caucasian while the 

obese control group included African American and Asian patients. Previous studies have 

shown decreased REE in African Americans compared with white subjects whereas we 

found an increased REE in our obese control patients compared to PHP-1a patients. When 

we compared REE in the PHP-1a group to only the Caucasian controls, our results remained 

statistically significant. Unfortunately, our small sample size limits the ability to adjust for 

race as a potential confounder in the linear regression models. TEF is a difficult parameter to 

measure and there is no universally accepted protocol. Our study monitored TEF for 180 

minutes; it is possible that PHP-1a patients have a delayed TEF when compared to obese 

controls that was not captured in this study. TEF may also be affected by the ambient 

temperature. While the study was not conducted at thermoneutrality, the metabolic chamber 

used in this study has strictly controlled temperature and humidity so the environment was 

similar for each subject and participants had access to blankets if cold. Finally, it is possible 

that menstrual cycle in pubertal females contributes to variability in energy expenditure. The 

timing of menses was not controlled for in our study, but we found similar results for our 

pubertal and prepubertal participants.(31, 32)

Understanding the etiology of weight gain is critical to design targeted nutritional and/or 

pharmacological interventions for patients with PHP-1a. Our data provides evidence that 

decreased REE occurs in children with PHP-1a. We did not find evidence of increased 

insulin resistance in children with PHP-1a compared to obese controls. Further studies are 

needed to confirm these findings and to better understand the risk of insulin resistance and 

diabetes in patients with PHP-1a.
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Figure 1. 
Patients with pseudohypoparathyroidism 1a (PHP-1a) have decreased resting energy 

expenditure (REE) after adjusting for fat free mass (−346.4 kcals/day, 95% CI [−585.5, 

−106.9], p= 0.007, linear regression). The linear regression equation is represented on the 

graph as a solid line for obese controls and a dotted line for PHP-1a patients. Patients with 

PHP-1a are represented by open circles and obese control patients are represented by black 

dots. REE was measured using whole-room indirect calorimetry. Fat free mass was 

determined using whole-body dual energy x-ray absorptiometry.
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Figure 2. 
Estimated means of the percent increase in thermogenic effect of food over time stratified by 

mutation type. Due to the sample size, the model was constrained to have a constant mean 

difference between groups. Patients with PHP-1a are represented by the dotted line and 

obese control patients are represented by the solid black line. The light gray shading 

represents 95% CI; areas where the 95% CI overlap are represented by dark gray shading. 

Patients stood up to receive the meal which resulted in an increase in energy expenditure at 

time 0; they were instructed to remain seated for the remainder of the study.

Shoemaker et al. Page 13

Int J Obes (Lond). Author manuscript; available in PMC 2014 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shoemaker et al. Page 14

Table 1

General Characteristics and Metabolic Profile

PHP-1a
(n = 6)

Obese Controls
(n= 17)

Median of differences
(Nonparametric CI*)

Age (years) 11.8 (8.5, 15.0) 12.6 (10.8, 15.3) −0.8 (−5.4 to 3.4)

Race

 Caucasian 100% (n=6) 58.8% (n= 10)

 African-American 0% 35.3% (n= 6)

 Asian 0% 5.9% (n= 1)

Weight Z-score 2.7 (1.6, 3.0) 2.8 (2.3, 3.0) −0.1 (−1.6 to 0.5)

Height Z-score −0.4 (−2.3, 0.7) 1.3 (0.7, 2.0) −1.9 (−4.0 to -0.6)

BMI Z-score 2.6 (2.2, 2.8) 2.5 (2.2, 2.6) 0.1 (−0.4 to 0.4)

Body fat percentage 48 (46, 50) 47 (46,52) −0.7 (−7.8 to 3.8)

BMD Z-score 1.6 (0.8, 3.2) 2.0 (1.4, 2.4) −0.2 (−1.4 to 1.4)

Heart Rate (bpm) 74 (70, 80) 86 (79, 91) −9 (−19 to 2)

Systolic BP (mmHg) 116 (107,125) 123 (110,128) −5 (−19 to 7)

Hemoglobin A1C (%) 5.2 (5.1, 5.4) 5.5 (5.4, 5.6) −0.3 (−0.4 to 0.1)

Fasting glucose (mg/dL) 80 (78, 87) 91 (83, 94) −7 (−16 to 4)

Fasting insulin (mcU/mL) 16 (5, 23) 23 (12, 35) −9.1 (−22.3 to 6.2)

HOMA-IR 3.2 (1.1, 3.9) 4.2 (2.8, 7.1) −2.2 (−5.1 to 0.7)

PHP-1a, pseudohypoparathyroidism type 1a; BMI, body mass index; BMD, bone mineral density; HOMA-IR, homeostasis model assessment 
index of insulin resistance. Data expressed as median (lower quartile, upper quartile). BMI, height and weight z-scores were calculated as standard 
deviations from the mean using gender and age specific Centers for Disease Control growth charts.

*
The nonparametric 95% confidence interval estimates the median of the difference between a sample from the PHP-1a patients and a sample from 

obese patients; it does not estimate the difference in medians.
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Table 3

Resting energy expenditure of cases and controls matched based on fat free mass

PHP-1a Matched Obese Control

Patient Fat Free Mass
(kg)

REEmeasured
(kcals/day)

Fat Free
Mass (kg)

REEmeasured
(kcals/day)

1 30.9 1540 Not available Not available

2* 36.2 1 252 35.7 2 176

3* 61.5 2 145 61.4 2 355

4 36.2 1 853 35.5 2 088

5 27.8 1 322 25.6 1461

6 37.1 1432 37.0 2 112

PHP-1a, pseudohypoparathyroidism type 1a. REEmeasured, resting energy expenditure as determined by whole-room indirect calorimetry.

*
Siblings
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