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Abstract

Objectives—The objective of this study was to compare sex differences among referrals for

evaluation of poor growth.

Study design—This study was based on chart reviews of all new-patient encounters at

Children’s Hospital of Philadelphia Diagnostic and Research Growth Center for short stature or

poor growth evaluations during 2001. Outcome measures were patient growth characteristics,

frequency of underlying pathology, and frequency of laboratory and radiologic investigations

before referral.

Results—One hundred eighty-two boys and 96 girls were referred (P < .0001). Girls were

shorter, relative to the general population (median height z score, −2.4 vs −1.9 for boys, P = .02)

and mid-parental target heights (median deficit, 1.9 vs 1.3 SD, P < .01). Differences were more

pronounced starting at age 9 years. Median time to referral from initial fall-off on the growth

curve was 35 months in girls and 24 months in boys (not significant). The percentage of girls

(41%) with organic disease significantly exceeded that of boys (15%). Conversely, more boys

(72%) than girls (48%) were of normal height or short but healthy (P < .0001). Sex was not

associated with frequency of tests before referral; neither was severity of short stature.

Conclusions—Sex differences in short stature referrals may delay diagnosis of diseases in girls

while promoting overzealous evaluations of healthy boys who do not appear to be tall enough.

Growth is perhaps the most sensitive indicator of a child’s overall health; growth failure

may be the first and only sign of underlying disease in a child. For example, growth failure

may precede abdominal symptoms by months or years in children with inflammatory bowel

disease.1 Other diseases that can present with growth failure alone include celiac disease,2

cystic fibrosis,3 renal tubular acidosis,4 and HIV infection.5 Hence, growth should be

carefully monitored, and when an abnormality is identified, it should be investigated to

differentiate normal variants in healthy children from underlying pathology that requires

treatment.6 The American Academy of Pediatrics acknowledged the importance of growth

in its March 2000 ‘‘Recommendations for Preventative Pediatric Health Care,’’ stating that
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a child’s height and weight should be measured at least at birth, age 2 to 4 days, 1, 2, 4, 6, 9,

12, 15, 18, and 24 months, and every year thereafter through age 21 years.7

Because growth can serve as a marker for potential underlying disorders, growth failure

should be given equal import when evaluating children of either sex. On the contrary, social

pressures focus more on growth in boys than girls. Studies have linked height to elementary

school teachers’ perceptions of competence in the male students,8 male success in mating

selection,9 occupational success,10 achievement as an academic,11 perceptions of

presidential candidates,12 and perceived performance and leadership in military service.13

Growth hormone registries indicate preferential treatment of boys with poor growth; boys

receive growth hormone therapy by ratios of approximately 2:1, depending on the diagnosis,

with the highest for idiopathic short stature.14,15 This study proposed to determine whether

there are sex differences among children referred to a pediatric endocrine center for

evaluation of short stature or poor growth.

METHODS

All encounters at The Children’s Hospital of Philadelphia Diagnostic and Research Growth

Center for short stature or poor growth evaluations from January 1, 2001, through December

31, 2001, were reviewed. Only new patients with the chief complaint of short stature were

included in this study (n = 278). Patients with prior evaluation by an endocrinologist or

previous treatment with growth hormone (n = 34), children referred for pituitary evaluation

(secondary to brain tumor, meningitis, septo-optic dysplasia, and other brain malformations)

in whom growth was not the primary concern (n = 15), and girls with known Turner

syndrome (n = 6) were excluded.

Sex, age, patient height, parent height, final diagnosis, and laboratory and radiologic

evaluations before referral were extracted from patient charts and entered into a database.

The patient’s height at the first clinic visit was the arithmetic mean of three sequential

measurements, using a wall-mounted Holtain stadiometer for older children and a recumbent

stadiometer for infants and toddlers. Parents’ heights were self-reported. For 115 children, a

copy of their growth curves was available for estimating the age at first deviation, that is, the

age at which the plotted heights first fell across major percentiles.

The patient’s height measurement was converted into a height z score, standardized for age

and sex, using the Growth Calculator electronic program (developed by Phillip Cheng MD,

2000; referenced to the National Center for Health Statistics percentiles16). Mid-parental

target height was calculated by the method of Tanner17 and then transformed into mid-

parental target height z score using Growth Calculator. The patient’s height deficit was

calculated by subtracting the patient’s height z score from the mid-parental height z score,

and the time to referral was calculated by subtracting the age at first deviation across major

percentiles from the age at the first visit. Normal height was defined as healthy children

whose height z score was within 2 SD of both the population mean and their mid-parental

target. Diagnoses were tabulated for children whose heights did not meet the definition of

normal.
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Descriptive statistics and tests of hypotheses were calculated through the use of JMP

Software (SAS Institute; Cary, NC) and StatXact (Cytel Software Corp, Cambridge, MA).

Differences between male and female means were evaluated by Wilcoxon rank sum test for

continuous outcomes (due to skewed data sets) and by χ2 tests for categoric ones. Linear

trend analysis of male proportions as a function of age was performed using the Statcalc

program in EpiInfo (Centers for Disease Control and Prevention, Atlanta, GA). Logistic

regression analyses were applied to investigate if laboratory or radiologic testing, both the

total number of tests and frequency of each individual test, were related to sex, height z

score, or height deficit as explanatory variables in main effect, second-order or third-order

interactions.

Approval of the Children’s Hospital of Philadelphia Institutional Review Board was

obtained before commencing this study.

RESULTS

Referrals to our Growth Center included 182 boys and 96 girls, a significant (P < .0001)

departure from the null hypothesis of equal proportions. At the time of referral, the height

deficit was greater in girls than in boys, both relative to the general population (Figure 1)

and relative to their midparental target heights (Figure 2). Median height z score for girls

was −2.4 versus −1.9 for boys (P < .01), and median deficit from mid-parental target height

z score was 1.9 for girls versus 1.3 for boys (P < .001). Mid-parental height z score could not

be determined for 6 girls and 13 boys because of unknown height of one or both parents.

Although the median time to referral was longer in girls (35 months) than boys (24 months),

the difference was not statistically significant (P = .30) (Figure 3). The percentage of girls

(44%) versus boys (40%) for whom prior growth curves were provided was not statistically

different (P = .55).

The proportion of male referrals by age is shown in Figure 4; the linear trend was positively

associated with age across the entire group (P < .01). From Figure 4, it appears that the male

predominance was particularly evident starting at age 9 years. Indeed, boys comprised 57%

of the 117 referrals under the age of 9 years and 71% of the 161 children age 9 years and

older (P < .05). Under age 9 years, neither height z scores (medians −2.4 for girls and −2.1

for boys; P = .48) nor height deficits from the mid-parental target heights (medians, 1.8 for

girls and 1.5 for boys; P = .34) were significantly different between sexes. However, for

children age 9 years and older, the median height z score for girls was −2.4 versus −1.9 for

boys (P < .01), and median deficit from mid-parental target height z score was 2.1 for girls

versus 1.2 for boys (P < .001).

Organic disease was more common (P < .0001) among girls (39/96) than boys (27/182). The

risk ratio was 2.7, with 95% confidence interval of [1.8 to 4.2]. Even if the 9 girls found to

have Turner syndrome were excluded, more girls (31%) than boys (15%) had organic

disease. Conversely, the percentage of boys referred at normal height (38%) exceeded (P < .

01) that of girls (20%). Of the boys, 25% had constitutional growth delay, 7% had familial

short stature, and 2% had both; for girls, the proportions were 15%, 7%, and 6%,

respectively (P = .31 for all three diagnoses combined). Nonorganic diseases (failure to
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thrive/nutritional dwarfing and psychosocial dwarfing) were similar (9% of boys and 8% of

girls).

Sex was not significantly associated with the number of laboratory and/or radiologic studies

obtained before referral (P = .90) (Table). Logistic regression analysis identified one

statistically significant association of sex and laboratory testing: chromosomes (P < .001). A

trend existed in prior measurement of celiac antibodies, more often obtained in boys than

girls (P = .053), yet the one case of celiac disease found in our cohort was a girl. Prior

evaluation by the primary physician was not found to be statistically associated with the

severity of short stature, indicated by either height z score (P = .14) or deficit from mid-

parental height z score (P = .85).

DISCUSSION

Our data demonstrate a sex bias in referrals for poor growth evaluation. It is unclear if this

discrepancy results from dilution of the frequency of referrals for organic disease in boys by

all the healthy boys of normal or short height. More worrisome is the possibility that

underappreciation of growth problems in girls results in missed diagnoses in girls who are

not referred. Additional studies with access to the total primary care population are needed

to determine the characteristics of the children who are not referred. For example, in a Utah

school-based screening study, 50% of children found to have growth hormone deficiency

(2.7 male-to-female ratio) and 17% of the girls found to have Turner syndrome had been

previously advised to see an endocrinologist; only 25% of the former and none of the latter

had done so.18 It is also unclear what portion of the observed differences in referrals was

due to bias by the primary physicians or to selection bias by the patients and their families.

In response to the greater social pressures for tall stature in men, boys and their families may

be more likely to request specialist referrals from their primary physicians or else to seek

specialist care directly. Our study suggests that age plays a role, with the greatest pressures

felt in the peripubertal years. It would be interesting to explore other potential factors in

referral patterns, such as parental height, parental socioeconomic background, cultural

background, and insurance status.

Comparison with other studies confirms the sex bias in referrals. In our center, 72% of boys

and 48% of girls were of normal height or short with familial short stature, constitutional

growth delay, or both. These same categories comprised 63% of short stature referrals to the

Pediatric Endocrine Ambulatory Center at North Shore University Hospital during 1973 to

1991; the sex distribution was not reported.19 However, such marked differences were not

seen in the Utah school-based screening program; of the 555 children identified as growing

abnormally, 83% of boys and 77% of girls had familial short stature, constitutional growth

delay, or both.18 In a prospective study of 220 pediatric endocrine centers regarding children

referred for short stature whom the endocrinologists thought would be seen at least once

more for follow-up, 69% of the 21,736 children enrolled during 1981 through 1999 were

male (personal communication, Genentech). Although this population differs slightly from

our study of all new short stature referrals, the 2:1 ratio was also found.
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Either scenario portends a disservice to children. There may be significant medical

consequences to delayed or missed diagnoses in girls whose growth problems are

underappreciated. For example, long-standing unrecognized celiac disease can predispose to

other autoimmune conditions.20 Conversely, early diagnosis and treatment are associated

with better final height outcomes in growth hormone deficiency and Turner syndrome21 and

can obviate the need for delaying puberty.22 Chart reviews of the University of North

Carolina Turner Syndrome Clinic found an average 5.2-year delay in diagnosis from the

time the height had fallen below the 5th percentile.23 There may also be significant

consequences of overzealous evaluation and treatment of healthy boys. It reinforces to the

boys and their families that their height is a bona fide problem that requires medical

intervention, which may serve to exacerbate rather than alleviate the self-esteem issues with

which the boys may be grappling. Despite the social stresses demonstrated in multiple

studies, other studies have countered that short stature does not preclude normal

psychosocial adjustment in children or adults.24 On a societal level, it raises questions about

resource allocation and ethical debates about medical versus cosmetic treatment, a subject

already extensively argued in the literature.24–31 Our study demonstrates a sex bias in

referrals to a pediatric endocrine center for poor growth evaluations. In a survey of pediatric

endocrinologists, the specialists recommended growth hormone treatment 1.3 times as often

for identical hypothetical case scenarios that described male rather than female patients.32

The growth hormone registries already document a male predominance among treated

children.14,15 With the new FDA-approved indication for growth hormone therapy to treat

idiopathic short stature, these multilayered gender biases have the potential to translate into

even more significant therapeutic discrepancies.

This study adds to a worrisome trend in the recent literature that indicates suboptimal use of

growth monitoring. Despite the explicit American Academy of Pediatrics recommendations,

35% of well-child encounters at an academic pediatric clinic failed to plot growth

measurements and/or document a growth abnormality.33 Often, recommendations for

measuring and plotting length rather than height in younger children are not followed, or

improper equipment is used.34 Our chart reviews found cases exemplifying these previously

published errors, but most troublesome was the lack of prior growth curves for 163 of the

278 children referred. Failure to forward the growth curves does not necessarily mean that

the primary physicians did not construct such curves for use in their practices. Rather, it

highlights an underappreciation of the importance of growth curves as a tool for assessing

growth. Growth velocity cannot be determined from a solitary height measurement, so 59%

of the children referred specifically for the evaluation of poor growth did not have the data

necessary to include growth velocity in that evaluation. Although incomplete, the percentage

of growth curves provided for each sex did not differ statistically. The median time to

referral for girls was nearly 1 year longer than for boys, but the difference was not

statistically significant. This may be due to overlap of the two groups or to insufficient

power, associated with the reduced sample size involving only 41% of the subjects in this

study. A World Health Organization survey revealed suboptimal growth curve use to be a

global issue, including North America,35 one that we hope will be addressed for all children.
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Figure 1.
Histogram of height z scores at time of referral. Percentage of girls (gray) and boys (black)

whose height measured within each 0.5 SD interval is depicted.
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Figure 2.
Histogram of deficits from mid-parental target heights at time of referral. Percentage of girls

(gray) and boys (black) whose height deficit from their mid-parental target fell within each 1

SD interval is depicted.
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Figure 3.
Histogram of time to referral. Percentage of girls (gray) and boys (black) whose time to

referral lasted within each 20-month interval is depicted.
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Figure 4.
Histogram of male percentages by age. Number of children referred at each age is shown

above each column; column heights depict percentage of each annual grouping that is male

(50% is indicated by horizontal line).
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Table

Frequency of prereferral investigations, distributed by sex

Boys (%) Girls (%)

Chemistries/LFTs 24 25

CBC with differential 24 26

Sedimentation rate 9 10

Celiac antibodies 4 0

Sweat test 2 0

Urinalysis 3 1

Karyotype 0.5 8*

Thyroid functions 33 28

IGF-I 19 17

IGFBP-3 13 16

Growth hormone (random) 2 1

ACTH/cortisol 1 0

Gonadotropins 2 0

Testosterone 2 0

Estradiol 0 0

Other laboratory values† 4 5

Bone age 54 45

MRI of brain/pituitary 2 1

Skeletal radiography (R/O hypochondroplasia) 0.5 0

*
Significance is expressed as P < .05.

†
Other laboratory values for boys: HIV (1), lead level (1), insulin level (0.5), ferritin/iron/total iron binding capacity (0.5), homocysteine (0.5),

plasma amino acids (0.5); for girls: lead level (4), hepatitis serologies (1).
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