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Abstract

Background Children with chronic kidney disease (CKD) have delays in normal growth and pubertal development. We describe
factors associated with delayed menarche and the association of delayed menarche with short stature in girls with CKD.
Methods Two hundred eighty-seven girls with CKD onset prior to menarche within the Chronic Kidney Disease in Children
(CKiD) cohort were studied. Delayed menarche was defined as menarche at age 15 years or older; short stature was defined as
last available height 2 standard deviations below projected adult height. Kaplan-Meier cumulative incidence function was used to
estimate median age at menarche. Chi-squared and Wilcoxon rank-sum tests were used to assess factors associated with delayed
menarche. Chi-squared test was used to evaluate the association between delayed menarche and short stature.

Results Among 287 girls, 68 enrolled with prevalent menarche, 131 were observed to have incident menarche, and 88 were
pre-menarchal at their last study visit. Median age at menarche was 12 years. Ten percent had delayed menarche. African
American race, lower estimated glomerular filtration rate, ever corticosteroid use, and longer CKD duration were associ-
ated with delayed menarche (p < 0.05). Girls with delayed menarche had lower height and weight percentiles at the time of
menarche (p < 0.05). Sixty-one percent of girls with delayed menarche had short stature compared with only 35% of girls
without delayed menarche (p = 0.03).

Conclusion Median age at menarche is similar among girls with CKD and healthy girls. Ten percent of girls with CKD had
delayed menarche and may be at risk for short stature.
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Introduction considered a high-risk period for decline in kidney function
among children with CKD. Studies have shown accelerated
Children with chronic kidney disease (CKD) have delays in ~ decline in kidney function after the onset of the pubertal
normal growth and pubertal development [1-3]. Puberty is  growth spurt [4]. Pubertal delay has also been associated with
a range of complications including neurocognitive impair-
ment, increased fracture risk, and cardiovascular disease in
the general population [4-7].
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race and ethnicity. [9] The median age at menarche in the
general population is 12.4 years, with earlier menarche among
non-Hispanic blacks (12.1 years) versus non-Hispanic white
girls (12.6 years). [10] Data from the National Health and
Nutrition Examination Survey (NHANES) has shown a trend
toward earlier menarche with younger generations. [11]
Delayed puberty is defined as lack of signs of pubertal devel-
opment at an age 2 to 2.5 standard deviations above the mean
for children of the same sex. For girls, lack of pubertal devel-
opment by age 13 is considered delayed puberty [8]. Delayed
menarche is defined as the absence of menses by age 15 [8].

Prior studies of pubertal development in children with
CKD have shown that children on renal replacement therapy
(RRT) have delayed pubertal onset by 2-2.5 years, and men-
arche occurred at the upper limit of normal (around 15 years of
age) in about half of girls on RRT [2, 3]. However, to our
knowledge, there are no large studies evaluating age at men-
arche among girls with CKD prior to RRT. We aimed to de-
scribe the age at menarche among a large cohort of girls with
CKD and identify factors associated with delayed menarche.
In addition, we aimed to evaluate the association between
delayed menarche and short stature as a marker of physical
development among girls with CKD.

Methods
Study design

This analysis utilized data from the Chronic Kidney Disease in
Children (CKiD) prospective cohort study. Initial CKiD study
design and methods have been published previously [12].
Inclusion criteria included age 1-16 years and estimated glo-
merular filtration rate (¢GFR) of 30-90 ml/min per 1.73 m2,
calculated using the bedside CKiD equation [13, 14]. The
cohort was further restricted to female subjects who reported
onset of menarche after CKD diagnosis.

Variables

Baseline clinical and demographic data were obtained at study
entry including race, glomerular versus non-glomerular diag-
nosis, age of onset of CKD, birth history (including prematu-
rity, small for gestational age, or low birth weight), and mid-
parental height. Menarchal status (self-reported), Tanner
stage, height, weight, medications (self-reported), and eGFR
were collected at annual study visits [15].

Delayed menarche was defined as menarche at age 15 years
or older or pre-menarche at age 15 years or older at last study
follow-up. Projected adult height for girls was calculated as:
(father’s height + mother’s height — 13 cm)/2, where height
was measured in centimeters [ 16]. Short stature was defined as
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a last observed height less than 2 standard deviations below
projected mid-parental height [16].

Statistical methods

The cumulative incidence of age at menarche was estimated
using the Kaplan-Meier method. This allowed a comparison
of ages at menarche among girls with CKD to healthy girls
based on previously published data from NHANES [11]. This
method appropriately accounted for girls who had not yet
reached menarche as being “at-risk,” but menarche-free.
Time origin was set at age 5 years, with a time metric of age
in years, and outcome of menarche. Chi-squared and
Wilcoxon rank-sum tests were used to assess factors associat-
ed with delayed menarche including race, abnormal birth his-
tory, need for food assistance, age of CKD onset, duration of
CKD, glomerular versus non-glomerular diagnosis, eGFR,
ever growth hormone use, ever corticosteroid use, BMI,
weight percentile, and height percentile. A Chi-squared test
was also used to evaluate the association between delayed
menarche and short stature. Analyses were conducted using
Stata, version 15.1 [17]. A p value of less than 0.05 was the
threshold for statistical significance.

Results

The cohort included 287 girls. Forty eight girls with menarche
prior to CKD onset were excluded. Of the 287 girls included,
68 had prevalent menarche, 131 had incident menarche, and
88 were pre-menarchal at last study follow-up. All girls with
prevalent menarche reported menarche prior to age 15. Of the
131 girls with incident menarche, 124 had menarche prior to
age 15 and 7 had delayed menarche. Of the 88 girls who were
pre-menarchal at last study follow-up, 14 demonstrated de-
layed menarche as they were pre-menarchal at age 15 or older.
The estimated median age of menarche was 12.0 years (inter-
quartile range (IQR), 12.0-14.0 years) (Fig. 1). The observed
median age of menarche among girls with prevalent and inci-
dent menarche was 14.0 (IQR, 12.9-15.1 years). The majority
of girls in the CKiD study population had menarche at similar
age to girls in the NHANES population. However, 10% of
girls in CKiD had delayed menarche as opposed to less than
5% of girls in NHANES (Fig. 1).

Table 1 shows demographic and clinical characteristics of
124 girls without delayed menarche compared with 21 girls
with delayed menarche. This table excludes girls with preva-
lent menarche, as we were unable to assess time-varying clin-
ical variables at the time of menarche. The median age at
menarche for those without delayed menarche was 12.0
(IQR, 12.0-13.0 years). The median age at menarche for
post-menarchal girls with delayed menarche was 15.0 years
(IQR, 15.0-16.0 years). The median age for pre-menarchal
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girls who were defined as having delayed menarche due to
pre-menarchal status at age 15 or older was 16.1 years (IQR,
15.2-17.9 years). Girls with delayed menarche were more
likely to be of African American race, have been prescribed

corticosteroids, have longer duration of kidney disease, and
have lower eGFR at the time of menarche compared with girls
with normal onset of menarche (p < 0.05). There was no sig-
nificant difference by menarche status for abnormal birth

Table 1 Demographic and
clinical characteristics

Median (IQR) or n (%) Normal Delayed p value
menarchen = 124* menarchen = 21%**
Sociodemographic
Age at menarche (years) 12.0 (12.0, 13.0) 15.7 (15.0,17.4) <0.001
African American 15 (12.1%) 6 (28.6%) 0.047
Abnormal birth historyf 45 (36.3%) 9 (42.9%) 0.621
Food assistance 13 (10.5%) 1 (4.8%) 0.406
Kidney disease characteristics
Age at onset (years) 0(0, 3) 0(0,9.5) 0.672
Duration of CKD at menarche 12.0 (8.5, 13.0) 15.0 (7.9, 16.3) <0.001
(years)i
Glomerular disease 35 (28.2%) 7 (33.3%) 0.633
¢GFR at menarche (ml/min/1.73 m?) 47.8 (32.6, 64.0) 30.6 (25.3,37.1) 0.007
Growth hormone use ever 12 (9.7%) 4 (19.1%) 0.205
Corticosteroid use ever 10 (8.1%) 6 (28.6%) 0.006
Growth
Weight percentile at menarche} 52.4(24.3,81.6) 14.1 (2.8, 74.1) 0.007
Height percentile at menarche} 32.8 (8.4, 65.8) 10.4 (2.5, 26.3) 0.003
BMI at menarche?; 19.9 (18.2, 23.3) 20.6 (17.5, 24.5) 0.636

P values <0.05 are italicized

*Girls with incident menarche at age <15

**Includes 7 girls with incident menarche at age > 15 and 14 girls who remained pre-menarchal at age > 15 at the

last study visit

TPremature (less than 32 weeks gestational age), low birth weight (less than 2500 g), small for gestational age (less

than 10th percentile)

iDemographic and clinical characteristics at the last study visit are used for the 14 pre-menarchal girls with

delayed menarche as defined by pre-menarchal status at age > 15
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history (premature, small for gestational age, or low birth
weight), BMI, need for food assistance, age at CKD diagnosis,
underlying cause of CKD, or ever growth hormone use.
Height and weight percentiles at the time of menarche were
lower for girls with delayed menarche compared with those
with normal menarche (p < 0.05). Thirty-eight percent of post-
menarchal girls were defined as having short stature based on
last height during study follow-up. Sixty-one percent of girls
with delayed menarche had short stature compared with only
35% of girls without delayed menarche (p =0.03), with me-
dian age at last height available of 17.4 years (IQR, 15.3—
19.2 years).

Discussion

In this cohort of girls with CKD in which onset of menarche
was reported, we found that the median age of menarche was
similar to that reported in healthy girls. However, 10% of girls
in this cohort had delayed menarche. Factors associated with
delayed menarche included African American race, cortico-
steroid use, lower eGFR at the time of menarche, and longer
duration of CKD. Girls with delayed menarche also had lower
height and weight percentiles at the time of menarche and
were more likely to have short stature. This study highlights
the prevalence of delayed menarche in girls with CKD and the
potential impact on final adult height.

Pubertal delay has been described among children with
CKD. A study of girls with end-stage kidney disease
(ESKD) requiring RRT showed that about half of girls had
menarche at the upper age limit of normal [3]. Our study is
unique in that we evaluated pubertal development in girls with
earlier stages of CKD. Although we found that the majority of
girls with CKD had menarche at a similar age as healthy girls,
10% had delayed menarche. Given the potential impact of
pubertal delay on growth, neurocognitive function, cardiovas-
cular disease risk, and fracture risk, it is important for clini-
cians to be aware of the risk of pubertal delay in girls with
CKD [5-8]. The mechanism of pubertal delay among children
with CKD is not fully understood. Changes in normal pubertal
hormones may play a part. Prior studies have shown that chil-
dren on dialysis have elevated LH levels compared with the
general population, but there are no studies on estrogen and
testosterone levels on children in CKD [18, 19]. In addition,
delayed puberty has also been reported in other chronic dis-
eases such as cystic fibrosis and inflammatory bowel disease
as a result of secondary hypogonadism [8]. Therefore, delayed
puberty in CKD may be a result of chronic illness.

We found that African American race was associated with
delayed menarche among girls with CKD. This is in contrast
to trends in the general population in which African American
race is associated with earlier puberty in girls [20]. It is possi-
ble that the association between African American race and
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delayed menarche in girls with CKD is a result of confounding
by underlying CKD diagnosis or severity, as African
Americans have a higher prevalence of glomerular disease
as well as faster progression of CKD [21, 22].

We also found that girls with delayed menarche were
more likely to have corticosteroid exposure. There may
be a relationship between glomerular disease diagnosis,
corticosteroid exposure, and African American race. The
mechanism by which corticosteroids affect puberty is un-
clear. It has been postulated that glucocorticoids impair
pubertal onset through inhibition at the level of the hypo-
thalamus and pituitary, reduced secretion of sex steroids
from the gonads, or impaired end-organ sensitivity to sex
steroids. LH has been showed to be suppressed in women
with rheumatic diseases as well as in children with steroid-
sensitive nephrotic syndrome on glucocorticoids [23].

Another important finding from this analysis was that de-
layed menarche in girls with CKD was associated with short
stature. The association between pubertal delay and growth is
variable based on the underlying cause for pubertal delay. For
example, children with constitutional delay of puberty are
expected to reach full growth potential despite delay in onset
of puberty [8]. Children with isolated primary hypogonadism
from hypogonadotropic hypogonadism typically have a mod-
est increase in final adult height, likely as a result of delayed
epiphyseal closure due to hypogonadism [24]. However, chil-
dren with delayed puberty secondary to chronic illnesses have
been reported to have stunted growth and reduced final height
with variable catch-up growth depending on length and type
of illness [8]. Our findings suggest that similar to delayed
puberty secondary to other chronic illnesses like cystic fibro-
sis, inflammatory bowel disease, and eating disorders, delayed
puberty among girls with CKD is associated with stunted
growth and short stature [8]. Of note, corticosteroids are also
associated with decreased bone strength and growth via apo-
ptosis of osteocytes, decreased maturation of cells into osteo-
blasts, and a negative calcium balance via decreased intestinal
calcium absorption [23]. As girls with delayed menarche were
more likely to be prescribed corticosteroids, this may be an-
other risk factor for short stature. Clinicians may falsely be-
lieve that a delay in puberty confers time for additional catch-
up growth, as seen among children with isolated primary
hypogonadism. Our data suggest that pubertal delay among
girls with CKD is actually associated with short stature at the
time of menarche.

This study has several limitations. First, there was relative-
ly short follow-up time. The age at menarche was collected as
an integer at yearly follow-up visits, limiting the ability to
more granularly define age at menarche. The average age at
last available height was at 17.4 years, so it is possible that
participants continued to grow after the last study visit. In the
healthy population, about 7 cm of growth is expected on av-
erage after menarche [25]. However, to the authors’
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knowledge, there are no estimates of expected growth post-
menarche in the CKD population. In addition, we were only
able to assess factors associated with pubertal delay among
girls with incident menarche, as variables such as eGFR were
not available at the time of menarche among girls with prev-
alent menarche before study entry. Finally, we used self-
reported menarche as the marker of pubertal delay in this
study. This limited the cohort to only girls, and these results
are not applicable to boys with CKD. Furthermore, the age
range in the original CKiD study was 1.1-21.8 years, whereas
the NHANES population included a birth cohort from the
1920s for whom self-reported age at menarche may have more
recall bias than for those within the younger CKiD population.
Other variables such as hormonal markers may be a more
sensitive marker of pubertal delay.

Conclusion

Median age at menarche was similar among girls with
CKD compared with healthy girls. However, there was a
proportion of girls with CKD with delayed menarche, and
this may be a risk factor for short stature. Further research
is needed to assess whether delayed menarche is also as-
sociated with other long-term CKD complications such as
cardiovascular disease and neurocognitive function.
Clinicians should be aware of the risk of pubertal delay
and short stature among girls with CKD.
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