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e Delayed menarche is associated with the onset of type-1 diabetes mellitus (T1DM).

e The age at menarche was later in patients who had menarche after T1DM diagnosis than in
healthy subjects and those who had menarche before T1DM diagnosis.

o Awareness of delayed menarche in patients with T1DM should be addressed so that comprehensive
management can be provided to achieve a higher quality of life and prevent further complications.

Abstract. Several studies have reported an association between age at menarche and the onset of type-1 diabetes
mellitus (T1DM). This review compared the age at menarche in patients who had menarche after T1IDM diagnosis
with that of patients who were healthy and/or had menarche before T1DM diagnosis. Searches were conducted using
four databases. The outcome was the age at menarche of patients who had menarche after TIDM diagnosis and
patients who were healthy and/or had menarche before T1DM diagnosis. A qualitative analysis was performed using
the JBI (Joanna Briggs Institute) Critical Appraisal. Quantitative analysis of the mean differences was performed
using Revman 5.4 tool. A total of 1952 studies were obtained from the initial search. The final results were 13 articles
that met the inclusion criteria for the qualitative assessment and eight for the quantitative assessment. Eight studies
included 1030 patients who had menarche after being diagnosed with T1DM and 1282 patients who were healthy
and/or had menarche before T1DM diagnosis. The meta-analysis showed a cumulative effect on a mean difference of
0.87 (95% CI: 0.75; 0.99, p-value < 0.00001), indicating a later age at menarche in patients who had menarche after
T1DM diagnosis. The age at menarche was later in patients who had menarche after T1DM diagnosis compared to
healthy subjects and those who had menarche beforehand.
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Introduction

Type 1 diabetes mellitus (T1DM) is an autoimmune
disease in which pancreatic beta cells are damaged for
months to years. As these cells play a role in producing
insulin, T1DM causes absolute insulin deficiency (1).
The risk of T1DM is 0.4% in individuals without a family
history, 1-4% in children with mothers with T1DM, and
3—-8% in those with fathers with T1DM (2).

Insulin plays an important role in anabolic
processes and affects glucose, lipid, protein, and mineral
metabolism and growth. Insulin also plays a role in
glucose storage in muscle cells, adipose tissue, and the
liver, fatty acid synthesis, stimulation of amino acid
uptake, inhibition of fat breakdown in adipose tissue,
and stimulation of potassium uptake into cells. Insulin
is secreted for metabolism after glucose ingestion.
Glucose metabolism requires the secretion of glucokinase
(GCK), which in turn, is related to insulin secretion.
GCK gene dysfunction disrupts insulin secretion, which
causes glucose intolerance and diabetes (3). Insulin also
participates in metabolism and reproductive functions
that are controlled by the hypothalamus. Insulin receptors
act on GnRH neurons; therefore, a lack of insulin may
disrupt normal GnRH function, delaying puberty (4).
Diabetes mellitus is associated with increased levels of
advanced glycation end products, which may disrupt
GnRH pulse generator activation. Disruption of GnRH
pulse generator activation is associated with delayed
puberty (5).

The association between T1DM and delayed
puberty needs to be understood as delayed puberty
may cause decreased bone mineral density and irregular
menstruation (6). A systematic review and meta-analysis
were performed to compare the age at first menarche in
patients who had menarche after T1IDM diagnosis, with
healthy subjects and those who had menarche before
T1DM diagnosis, to optimize comprehensive care and
management of T1DM as well as to prevent delayed
puberty as a complication.

Search strategy

Studies were selected according to PRISMA
from four databases: PubMed, Scopus, Embase and
ScienceDirect (7). The search terms were based on the
PICO criteria: patient (children, adolescents, teenagers,
pediatric), intervention (type 1 diabetes mellitus),
comparison intervention, and outcome (delayed
puberty or delayed menarche). The search terms used
were (((((Children) OR (adolescent)) OR (teenager))
OR (pediatric)) AND (type 1 diabetes mellitus)) AND
((delayed puberty) OR (delayed menarche)).

Study selection and eligibility criteria

Studies were screened based on the inclusion and

exclusion criteria. The inclusion criteria were children
under 18 yr of age diagnosed with type 1 diabetes
mellitus, menarche data were available, papers
published in English, and full texts were available. The
exclusion criteria were non-English studies, unavailable
menarche data, and unavailable full texts. Duplicate
studies were removed using the EndNote Software. The
authors retrieved papers in English so that the authors
could understand the evaluation of the reports. However,
in this study, the authors still evaluated several reports
from East Asia, including China (Mao 2011), Taiwan
(HsU 2010), and Japan (Nakamura 2022).

Data collection

Three reviewers independently screened the
abstracts and titles to extract data and excluded
studies with low applicability. The selected studies
were reviewed, and the required data were extracted.
The extracted data included author name, title,
year of publication, number of samples in the study,
population criteria, study location, and outcome data
(age at menarche in the study group (post type-1 diabetes
mellitus) and control group (pre type-1 diabetes mellitus
and healthy subjects). The reviewers also extracted
irregular menstruation data from several studies.

Quality assessment

A quality assessment of the included studies was
performed using tools based on the study design. In
this review, the included study designs were cohort,
case-control, and cross-sectional. The Joanna Briggs
Institute (JBI) Critical Appraisal tools were used for
this systematic review. Cohort studies were assessed
using the JBI Critical Appraisal Checklist for Cohort
Studies, consisting of 11 items including group similarity,
similarity exposure measurement, exposure validity,
confounding factors identified, strategy to deal with,
measurement outcome, follow-up, and statistical analysis
(8). Case-control studies were measured using the JBI
Critical Appraisal Checklist for case-control studies,
consisting of 10 items including group comparability,
case matches, criteria similarity, exposure measurement,
confounding variable identification, confounding variable
strategy, outcome assessment, follow-up, and statistical
analysis (9). Cross-sectional studies were assessed using
the JBI Critical Appraisal Checklist for cross-sectional
studies, consisting of eight items including inclusion
criteria, study detailedness, measurement validity and
reliability, criteria objectivity, confounding variable
identification, confounding variable strategy, outcome
assessment, and statistical analysis (10).

Statistical analysis

The outcome measured in both the study and control
groups was age at menarche. The outcome measured
in the study group was age at menarche in patients
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who had menarche after T1DM diagnosis (post-T1DM),
whereas in the control group, it was the age at menarche
of healthy subjects and/or patients who had menarche
before T1DM diagnosis (pre-T1DM). Data were analyzed
using RevMan 5.4. Inverse variance was used as a
statistical method with a fixed-effects model and mean
difference as an effect measure to analyze the data. The
95% confidence intervals (CIs) and heterogeneity were
measured and interpreted using forest plots.

Study selection

The study selection is shown in the PRISMA flow
diagram (Fig. 1). A total of 1952 articles were collected
from four databases in the initial hit (101 articles from
PubMed, 81 articles from Scopus, 184 from Embase,
and 1585 from ScienceDirect), and one from manual
searching. We removed 224 duplicate records using
EndNote Software (version 20.4), while automation tools
removed 1300 articles as ineligible. Three reviewers

independently screened the titles and abstracts of the
428 articles. Finally, 13 studies were included in this
systematic review, eight of which were used in the
quantitative meta-analysis.

Included studies characteristics

The characteristics of the included studies are
presented in Table 1. The studies consisted of seven
cohort, four cross-sectional, and two case-control studies.
All the studies were conducted in various locations in
Asia (Japan, India, Saudi Arabia, Sudan, Taiwan, and
China), Europe (Finland, Greece, Italy, and Germany),
and the United States. Of the 2312 participants, there
were 1030 participants in the study group (post-T1DM),
and 1282 in the control group (healthy and pre-T1DM)
(11-23).

Quality assessment

Out of the 13 studies assessed, 5 were marked yes
for all items on the JBI Critical Appraisal Tools (Fig.

[ Identification of studies via databases and registers ]
Records removed before
c Records identified from: screening:
§ Pubmed (n = 101) Duplicate records removed
Scopus (n = 81) | (n =204)
% Embase (n = 184) Records marked as ineligible
8 Science Direct (n = 1585) by automation tools (n =
=2 Manual searching (n = 1) 1320)
—
S
Records screened ) Records excluded
(n =428) (n =350)
\ 4
Reports sought for retrieval Reports not retrieved
(n=78) > (n=53)

v

Screening

Reports assessed for eligibility
(n=25)

N
SR v
Studies included in review
2| | m=13
% Studies included in quantitative
c analysis
B (n=8)
—

Fig. 1. PRISMA flow diagram.

Reports excluded:
Outcome is not applicable (n
=12)
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Table 1. Included studies characteristics

Study Population Study design Location Subject
Braham et al., 2017 (11) Female with T1DM aged 13-29 yr old without other types of Cross sectional Saudi 102
diabetes (T2DM, MODY) and other hormonal diseases (PCOS, Arabia
hyperprolactinemia, Cushing syndrome)
Deltsidou et al., 2010 (12) Female with T1DM aged 12-18 yr old Case control Greece 286
Elamin et al., 2006 (13) Female with T1DM aged 7—-13 yr old Cohort Sudan 35
Harjutsalo et al., 2015 (14) Female with T1DM aged 18-85 yr old whose menarche data Cross sectional Finland 1304
were available
HsU et al., 2010 (15) Female with T1DM aged 10-17 yr old Case control Taiwan 81
Kristie et al., 2005 (16) Female with T1DM aged below 30 yr old Cohort USA 188
Lombardo et al., 2009 (17) Female with T1DM aged below 20 yr old Cohort Ttaly 93
Mao et al., 2011(18) Female with T1DM aged below 6-10 yr old Cohort China 31
Nakamura et al., 2022 (19) Female with T1DM Cohort Japan 155
Raha et al., 2013 (20) Female with T1DM Cohort India 103
Rohrer et al., 2007 (21) Female with T1DM aged below 20 yr old Cross sectional ~ Germany 643
Schweiger et al., 2011 (22) Female with T1DM aged 12—24 yr old who have had menarche  Cross sectional USA 228
at least once without any chronic diseases
Yan Yiet al., 2021 (23) Female with T1DM aged 8-48 yr old who have finished filling Cohort USA 105

out reproductive health questionnaire and never had hysterec-
tomy/oophorectomy before menopause

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; MODY, Maturity-onset diabetes of the young; PCOS, polycystic ovary

syndrome.

2). Elamin et al. (2006), Kristie et al. (2005), Lombardo
et al. (2009), and Hsu et al. (2010) did not identify
confounding factors or describe strategies used to
address these factors (13, 15-17). Harjutsalo et al. (2015)
and Rohrer et al. (2007) did not state whether exposure
was measured in the same manner for both cases and
controls (14, 21). Harjutsalo et al. (2015), Rohrer et al.
(2007), Schweiger et al. (2011), and Raha et al. (2013)
did not describe strategies used to deal with confounding
factors (14, 20-22). All 13 studies were included in this
meta-analysis.

Age at menarche of patients who reached
menarche before diagnosis of T1DM

The included studies revealed a later age at
menarche in patients diagnosed with T1DM as compared
to the normal or healthy groups. Patients who reached
menarche after T1IDM diagnosis had an age at menarche
ranging from 12.5 yr old to 13.6 yr old, meanwhile
healthy subjects and patients who reached menarche
before T1DM diagnosis had an age at menarche ranging
from 11.6 yr old to 12.9 yr old. All the studies showed
significant differences between the two groups.

These results were supported by the meta-analysis
we conducted (Fig. 3), which showed a cumulative effect
on the mean difference of 0.87 (95% CI: 0.75; 0.99, p-value
<0.00001), indicating a later age at menarche in patients
who had menarche after T1DM diagnosis, with the
difference approximately 11 mon. All studies revealed
a similar trend, with significant mean difference with
higher age of menarche in the T1DM group as compared
to the latter, with highest mean difference found in a

study by Yan et al. with mean difference of 1.40 (0.80—
2.00) yr (23) (Table 2).

Irregular menstruation

Three of the studies have shown irregular
menstrual cycles. In a study by Braham et al. (2017),
35.42% of the subjects had irregular menstruation after
T1DM diagnosis (11). In a study by Schweiger et al.
(2011), subjects with irregular menstruation after T1DM
diagnosis were fewer at 18.38% (22). In comparison, in
the study by Deltsidou et al. (2010), there is a larger
proportion of subjects with irregular menstruation after
a T1DM diagnosis at 49.38% (12). Both Braham et al.
(2017) and Deltsidou et al. (2010) reported a higher
prevalence of irregular menstruation in patients
with T1DM than in healthy subjects or patients with
menarche before T1DM diagnosis (11, 12). Schweiger
et al. (2011) reported a higher percentage of healthy
participants. However, this might be explained by the
incomparable sample sizes between the two groups (22)
(Table 3).

It was reported that the mean age of girls at
menarche was 12.4 yr. This study included 848
schoolgirls in Lisbon, Portugal. (24) These findings are
consistent with those reported in Europe and North
America, ranging from 12.5-13.5 yr (25-28). Two
studies conducted in Indonesia were consistent with
these findings, ranging from 12.06 to 12.96 yr (29, 30). In
this systematic review and meta-analysis, patients who
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Fig. 2. JBI Critical Appraisal on cohort, case control, and cross-sectional studies. Y, yes; N, no; U, unclear; N/A, not
applicable.

Pre TIDM & Healthy Post TIDM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Braham 2017 12.9 1.5504 48 12.26 1.5504 54 3.9% 0.64 [0.04,1.24]
Deltskiou 2010 12.86 1.1 34 118 1.24 209 B.7% 0.96 [0.55, 1.37]
Harjutsalo 2015 13.82 1.65 704 12.89 1.43 600 51.3% 0.93[0.76, 1.10] -
Hsu 2010 13 1 41 121 1.3 41 5.7% 0.90 [0.40, 1.40] -
Lombardo 2009 12.77 1.13 73 1188 1.23 20 4.0% 0.79[0.19,1.39] —
Nakamura 2022 12.5 08 117 118 09 38 13.9% 0.70[0.38, 1.02] —_—
Schweiger 2011 12.81 1.2241 185 12.27 1.24589 43 B.4X 0.54 [0.13, 0.95]
Yan Y1 2021 13.6 1.7 B0 122 1.2 25 4.0% 1.40[0.80, 2.00] —
Total (95% CI) 1282 1030 100.0% 0.87 [0.75, 0.99] 3
Heterogenehty: ChE = 7.86, df = 7 (P = 0.34); F = 11X 5_2 11 ¢ i z‘.

Test for overall effect: Z = 14.20 (P < 0.00001) Pre TIDM & Healthy Post T1DM

Fig. 3. Forrest plot of average of age at menarche in pre and post T1DM diagnosis. T1DM, type 1 diabetes mellitus.

were diagnosed with T1DM before menarche reached
menarche at 12.5-13.6 yr old. When compared to results
from previous studies done in healthy subjects, the age
of menarche in T1DM patients who were diagnosed
before menarche are not delayed; however, a delay
was observed when compared to the more recent data
on menarche in healthy subjects and T1DM patients
diagnosed after menarche in studies included in this
review (11.6-12.9 yr).

Previous studies have suggested that the age at
menarche in patients who were diagnosed with T1DM
before menarche was delayed compared to those who
were healthy and diagnosed with T1DM after menarche

(11-23). Few studies have assessed whether delayed
puberty is associated with T1DM, and a systematic
review and meta-analysis have never been conducted
to assess objectivity.

It has been observed in newly diagnosed T1DM
patients that leptin levels are lower than in T1DM
patients who have received regular treatment with
insulin and in healthy children. Leptin is inversely
associated with the age at menarche (31). Leptin activates
GnRH neurons, which act on insulin receptors. Insulin
controls the hypothalamic functions in metabolism and
reproduction. Inadequate administration of insulin to
T1DM patients can delay puberty as it disrupts normal
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Table 2. Average age at menarche in before and after T1DM diagnosis groups

Number of 1 ho had
umber of samp €5 who ha Average of age at menarche

menarche
Author, yr Before T1DM After TIDM Before T1DM p-value
After T1IDM . . . . . .
ES——, diagnosis and/ diagnosis diagnosis and/or
or healthy (mean + SD) healthy (mean + SD)
Braham et al., 2017 (11) 48 54 12.90 £ 1.55 12.26 £+ 1.55 0.0400
Deltsidou et al., 2010 (12) 34 209 12.86 +£1.10 11.90+1.24 0.0000
Harjutsalo et al., 2015 (14) 704 600 13.82+1.65 12.89+1.43 <0.0001
HsU et al., 2010 (15) 41 40 13.00+1.00 12.10+1.30 0.0010
Lombardo et al.., 2009 (17) 73 20 12.77+1.13 11.98+1.23 0.0010
Nakamura et al., 2022 (19) 117 38 12.50 £ 0.80 11.80 +0.90 0.0024
Schweiger et al., 2011(22) 185 43 12.81+1.22 12.27+1.25 0.0020
Yan Yiet al., 2021 (23) 80 25 13.60+£1.70 12.20 £ 1.20 <0.0001

T1DM, type 1 diabetes mellitus.

Table 3. Percentage of irregular menstruation in before and after T1DM diagnosis

Percentage (%)

0,
Irregular menarche Percentage (%) of

Irregular menarche of irregular irregular menarche
Lo after T1DM (n) menstruation in before}'lI; 1:1]13‘51;1/1 axsliers before T1DM and/or
T1DM Y healthy
Braham et al., 2017 (11) 17/48 35.42 10/54 18.52
Deltsidou et al., 2010 (12) 40/81 49.38 72/204 35.29
Schweiger et al., 2011(22) 34/185 18.38 36/43 83.77

T1DM, type 1 diabetes mellitus.

GnRH neuronal function (32).

Many factors can contribute to delayed age at
menarche in patients who were diagnosed with T1DM
before menarche, such as poor glycemic control, late
diagnosis and treatment of T1DM, duration of T1DM,
BMI, and insulin dosage (33). Physiological insulin
resistance (IR) occurs during puberty, and when
combined with the effects of gonadal steroids, increased
lean body mass, and poor therapeutic adherence, this
leads to poor glycemic control (34, 35) Earlier studies
on insulin use in patients with T1DM showed that
there was a moderate to severe delay in the onset of
puberty in most patients who had suboptimal glycemic
control (36, 37). This emphasizes the importance of
appropriate glycemic control and insulin treatment to
maintain a normal pubertal status. To optimize diabetes
management during adolescence, the ISPAD recommends
communicating within the diabetes community or peer
support groups and providing a supportive and inclusive
environment for T1DM patients at schools, families,
and healthcare facilities. Mental health disorders
also need to be screened and addressed, as diabetes
distress, depression, anxiety, drug and alcohol use,
eating disorders, and body image may interfere with the
success of diabetes treatment. Preconception counseling
programs need to be implemented in adolescence, as
unplanned pregnancies in hyperglycemic young women
may have poor outcomes for the mother and baby (38).

Increased levels of advanced glycation end products

can also contribute to delayed puberty by suppressing
activation of the GnRH pulse generator (39). It was found
that the lean body mass doubles during puberty. This
condition increases the insulin requirement and worsens
glycemic control. Additionally, insulin resistance
increases during puberty, which is associated with
behavioral and psychosocial issues that can contribute
to worsening glycemic control. Glycemic control is
considered the most modifiable factor in preventing
delayed menarche (40). In contrast, another study
found that T1DM patients can still have a delayed age
of menarche despite adequate treatment with insulin
and good glycemic control, as measured by HbAlc. This
study noted that there could have been other factors
that contributed to delayed age at menarche, and this
finding did not have clinical significance even if it raised
a pathophysiological concern (41).

In addition to HbAlc, the same study also found that
BMI was not associated with delayed age at menarche in
T1DM patients. We hypothesized that the range of BMI
and HbAlc values in the study population was so wide
that no association could be identified (41). However,
another study found that BMI is negatively associated
with older age at menarche. This finding is consistent
with that of a previous study conducted in healthy
subjects (29). It is also consistent with other studies that
have found that the age at menarche in T1DM patients
with a higher BMI was earlier than in those with a
lower BMI (42—44). This was supported by the fact that
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abody fat gain of 1 kg was associated with an earlier age
at menarche of 13 days (36). It was hypothesized that
a higher BMI induces early menarche because leptin
secreted from a higher percentage of body fat affects
the hypothalamus to stimulate GnRH and increase the
secretion of LH and FSH from the pituitary gland. These
events lead to the stimulation of the enzymes required
to synthesize androgens in the adrenal glands, which
increases the secretion of sex hormones (45).

The duration of T1IDM diagnosis was significantly
correlated with age at menarche. Minimum body fat
mass is required for menarche. When a child is diagnosed
with T1DM and has not received insulin treatment, body
weight may be lost, which may affect gonadal maturation
and hence, the age of menarche (41).

More attention should be paid to these aspects
in order to treat T1DM patients comprehensively and
prevent T1DM complications.

Several studies were included in the meta-analysis.
However, there may have been different socioeconomic
backgrounds in each included study, and the number of
samples might affect the applicability of the results. In
addition, each study had different definitions of delayed
menarche and methods; some studies did follow-up,
whereas others distributed a one-time questionnaire
to be filled by subjects.

This systematic review and meta-analysis
summarize the results of previous studies on the
association between delayed puberty and T1DM and
emphasizes the importance of early diagnosis of TIDM.
Early diagnosis of T1IDM allows early management of
T1DM that can optimize the growth and development
of children and adolescents and prevent problems,
including delayed menarche (46).

Apart from T1DM, the age at menarche can be
affected by other diseases, such as autoimmune thyroid
disease. In a study of Kotopouli et al. in 2019, it was
reported that thyroid autoimmunity is more frequently
diagnosed in women with subclinical hypothyroidism.
The study showed that early age at menarche was
independently associated with subclinical hypothyroid,
with age at menarche (mean + SD) of cases and control
at 12.6 £ 1.2 yr old and 13.3 £ 0.8 yr old (p < 0.001),
respectively. Age at menarche has been linked to
several factors such as genetic, racial, environmental,
and metabolic syndromes. Puberty is influenced by the
hypothalamus-pituitary-gonadal (HPG) axis, adrenal
androgens, growth hormones, estrogen, and insulin

growth factors-1. Early menarche may be associated
with early estrogen exposure, which may trigger thyroid
autoimmunity (47). In contrast to the 2013 case report
by Larson, a 13-yr-old girl with primary hypothyroidism
showed poor linear growth and delayed puberty (48).
In the 2017 review by Tstsui, the interaction between
the hypothalamus-pituitary-gonadal (HPG) and
hypothalamus-pituitary-thyroid (HPT) axes played a
role in delayed puberty. The role of thyroid hormone
in pubertal development was shown by the increased
conversion of T4 to T3 at pubertal onset. Elevated TRH
levels in hypothyroidism alter GnRH secretion, which can
delay the LH response. Gonadotropin-inhibitory hormone
(GnlIH) expression is increased in hypothyroidism and
may delay pubertal onset by inhibiting the activity of
GnRH, reducing LH and FSH levels (49).

Delayed age at menarche can have possible
consequences such as decreased bone mineral density
and irregular menstruation. In addition, more knowledge
regarding menarche can help healthcare workers
provide information and reassurance to patients and
their parents about what is expected to occur with
T1DM. More research is required in this area so that
additional factors related to delayed age at menarche
can be explored for its prevention.

Conclusion

The age at menarche was later in patients who had
menarche after T1IDM diagnosis compared to healthy
subjects and those who had menarche beforehand.
This can be influenced by the interactions between
reproductive hormone imbalance, T1DM duration,
and metabolic control. These findings highlight the
importance of recognizing the potential delay in
menarche among patients diagnosed with T1DM before
menarche. Early identification can inform comprehensive
management strategies, ultimately aiming to improve
quality of life and prevent further complications.

Conflict of interests: The authors have nothing
to disclose.

Acknowledgements

The authors would like to acknowledge all the
authors of the included studies who pursued research in
this field.

References

1. Saxby N, Beggs S, Kariyawasam N, Battersby M, Lawn S. Do guidelines provide evidence-based guidance to health
professionals on promoting developmentally appropriate chronic condition self-management in children? A systematic
review. Chronic Illn 2020;16: 239-52. [Medline] [CrossRef]

2. Redondo MJ, Geyer S, Steck AK, Sharp S, Wentworth JM, Weedon MN, ef al. Type 1 Diabetes TrialNet Study Group.
A type 1 diabetes genetic risk score predicts progression of islet autoimmunity and development of type 1 diabetes in
individuals at risk. Diabetes Care 2018;41: 1887-94. [Medline] [CrossRef]

Ghitha et al.

doi: 10.1297/cpe.33.2023-0058

110


http://www.ncbi.nlm.nih.gov/pubmed/30244592?dopt=Abstract
http://dx.doi.org/10.1177/1742395318799844
http://www.ncbi.nlm.nih.gov/pubmed/30002199?dopt=Abstract
http://dx.doi.org/10.2337/dc18-0087

10.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gloyn AL, Odili S, Zelent D, Buettger C, Castleden HA, Steele AM, et al. Insights into the structure and regulation of
glucokinase from a novel mutation (V62M), which causes maturity-onset diabetes of the young. J Biol Chem 2005;280:
14105-13. [Medline] [CrossRef]

Burcelin R, Thorens B, Glauser M, Gaillard RC, Pralong FP. Gonadotropin-releasing hormone secretion from hypothalamic
neurons: stimulation by insulin and potentiation by leptin. Endocrinology 2003;144: 4484-91. [Medline] [CrossRef]
Danielson KK, Palta M, Allen C, D’Alessio DJ. The association of increased total glycosylated hemoglobin levels with
delayed age at menarche in young women with type 1 diabetes. J Clin Endocrinol Metab 2005;90: 6466—71. [Medline]
[CrossRef]

Anai T, Miyazaki F, Tomiyasu T, Matsuo T. Risk of irregular menstrual cycles and low peak bone mass during early
adulthood associated with age at menarche. Pediatr Int 2001;43: 483—8. [Medline] [CrossRef]

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372: n71. [Medline] [CrossRef]

Checklist for cohort studies. The Joanna Briggs Institute Critical Appraisal tools for use in JBI Systematic reviews. Available
from: https:/jbi.global/sites/default/files/2019-05/JBI_Critical Appraisal-Checklist for Cohort Studies2017_0.pdf.
Checklist for case control studies. The Joanna Briggs Institute Critical Appraisal tools for use in JBI Systematic reviews.
Available from: https://jbi.global/sites/default/files/2019-05/JBI_Critical Appraisal-Checklist for Case Control
Studies2017_0.pdf.

Checklist for cross sectional studies. The Joanna Briggs Institue Critical Appraisal tools for use in JBI Systematic reviews.
Available from: https://jbi.global/sites/default/files/2019-05/JBI_Critical Appraisal-Checklist for Analytical Cross
Sectional Studies2017_0.pdf.

Braham R, Robert AA, Musallam MA, Alanazi A, Swedan NB, Al Dawish MA. Reproductive disturbances among Saudi
adolescent girls and young women with type 1 diabetes mellitus. World J Diabetes 2017;8: 475-83. [Medline] [CrossRef]
Deltsidou A. Age at menarche and menstrual irregularities of adolescents with type 1 diabetes. J Pediatr Adolesc Gynecol
2010;23: 162—7. [Medline] [CrossRef]

Elamin A, Hussein O, Tuvemo T. Growth, puberty, and final height in children with Type 1 diabetes. J Diabetes Complications
2006;20: 252—6. [Medline] [CrossRef]

Harjutsalo V, Maric-Bilkan C, Forsblom C, Groop PH, FinnDiane Study Group Age at menarche and the risk of diabetic
microvascular complications in patients with type 1 diabetes. Diabetologia 2016;59: 472—80. [Medline] [CrossRef]
Hsu YY, Dorn LD, Sereika SM. Comparison of puberty and psychosocial adjustment between Taiwanese adolescent
females with and without diabetes. J Clin Nurs 2010;19: 2704—12. [Medline] [CrossRef]

Danielson KK, Palta M, Allen C, D’Alessio DJ. The association of increased total glycosylated hemoglobin levels with
delayed age at menarche in young women with type 1 diabetes. J Clin Endocrinol Metab 2005;90: 6466—71. [Medline]
[CrossRef]

Lombardo F, Salzano G, Crisafulli G, Valenzise M, Zirilli G, Manzo V, ef al. Menarcheal timing in intensively treated
girls with type 1 diabetes mellitus. Nutr Metab Cardiovasc Dis 2009;19: 35-8. [Medline] [CrossRef]

MaoL,LuW,JiF, Lv S. Development and linear growth in diabetic children receiving insulin pigment. J Pediatr Endocrinol
Metab 2011;24: 433—6. [Medline] [CrossRef]

Nishikawa-Nakamura N, Kawamura T, Nakamichi T, Yuyama Y, Hotta Y, Hashimura K, ez al. Age at menarche in Japanese
patients with type 1 diabetes mellitus: a look at changes since 1960s. Endocr J 2022;69: 627-33. [Medline] [CrossRef]
Raha O, Sarkar B, Godi S, GhoshRoy A, Pasumarthy V, Chowdhury S, ef al. JDRF-India. Menarcheal age of type 1 diabetic
Bengali Indian females. Gynecol Endocrinol 2013;29: 963—6. [Medline] [CrossRef]

Rohrer T, Stierkorb E, Grabert M, Holterhus PM, Kapellen T, Knerr I, et a/. DPV Initiative. Delayed menarche in young
German women with type 1 diabetes mellitus: recent results from the DPV diabetes documentation and quality management
system. Eur J Pediatr 2008;167: 793-9. [Medline] [CrossRef]

Schweiger B, Klingensmith GJ, Snell-Bergeon JK. Menarchal timing in type 1 diabetes through the last 4 decades. Diabetes
Care 2010;33: 2521-3. [Medline] [CrossRef]

YiY, El Khoudary SR, Buchanich JM, Miller RG, Rubinstein D, Matthews K, e a/. Women with Type 1 diabetes (T1D)
experience a shorter reproductive period compared with nondiabetic women: the Pittsburgh Epidemiology of Diabetes
Complications (EDC) study and the Study of Women’s Health Across the Nation (SWAN). Menopause 2021;28: 634—41.
[Medline] [CrossRef]

Marques P, Madeira T, Gama A. Menstrual cycle among adolescents: girls’ awareness and influence of age at menarche and
overweight. Rev Paul Pediatr 2022;40: €2020494 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8734600/. [Medline]
[CrossRef]

Zannoni L, Giorgi M, Spagnolo E, Montanari G, Villa G, Seracchioli R. Dysmenorrhea, absenteeism from school, and
symptoms suspicious for endometriosis in adolescents. J Pediatr Adolesc Gynecol 2014;27: 258—65. [Medline] [CrossRef]
Currie C, Ahluwalia N, Godeau E, Nic Gabhainn S, Due P, Currie DB. Is obesity at individual and national level associated
with lower age at menarche? Evidence from 34 countries in the Health Behaviour in School-aged Children Study. J Adolesc
Health 2012;50: 621-6. [Medline] [CrossRef]

American Academy of Pediatrics Committee on Adolescence Menstruation in girls and adolescents: using the menstrual
cycle as a vital sign. Pediatrics 2006;118: 2245-50. [CrossRef]

Rigon F, De Sanctis V, Bernasconi S, Bianchin L, Bona G, Bozzola M, et al. Menstrual pattern and menstrual disorders
among adolescents: an update of the Italian data. Ital J Pediatr 2012;38: 38. [Medline] [CrossRef]

Pulungan A, Nugraheni RP, Advani N, Akib A, Devaera Y, Sjakti H, et al. Age at menarche and body fat in adolescent
girls. Paediatr Indones 2020;60: 5 Available from https://paediatricaindonesiana.org/index.php/paediatrica-indonesiana/

Delayed Menarche in Type 1 DM

doi: 10.1297/cpe.33.2023-0058

111


http://www.ncbi.nlm.nih.gov/pubmed/15677479?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M413146200
http://www.ncbi.nlm.nih.gov/pubmed/12960084?dopt=Abstract
http://dx.doi.org/10.1210/en.2003-0457
http://www.ncbi.nlm.nih.gov/pubmed/16204372?dopt=Abstract
http://dx.doi.org/10.1210/jc.2005-0349
http://www.ncbi.nlm.nih.gov/pubmed/11737709?dopt=Abstract
http://dx.doi.org/10.1046/j.1442-200X.2001.01442.x
http://www.ncbi.nlm.nih.gov/pubmed/33782057?dopt=Abstract
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/29204256?dopt=Abstract
http://dx.doi.org/10.4239/wjd.v8.i11.475
http://www.ncbi.nlm.nih.gov/pubmed/19679499?dopt=Abstract
http://dx.doi.org/10.1016/j.jpag.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/16798477?dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2005.07.001
http://www.ncbi.nlm.nih.gov/pubmed/26607636?dopt=Abstract
http://dx.doi.org/10.1007/s00125-015-3816-0
http://www.ncbi.nlm.nih.gov/pubmed/20846220?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2702.2010.03272.x
http://www.ncbi.nlm.nih.gov/pubmed/16204372?dopt=Abstract
http://dx.doi.org/10.1210/jc.2005-0349
http://www.ncbi.nlm.nih.gov/pubmed/18554878?dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2007.12.002
http://www.ncbi.nlm.nih.gov/pubmed/21932577?dopt=Abstract
http://dx.doi.org/10.1515/jpem.2011.204
http://www.ncbi.nlm.nih.gov/pubmed/35022377?dopt=Abstract
http://dx.doi.org/10.1507/endocrj.EJ21-0533
http://www.ncbi.nlm.nih.gov/pubmed/23952104?dopt=Abstract
http://dx.doi.org/10.3109/09513590.2013.819080
http://www.ncbi.nlm.nih.gov/pubmed/17763869?dopt=Abstract
http://dx.doi.org/10.1007/s00431-007-0590-0
http://www.ncbi.nlm.nih.gov/pubmed/20843975?dopt=Abstract
http://dx.doi.org/10.2337/dc10-0872
http://www.ncbi.nlm.nih.gov/pubmed/33651743?dopt=Abstract
http://dx.doi.org/10.1097/GME.0000000000001758
http://www.ncbi.nlm.nih.gov/pubmed/35019010?dopt=Abstract
http://dx.doi.org/10.1590/1984-0462/2022/40/2020494
http://www.ncbi.nlm.nih.gov/pubmed/24746919?dopt=Abstract
http://dx.doi.org/10.1016/j.jpag.2013.11.008
http://www.ncbi.nlm.nih.gov/pubmed/22626490?dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2011.10.254
http://dx.doi.org/10.1542/peds.2006-2481
http://www.ncbi.nlm.nih.gov/pubmed/22892329?dopt=Abstract
http://dx.doi.org/10.1186/1824-7288-38-38

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

article/view/2466. [CrossRef]

Batubara J, Soesanti F, van de Waal HD. Age at menarche in Indonesian girls: a national survey. Acta Medica Indonesiana:
42(2): 78-81. Available from: https://www.researchgate.net/publication/44641021 Age at menarche in_indonesian_
girls_a_national_survey.

Matkovic V, Ilich JZ, Badenhop NE, Skugor M, Clairmont A, Klisovic D, et al. Gain in body fat is inversely related to the
nocturnal rise in serum leptin level in young females. J Clin Endocrinol Metab 1997;82: 1368-72. [Medline] [CrossRef]
Kiess W, Anil M, Blum WF, Englaro P, Juul A, Attanasio A, et al. Serum leptin levels in children and adolescents with
insulin-dependent diabetes mellitus in relation to metabolic control and body mass index. Eur J Endocrinol 1998;138:
501-9. [Medline] [CrossRef]

Danielson KK, Palta M, Allen C, D’Alessio DJ. The association of increased total glycosylated hemoglobin levels with
delayed age at menarche in young women with type 1 diabetes. J Clin Endocrinol Metab 2005;90: 6466—71. [Medline]
[CrossRef]

Kelsey MM, Zeitler PS. Insulin resistance of puberty. Curr Diab Rep 2016;16: 64. [Medline] [CrossRef]

Rausch JR, Hood KK, Delamater A, Shroff Pendley J, Rohan JM, Reeves G, et al. Changes in treatment adherence and
glycemic control during the transition to adolescence in type 1 diabetes. Diabetes Care 2012;35: 1219-24. [Medline]
[CrossRef]

Bergqvist N. The gonadal function in female diabetics. Acta Endocrinol Suppl (Copenh) 1954;19: 1-20. [Medline]
Codner E, Soto N, Merino PM. Contraception, and pregnancy in adolescents with type 1 diabetes: a review. Pediatr Diabetes
2012;13: 108-23. [Medline] [CrossRef]

Gregory JW, Cameron FJ, Joshi K, Eiswirth M, Garrett C, Garvey K, et al. ISPAD clinical practice consensus guidelines
2022: Diabetes in adolescence. Pediatr Diabetes 2022;23: 85771 https://cdn.ymaws.com/www.ispad.org/resource/resmgt/
consensus_guidelines 2018 /guidelines2022/ch. 21 pediatric_diabetes - .pdf. [Medline] [CrossRef]

Chowdhury S. Puberty and type 1 diabetes. Indian J Endocrinol Metab 2015;19(Suppl 1): S51-4. [Medline] [CrossRef]
Rohrer T, Stierkorb E, Grabert M, Holterhus PM, Kapellen T, Knerr I, et a/. DPV Initiative. Delayed menarche in young
German women with type 1 diabetes mellitus: recent results from the DPV diabetes documentation and quality management
system. Eur J Pediatr 2008;167: 793-9. [Medline] [CrossRef]

Picardi A, Cipponeri E, Bizzarri C, Fallucca S, Guglielmi C, Pozzilli P. Menarche in type 1 diabetes is still delayed despite
good metabolic control. Fertil Steril 2008;90: 1875-7. [Medline] [CrossRef]

Schweiger BM, Snell-Bergeon JK, Roman R, McFann K, Klingensmith GJ. Menarche delay and menstrual irregularities
persist in adolescents with type 1 diabetes. Reprod Biol Endocrinol 2011;9: 61. [Medline] [CrossRef]

Codner E, Barrera A, Mook-Kanamori D, Bazaes RA, Unanue N, Gaete X, et al. Ponderal gain, waist-to-hip ratio, and
pubertal development in girls with type-1 diabetes mellitus. Pediatr Diabetes 2004;5: 182—9. [Medline] [CrossRef]
Rohrer T, Stierkorb E, Grabert M, Holterhus PM, Kapellen T, Knerr I, ef a/. DPV Initiative. Delayed menarche in young
German women with type 1 diabetes mellitus: recent results from the DPV diabetes documentation and quality management
system. Eur J Pediatr 2008;167: 793-9. [Medline] [CrossRef]

Shalitin S, Phillip M. Role of obesity and leptin in the pubertal process and pubertal growth--a review. Int J Obes Relat
Metab Disord 2003;27: 869—74. [Medline] [CrossRef]

Anai T, Miyazaki F, Tomiyasu T, Matsuo T. Risk of irregular menstrual cycles and low peak bone mass during early
adulthood associated with age at menarche. Pediatr Int 2001;43: 483—8. [Medline] [CrossRef]

Kotopouli M, Stratigou T, Antonakos G, Christodoulatos GS, Karampela I, Dalamaga M. Early menarche is independently
associated with subclinical hypothyroidism: a cross-sectional study. Horm Mol Biol Clin Investig 2019;38: 20180079.
[Medline] [CrossRef]

Larson NS, Pinsker JE. Primary hypothyroidism with growth failure and pituitary pseudotumor in a 13-year-old female:
a case report. ] Med Case Rep 2013;7: 149. [Medline] [CrossRef]

Tsutsui K, Son YL, Kiyohara M, Miyata I. Discovery of GnIH and Its role in hypothyroidism-induced delayed puberty.
Endocrinology 2018;159: 62-8. [Medline] [CrossRef]

Ghitha et al.

doi: 10.1297/cpe.33.2023-0058

112


http://dx.doi.org/10.14238/pi60.5.2020.269-76
http://www.ncbi.nlm.nih.gov/pubmed/9141517?dopt=Abstract
http://dx.doi.org/10.1210/jc.82.5.1368
http://www.ncbi.nlm.nih.gov/pubmed/9625360?dopt=Abstract
http://dx.doi.org/10.1530/eje.0.1380501
http://www.ncbi.nlm.nih.gov/pubmed/16204372?dopt=Abstract
http://dx.doi.org/10.1210/jc.2005-0349
http://www.ncbi.nlm.nih.gov/pubmed/27179965?dopt=Abstract
http://dx.doi.org/10.1007/s11892-016-0751-5
http://www.ncbi.nlm.nih.gov/pubmed/22474040?dopt=Abstract
http://dx.doi.org/10.2337/dc11-2163
http://www.ncbi.nlm.nih.gov/pubmed/13147722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21995767?dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2011.00825.x
http://www.ncbi.nlm.nih.gov/pubmed/36250644?dopt=Abstract
http://dx.doi.org/10.1111/pedi.13408
http://www.ncbi.nlm.nih.gov/pubmed/25941652?dopt=Abstract
http://dx.doi.org/10.4103/2230-8210.155402
http://www.ncbi.nlm.nih.gov/pubmed/17763869?dopt=Abstract
http://dx.doi.org/10.1007/s00431-007-0590-0
http://www.ncbi.nlm.nih.gov/pubmed/18191849?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2007.09.035
http://www.ncbi.nlm.nih.gov/pubmed/21548955?dopt=Abstract
http://dx.doi.org/10.1186/1477-7827-9-61
http://www.ncbi.nlm.nih.gov/pubmed/15601360?dopt=Abstract
http://dx.doi.org/10.1111/j.1399-543X.2004.00059.x
http://www.ncbi.nlm.nih.gov/pubmed/17763869?dopt=Abstract
http://dx.doi.org/10.1007/s00431-007-0590-0
http://www.ncbi.nlm.nih.gov/pubmed/12861226?dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0802328
http://www.ncbi.nlm.nih.gov/pubmed/11737709?dopt=Abstract
http://dx.doi.org/10.1046/j.1442-200X.2001.01442.x
http://www.ncbi.nlm.nih.gov/pubmed/30851158?dopt=Abstract
http://dx.doi.org/10.1515/hmbci-2018-0079
http://www.ncbi.nlm.nih.gov/pubmed/23725039?dopt=Abstract
http://dx.doi.org/10.1186/1752-1947-7-149
http://www.ncbi.nlm.nih.gov/pubmed/28938445?dopt=Abstract
http://dx.doi.org/10.1210/en.2017-00300

