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Importance: The physiologic changes in lipids during puberty in type 1 diabetes (T1D) is
unclear as subjects in previous studies were not stratified by partial clinical remission (PCR)
status.
Aim: To determine the effect of PCR on lipid changes during puberty in youth with T1D.
Subjects and Methods: A retrospective cross-sectional study of 194 subjects consisting of 71
controls of age 12.9±1.3y and 123 subjects with T1D stratified into remitters (n=44, age
13.0±0.8y) and non-remitters (n=79, age 11.2±0.6y). PCR was defined as insulin-dose adjusted
HbA1c of ≤9. Pubertal status was determined by Tanner staging.
Results: Among the pubertal cohort, low-density lipoprotein cholesterol concentration was
significantly higher in the non-remitters compared to the remitters, 91.1±25.6mg/dL vs
77.2±25.8mg/dL, p=0.018; and the normal-weight controls, 91.1±25.6mg/dL vs 70.4±22.9
mg/dL, p=0.009; but was similar between the overweight/obese controls and non-remitters,
89.7±28.9mg/dL vs 91.1± 25.6mg/dL, p=0.81, and similarly between the normal-weight controls
and remitters, 70.4±22.9mg/dL vs 77.2±25.8mg/dL, p=0.39. Total cholesterol was also
significantly higher in the non-remitters compared to the remitters, 167.8±30.5 mg/dL vs
149.8±32.1mg/dL, p=0.012; and normal-weight controls, 167.8±30.5mg/dL vs
143.2±30.1mg/dL, p=0.011; but similar between the non-remitters and overweight/obese
controls, p=0.098; and remitters and normal-weight controls, p=0.51. Non-HDL cholesterol was
equally significantly higher in non-remitters compared to remitters, 111.3±30.1mg/dL vs
95.9±29.1mg/dL, p=0.028; and normal-weight controls, 111.3±30.1mg/dL vs 86.2± 32.2mg/dL,
p=0.028; but similar between non-remitters and overweight/obese controls, p=0.48; and remitters
versus normal-weight controls, p=0.39.
Conclusions: Puberty-related reductions in LDL, TC, and non-HDL occur in remitters and
normal-weight controls, but not in non-remitters and overweight/obese controls.
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There is no consensus on the changes in lipid parameters during puberty in youth with type 1
diabetes (T1D) as earlier studies did not stratify subjects based on partial clinical remission
(PCR) history, also known as honeymoon status, as defined by a clinical marker of residual βcell function(1-3).
T1D is a syndrome of persistent hyperglycemia due to autoimmune destruction of the
pancreatic β-cells(4, 5). The diagnosis of T1D is often followed by PCR which is characterized
by an increased functional capacity of the surviving β-cells and associated increased endogenous
insulin production(6, 7). PCR usually lasts for 3-12 months(8), but could last longer in some
cases(9). PCR has significant impact on both the near-term(10, 11) and long-term(12) lipid
parameters and potential cardiovascular complications in patients with T1D. The presence of
PCR is denoted by an insulin-dose adjusted hemoglobin A1c value of ≤9(8).
Classically, studies in healthy non-diabetic children and adolescents have reported a general
improvement in lipid parameters during puberty as marked by reductions in lipid fractions,
especially LDL cholesterol(13, 14). A longitudinal study of changes in fasting lipids during
puberty in healthy, non-diabetic children reported a uniform decline in the levels of plasma TC,
LDL-C, and non-HDL-C in both sexes during puberty(14).
In contrast, studies in children and adolescents with T1D have reached a different
conclusion(1-3, 14). In a study that compared the TC of children with T1D to controls, Polak et
al(1) reported that the T1D cohort had significantly higher TC than the controls, and more
importantly, that the elevated TC in youth with T1D neither varied with the subjects’ age nor
with their stage of pubertal maturation, in contrast with the earlier report in healthy non-diabetic
children and adolescents(14). However, the studies that examined lipid profiles during puberty in
youth with T1D did not take their subjects’ remission status into consideration in the analyses(13, 14). This is crucial as PCR, denoted by residual β-cell function, has been reported by the
Diabetes Complication and Control Trial (DCCT) to reduce the risk for long-term cardiovascular
disease in patients with T1D(12). Furthermore, a recent study showed that remitters have
significantly reduced risk for chronic microvascular complications of T1D in the first seven
years of disease compared to non-remitters(10), while another found a significantly reduced LDL
level in remitters compared to the non-remitters in the first 5 years of diagnosis with T1D(11).
Therefore, this study was designed to investigate differences in lipid concentration between
children and adolescents with T1D and their age-matched controls during puberty. The
hypothesis is that plasma TC, LDL-C, and non-HDL-C concentrations will be higher in the nonremitters and overweight/obese controls compared to the remitters and normal-weight controls
during the pubertal years.

Ethics Statement

Both the study protocol and the waiver of authorization to review subjects’ retrospective records
were approved by the Institutional Review Board of the University of Massachusetts, Docket #
H00015476. All subjects’ data were anonymized and de-identified prior to analysis.
Subjects

The patient population consisted of 194 pediatric patients from the Children’s Medical Center
Database of the UMassMemorial Medical Center, Worcester, Massachusetts, USA. In this
retrospective cross-sectional study, we compared the anthropometric, pubertal, and biochemical
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The approach for anthropometric assessments has been previously described in detail(11, 16, 18,
20). Briefly, height and weight were measured by standard techniques, and body mass index
(BMI) was calculated from the formula: weight/height2 (kg/m2). These parameters were further
expressed as z-scores for age and sex, based on National Center for Health Statistics data(21,
22). Overweight was defined as BMI of ≥85th but <95th percentile, and obesity was defined as
BMI of ≥95th percentile for age and gender. Sexual maturity rating was determined by Tanner
staging, with Tanner I denoting prepubertal status, and Tanner II-V denoting pubertal status.
The assay methodologies have been previously described(11, 16, 20, 23). The estimation of
serum lipids was conducted at the University of Massachusetts Medical School Clinical
Laboratory based on the Beckman Coulter AU system which is certified to meet the National
Cholesterol Education Program’s criteria for accuracy(24). In situations where triglycerides were
≥400 mg/dL, LDL-cholesterol level was measured by the beta quantification procedure(25).
Serum concentrations of diabetes-associated autoantibodies were quantified by Quest
Diagnostics, Chantilly, VA, USA.
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Statistical Analyses

Means and standard deviations (SD) were calculated for the continuous descriptive summary
statistics and biochemical parameters. Two-sided Student's t test was used to compare the two
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data of 71 controls of age 12.9±1.3y and 123 subjects with T1D stratified into remitters (n=44,
age 13.0±0.8y) and non-remitters (n=79, age 11.2±0.6y). Subjects with T1D were included in the
study if they were <21 years, of Tanner stages I-V, and had data on HbA1c and total daily dose
of insulin obtained in the first 6 months of diagnosis of T1D and also at 4-5 years; in addition to
lipid data obtained at 4-5 years after the diagnosis of T1D. Twelve patients with T1D were
excluded from analysis because of lack of data on Tanner staging. The control group consisted of
healthy children and adolescents of <21 years appearing for routine evaluation. Subjects were
excluded if they had a history of dyslipidemia, were receiving lipid-lowering medications, were
on birth control pill, or had a documented family history of dyslipidemia. Twenty-three subjects
were excluded from the control group based on these criteria. The methodology of the diagnosis
of T1D has been previously described in detail(11, 15, 16) and was based on glycemic and
antibody profiles as recommended by the American Diabetes Association (ADA) (17).
Individuals diagnosed with other forms of diabetes mellitus were excluded from the study.
For the T1D cohort, our group has previously published that data collection for
anthropometric, biochemical clinical parameters were conducted at the time of diagnosis, and
then every 3 months for the first year, and every 3 to 6 months until 36 months in patients with
T1D(16, 18). This study showed that the peak prevalence of PCR occurred at 6 months after the
diagnosis of T1D(18). We have further published that additional anthropometric and biochemical
data were collected at the 4th year or 5th year visit in line with the ADA recommendation for the
initiation of screening for diabetes complication in children with T1D either at the inception of
puberty or 4-5 years after the diagnosis(17). PCR was defined by insulin dose-adjusted
hemoglobin A1c (IDAA1c) of ≤9(8). The IDAA1c, which integrates HbA1c and TDD, is
currently considered the gold standard clinical parameter for the detection of PCR(8). It has been
validated in multiple cohort studies(6, 7, 19) and is useful for the characterization of PCR in
clinical studies. The formula for IDAA1C is HbA1c (%) + [4 X total daily dose of insulin
(units/kg/24h)](8).
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This retrospective cohort study analyzed the data of 194 subjects consisting of 71 controls and
123 subjects with T1D. The T1D subjects were further divided into remitters and non-remitters.
Table 1 shows that the non-remitters were younger than the controls and remitters. The controls
had significantly higher BMI than the T1D subjects. Systolic BP was lower in the remitters
compared to the controls. Table 1 also shows that both the HbA1c and total daily dose (TDD) of
insulin were significantly lower in the remitters at the time of peak PCR at 6 months; but were
similar between the remitters and non-remitters at 4-5 years after the diagnosis of T1D.
To accurately determine the influence of puberty or changes in lipid parameters, we stratified
the subjects by prepubertal and pubertal status based on Tanner staging of sexual maturation.
Comparisons were made between the remitters, non-remitters, and controls. Because the controls
had significantly higher BMI than the remitters and non-remitters (Table 1), we further subclassified the controls into normal weight (BMI <85th percentile) and overweight/obese (BMI
≥85th percentile) for the analysis.
We focused on changes in plasma TC, LDL-C, and non-HDL-C as both the International
Society for Pediatric and Adolescent Diabetes (ISPAD) (26) and the American Diabetes
Association (ADA)(17) designate LDL as the primary marker of cardiovascular risk in children
and adolescents with T1D while the 2011 Integrated Pediatric Guidelines for Cardiovascular
Risk Reduction in Children and Adolescents(27, 28) recommend universal screening with nonfasting non-HDL-C at ages 9-11 and 17-21 years.

V

Stratification by Pubertal status

D

Low density lipoprotein cholesterol (LDL-C)
Serum LDL-C concentration was similar among the 4 groups for the prepubertal cohort. In
contrast, among the pubertal cohort, LDL-C was significantly higher in the non-remitters
compared to the remitters, 91.1 ± 25.6 mg/dL vs 77.2 ± 25.8 mg/dL, p = 0.018; and also
significantly higher in the non-remitters compared to the normal-weight controls, 91.1 ± 25.6
mg/dL vs 70.4 ± 22.9 mg/dL, p = 0.009 (Figure 1a). Interestingly, though LDL-C was
significantly higher in the overweight/obese controls compared to the normal-weight controls
89.7 ± 28.9 mg/dL vs 70.4 ± 22.9 mg/dL, p = 0.033, it was similar between the overweight/obese
controls and non-remitters, 89.7 ± 28.9 mg/dL vs 91.1 ± 25.6 mg/dL, p = 0.81. LDL-C was
equally similar between the normal-weight controls and remitters, 70.4 ± 22.9 mg/dL vs 77.2 ±
25.8 mg/dL, p = 0.39. Figure 1b shows lower LDL-C values in both the normal-weight control
and remitters during puberty, but not in the overweight/obese controls and non-remitters.
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groups, remitters and non-remitters, as defined by IDAA1c≤9 criterion (Table 1). Proportions
were calculated for the presence of overweight or obesity (BMI >85th percentile). Comparison of
binary variables (sex, race, and Tanner stage) between the two groups were performed using
Pearson's chi-squared test. P values for categorical variables were derived from chi-square
statistics, while the p values for continuous variables were derived from ANOVA statistics. Nonparametric data were analyzed using Wilcoxon rank test. The scatterplot trajectories were
generated using Loess regression, a nonparametric smoothing technique using local weighted
regression. Outlier analyses were performed and extreme outliers were removed from the
analyses. Boxplots are presented in the standard manner with boxes and whiskers representing
interquartile ranges. Symbols beyond the whiskers designate outliers determined to be valid data
points. All analyses were performed using SAS 9.4 software (SAS Institute Inc, Cary, NC).
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LDL
The overweight/obese controls had significantly higher LDL-C compared to the normal-weight
controls, 86.3 ± 25.7 mg/dL vs 71.2 ± 20.8 mg/dL, p=0.022; but there was no difference in LDLC concentration between the normal-weight and overweight/obese groups for both the remitters
and non-remitters.
Among the normal-weight cohort, LDL-C was significantly higher in the non-remitters
compared to the normal-weight controls, 89.2 ± 27.4 mg/dL vs 71.2 ± 20.8 mg/dL, p=0.01, while
LDL-C was similar between the normal-weight controls and remitters (p=0.40), as well as
between the remitters and non-remitters, (p=0.13).
Among the overweight/obese cohort, LDL-C was significantly higher in the non-remitters
compared to the remitters 96.7 ± 24.2 mg/dL vs 79.9 ± 21.2 mg/dL, p=0.031, but was similar
between the controls and remitters, 86.3 ± 25.7 mg/dL vs 79.9 ± 21.2 mg/dL, p=0.37.

D

V

A

Non-HDL cholesterol
Among the normal-weight cohort, non-HDL was significantly higher in the non-remitters
compared to the controls, 107.1 ± 29.3 mg/dL vs. 90.5 ± 30.1 mg/dL, p=0.024; as well as
between the non-remitters and remitters, 107.1 ± 29.3 mg/dL vs. 88.4 ± 31.0 mg/dL, p=0.021. In
contrast, non-HDL was similar between the controls and the remitters, 90.5 ± 30.1 mg/dL vs.
88.4 ± 31.0 mg/dL, p=0.88. Among the overweight/obese cohort, the differences in non-HDL did
not reach statistical significance.
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Stratification by sex

LDL-C
The intergroup comparison showed no significant difference among the female subjects. In
contrast, among the male subjects, LDL was significantly higher in the overweight/obese
controls compared to the normal-weight controls, 81.38 ± 23.3 mg/dL vs 65.6 ± 16.0 mg/dL,
p=0.041. Furthermore, LDL was also significantly higher in the male non-remitters compared to
the normal-weight controls, 92.6 ± 32.2 mg/dL vs 65.6 ± 16.0 mg/dL, p=0.0012; as well as male
non-remitters compared to the male remitters, 92.6 ± 32.2 mg/dL vs 74.5 ± 24.3 mg/dL, p=0.034.
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Non-HDL Cholesterol
In the prepubertal cohort, Non-HDL was similar among the 4 groups. In contrast, in the pubertal
cohort, non-HDL cholesterol was significantly higher in the non-remitters compared to the
remitters, 111.3 ± 30.1 mg/dL vs 95.9 ± 29.1 mg/dL, p=0.028; and also, significantly higher in
the non-remitters compared to the normal-weight controls, 111.3 ± 30.1 mg/dL vs 86.2 ± 32.2
mg/dL, p=0.028 (Figure 2a). In line with the findings for the LDL-C and TC, non-HDL was
similar between the non-remitters and overweight/obese controls on one hand, 111.3 ± 30.1
mg/dL vs 105.6 ± 37.6 mg/dL, p=0.48, and the remitters and normal-weight controls on the
other, 95.9 ± 29.1 mg/dL vs 86.2 ± 32.2 mg/dL, p=0.39. Figure 2b shows that both the remitters
and normal-weight controls demonstrated lower non-HDL cholesterol concentration during
puberty, while the non-remitters and overweight/obese controls did not.
Because the comparisons for the TC, LDL, and non-HDL showed similar patterns of
reduction in remitters, we chose to fully report the results of LDL and non-HDL in full, while the
TC results are depicted in Figures 3a and 3b.
Next, we explored the effects of major covariates -BMI, sex, and race- on the differences in
lipid parameters around the time of puberty in these subjects.

Journal of the Endocrine Society; Copyright 2019

DOI: 10.1210/js.2019-00016

LE

Stratification by race

T

R

C

E

A

Non-HDL
Significant findings for this analysis were seen in the White cohort where non-HDL was
significantly higher in the non-remitters compared to the normal-weight controls, 110.7 ± 28.1
mg/dL vs 85.9 ± 24.7 mg/dL, p=0.011; and also significantly higher in the non-remitters
compared to the remitters, 110.7 ± 28.1 mg/dL vs 92.8 ± 29.3 mg/dL, p=0.0075. Non-HDL
cholesterol was similar between the normal-weight controls and the remitters (p=0.51), as well as
overweight/obese controls and remitters (p=0.19).

V

Discussion

A

N

Triglycerides (TG)
The comprehensive analysis of changes in serum triglycerides did not show any appreciable
differences between the male and female subjects; the white- and non-white subjects; and the
prepubertal and the pubertal subjects.

D

The origins of the dichotomy in cardiovascular disease risk in adults with T1D are rooted in
childhood(10-12), but the exact mechanism and point of divergence from normal in
cardiovascular risk are not known. This study was designed to support or disprove the current
thinking that children with T1D do not experience a reduction in TC, LDL, and non-HDL during
puberty(1), as has been reported for healthy children without T1D(13, 14). This is the first study
to characterize the natural pattern of lipid profiles in children and adolescents with T1D as they
traverse through puberty based on stratification by remission status, and compared to their
healthy peers.
The first novel finding is that remission status at least partially determines the pattern of lipid
concentrations in youth with T1D during pubertal maturation: children with T1D who
experienced the honeymoon phase or PCR showed similar reductions in LDL-C, TC, and nonHDL-C as do normal-weight, healthy children without T1D(14), while non-remitters did not.
The stratification of the subjects into remitters and non-remitters is crucial for this investigation
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Serum LDL-C was similar among the groups for the non-white cohort. In contrast, among the
white cohort, LDL-C was significantly higher in the overweight/obese controls compared to the
normal-weight controls, 85.1 ± 23.5 mg/dL vs 66.8 ± 13.2 mg/dL, p=0.0022. Equally, nonremitters had significantly higher LDL-C compared to the normal-weight controls, 93.6 ± 26.6 vs
66.8 ± 13.2 mg/dL, p<0.001; and also compared to the remitters, 93.6 ± 26.6 vs 78.3 ± 29.4
mg/dL, p=0.013. In contrast, LDL-C was similar between the normal-weight controls and
remitters, 66.8 ± 13.2 mg/dL vs 78.3 ± 29.4 mg/dL, p=0.07; and overweight/obese controls and
non-remitters (p=0.15).
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Non-HDL cholesterol
Non-HDL cholesterol was similar among the 4 groups for the female cohort. In contrast, the
male cohort showed a significantly higher non-HDL cholesterol level in the overweight/obese
controls compared to the normal-weight controls, 103.1 ± 24.3 mg/dL vs 83.5 ± 23.3 mg/dL,
p=0.044; and significantly higher non-HDL in the non-remitters compared to the normal-weight
controls, 110.9 ± 32.2 mg/dL vs 83.5 ± 23.3 mg/dL, p=0.019. Non-HDL was similar between the
normal-weight controls and the remitters, 83.5 ± 23.3 mg/dL vs 93.5 ± 30.6 mg/dL, p=0.37, but
non-significantly higher in the non-remitters compared to the remitters, 110.9 ± 32.2 mg/dL vs
93.5 ± 30.6 mg/dL, p=0.067.
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as the lack of consensus from earlier studies on the patterns of lipid profile in children and
adolescents with T1D may have resulted from the lack of stratification of subjects by PCR
history(2, 29-31).
The second novel finding is that remitters have an intrinsic protection against adipositydriven dyslipidemia, and this protection is absent in non-remitters as demonstrated by the
significantly elevated LDL-C in overweight/obese non-remitters compared to overweight/obese
remitters during puberty. This is in line with the finding that residual C-peptide has vascular
protective function(12) and could protect the remitters from early-phase anatomic changes in
vasculature caused by dyslipidemia.
The third novel finding is that overweight/obese children without T1D do not experience the
classic reduction in LDL, TC, and non-HDL that was described by Eissa et al(14) in healthy
children during puberty. This is important as Eissa et al(14) did not stratify their subjects by
normal-weight and overweight/obese status.
The peripubertal lipid patterns were further explored in relation to major covariates: BMI,
sex, and race. When stratified by BMI status into normal-weight and overweight/obese groups,
an analysis of the normal-weight cohort showed that LDL-C was significantly higher in the nonremitters than the controls, but similar between the non-remitters and remitters. Similarly, in the
overweight/obese cohort, LDL-C was significantly higher in the non-remitters compared to the
remitters (p=0.031), but was similar between the controls and remitters (p=0.37).
When the subjects were stratified by sex, LDL, and TC were significantly higher in male
non-remitters, which is in contrast to the report that male subjects without diabetes display
robust declines in LDL, TC, and non-HDL - than female subjects during puberty(14). This
suggests that non-remission may diminish this robust decline in TC, LDL, and non-HDL in male
subjects with T1D.
When the subjects were stratified by race, the results show that among the White subjects,
LDL, TC, and non-HDL concentrations were significantly higher in the non-remitters compared
to the controls, and remitters; suggesting that White subjects could be at a higher risk for earlyphase dyslipidemia in subjects with T1D(28). Non-remission appears to worsen this trend toward
dyslipidemia.
Figures 1b, 2b, and 3b show that even among the controls, the overweight/obese subjects do
not undergo a robust decrease in TC, LDL, and non-HDL during puberty. Instead, only the
normal-weight controls and remitters exhibit this phenomenon. This is important as it argues
against the notion(14) that healthy children without T1D experience reductions in TC, LDL, and
non-HDL during puberty.
The findings from this study are important because they provide the much-needed data on the
timing of the onset of the divergence in lipid profiles, and consequent cardiovascular disease
risk, in youth with T1D. According to our data, this occurs between ages 11-12 years for LDL-C,
TC, and non-HDL cholesterol; a finding that is consistent with the timing of the onset of
reduction in LDL-C, TC, and non-HDL during puberty in children without diabetes mellitus(28).
The mechanism of the reduction in LDL-C, TC, and non-HDL during puberty is likely due to
the effect of sex hormones on lipoprotein metabolism, specifically changes in alpha and beta
lipoproteins(28). We believe that this reduction in the concentrations of LDL-C, TC, and nonHDL could be attenuated or abolished by increased insulin resistant state(32) as reported in our
overweight/obese cohort. In contrast, PCR appears to facilitate this reduction in LDL-C, TC, and
non-HDL in youth with T1D.
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Figure 1a . Bar graphs of low-density lipoprotein (LDL) cholesterol concentration stratified by
pubertal status in controls and subjects with type 1 diabetes. There was no significant difference
between the groups in the prepubertal cohort. In contrast, in the pubertal cohort, LDL was
significantly higher in the non-remitters compared to the remitters (p=0.018), significantly higher
in the non-remitters compared to the normal-weight controls (p=0.009). LDL was significantly
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Figure 1b . A comparison of the patterns of LDL cholesterol in controls and subjects with type 1
diabetes. Both the remitters and normal-weight controls demonstrated lower LDL cholesterol
concentration during puberty, while the overweight/obese controls and the non-remitters did not.
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Figure 2a . Bar graphs of non-HDL cholesterol concentration stratified by pubertal status in
controls and subjects with type 1 diabetes. In the prepubertal cohort, non-HDL was similar
between the groups. However, in the pubertal cohort, non-HDL was significantly higher in the
non-remitters compared to the controls (p=0.028), and the remitters (p=0.028), but similar
between the normal-weight controls and remitters (p=0.39); and between the overweight/obese
controls and the non-remitters (p=0.48).
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Figure 3a. Bar graphs of total cholesterol (TC) concentration stratified by pubertal status in
controls and subjects with type 1 diabetes. In the prepubertal cohort, LDL was significantly
higher in the non-remitters compared to the controls (p=0.022). However, in the pubertal cohort,
LDL was significantly higher in the non-remitters compared to the normal-weight controls
(p=0.011), and the remitters (p=0.012), but similar between the overweight/obese controls and
non-remitters (p=0.09), and the normal-weight controls and remitters (p=0.51).
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Figure 3b. A comparison of the patterns of total cholesterol (TC) in controls and subjects with
type 1 diabetes. Both the remitters and normal-weight controls demonstrated lower TC
concentration during puberty, while the overweight/obese controls and the non-remitters did not.
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Table 1. Anthropometric and Biochemical Characteristics of the subjects

A

Parameters

D

V

Age (years)
Sex
Male (%)
•
Female (%)
•
Race
White (%)
•
Non-white (%)
•
Pubertal Status
Tanner I (%)
•
Tanner II-V (%)
•
BMI Status in percentile
Normal-weight (<85th) (%)
•
Overweight/obese (≥85th)(%)
•
Height z-score
Weight z-score
Body mass index (BMI) z-score
Systolic Blood Pressure (mm Hg)
Diastolic Blood Pressure (mm Hg)
HDL- cholesterol (mg/dL)
LDL- cholesterol (mg/dL)
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Figure 2b. A comparison of the patterns of non-HDL cholesterol in controls and subjects with
type 1 diabetes. Both the remitters and normal-weight controls demonstrated lower non-HDL
concentration during puberty, while the overweight/obese controls and the non-remitters did not.

Controls (n=71)

Remitters (n=44)

p value

12.9 ± 5.3

Non-Remitters
(n=79)
11.2 ± 2.9

13.0 ± 2.5

0.01

54%
46%

41%
59%

52%
48%

0.17

61%
39%

79%
21%

82%
18%

0.014

37%
63%

38%
62%

14%
86%

0.012

28%
72%
0.3 ± 1.3
1.7 ± 1.3
1.7 ± 1.1
111.8 ± 11.9
69.9 ± 8.9
46.3 ± 9.7
82 ± 25.2

69%
31%
-.01 ± 1.2
0.5 ± 1.0
0.7 ± 0.9
107.6 ± 11.8
70.0 ± 7.0
57.8 ± 13.3
91.6 ± 26.5

64%
36%
0.1 ± 0.9
0.7 ± 0.8
0.7 ± 0.8
111.3 ± 12.8
70.6 ± 6.0
53.2 ± 11.7
78.8 ± 28.7

<0.0001
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0.29
<0.0001
<0.0001
0.088
0.88
<0.0001
0.025
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higher in the overweight/obese controls compared to the normal-weight controls (p=0.033), but
similar between the normal-weight controls and remitters (p=0.39).
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92.9 ± 57.4
166.9 ±29.7
3.0 ± .8
70.4 ± 16.9
8.6 ± 1.5
72.3 ± 13.5
8.8 ± 1.2
0.64 ± 0.6

99.1 ± 65.7
151.5 ±32.6
2.9 ± 0.7
56.8 ± 14.6
7.35 ± 1.3
70.4 ± 16.9
8.6 ± 1.5
0.22 ± 0.2

0.43
0.015
0.012
0.0001
0.0001
0.53
0.53
<0.001

N/A
N/A

1.0 ± 0.4
4.8 ± 0.4

0.9 ± 0.4
4.8 ± 0.4

0.24
1.00
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A
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105.8 ± 57
150.1 ± 29.2
3.3 ± 0.8
N/A
N/A
N/A
N/A
N/A
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Triglycerides (mg/dL)
Total cholesterol (TC) (mg/dL)
Total cholesterol/HDL ratio
HbA1c (mmol/mol) at the peak of remission at 6 months
HbA1c (%) at the peak of remission at 6 months
HbA1c (mmol/mol) at 4-5 years
HbA1c (%) at 4-5 years
Total daily dose of insulin (units/kg/day) at the peak of
remission at 6 months
Total daily dose of insulin (units/kg/day) at 4-5 years
Duration of diabetes (years)
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