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Objective

The adrenal glands of patients with 17-hydroxylase/17,20-lyase deficiency (17OHD) synthesize excessive 11-deoxycorticosterone(DOC) and progesterone, and produce less amount of sex steroid production. Mineralocorticoids and sex hormones play an important role in regulating glucose homeostasis. This study aimed to describe the glucose metabolism in 17OHD patients diagnosed at Peking Union Medical College Hospital (PUMCH).



Design/methods

A total of 69 patients diagnosed with 17OHD after adolescence in PUMCH from 1995 to June in 2021. Among them 23 patients underwent a 3-hours oral glucose tolerance test (3hOGTT) after being diagnosed with 17OHD. Insulin response in patients with normal glucose tolerance (NGT) were further compared between the study two groups with different kalemia status. Another 19 patients were followed up to 30 years and older. All clinical data were obtained from the hospital information system of PUMCH.



Results

Baseline: (1) The average body mass index(BMI) of all patients at baseline was 20.3 ± 3.7kg/m2. Twenty-three patients underwent 3hOGTT, of whom three were diagnosed with diabetes mellitus, and one with impaired glucose tolerance (IGT). Positive correlation between the ratio of progesterone to upper limit of normal range (P times) and hyperglycaemia was exist(r=0.707, P=0.005). (2) In 19 NGT patients, the insulin concentrations at 0 minute, results of the homeostasis model assessment for β-cell function and insulin resistance were lower in the hypokalaemia group than in the normal kalemia group(7.0(5.8-13.2) vs 12.4(8.9-14.9) μIU/ml, P=0.017; 115.5(88.2-240.9) vs 253.1(177.2-305.8), P=0.048; 1.54(1.17-2.61) vs 2.47(1.91-2.98), P=0.022, respectively). Follow-up: Four patients had IGT, while seven patients had diabetes mellitus. Of the 19 patients,11 had hyperglycaemia. P times was significantly higher(7.6(5.0-11.0) vs 3.75(2.2-5.3), P=0.008) in hyperglycemia group than in the normal glucose group.



Conclusions

Abnormal glucose metabolism was common in 17OHD patients, which was possibly associated with hypokalaemia and high progesterone levels. Routine monitoring on glucose metabolism in 17OHD patient should be conducted.
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Introduction

Congenital adrenal hyperplasia (CAH) is a group of seven autosomal recessive disorders, each of which involves an enzyme deficiency in the adrenal steroid genesis pathway that leads to the impairment of cortisol biosynthesis (1). More than 95% of congenital adrenal hyperplasia cases are due to 21- hydroxylase deficiency (1) (2). 17-hydroxylase/17,20-lyase deficiency (17OHD) is a rare form of congenital adrenal hyperplasia caused by CYP17A1 gene mutation (3). The CYP17A1 gene encodes an enzyme that expresses both 17-hydroxylase and 17,20-lyase activities in which severe mutations impair the production of adrenal and gonadal sex steroids production and cause sexual infantilism and puberty failure. Both 46, XX and 46, XY patients have female external genitalia and usually present during puberty as girls without secondary sexual characteristics, with hypergonadotropic hypogonadism (4). Corticosterone accumulates and substitutes for cortisol, hence, adrenal crisis rarely occurs in patients with 17OHD. For this reason, children are not usually diagnosed with this condition until they reach adulthood (5). Otherwise, the blockage of the 17-hydroxylase enzyme inhibits cortisol production and consequently increases the production of adrenocorticotropic hormone (ACTH). As a consequence, there is increase accumulation of immediate precursors to the enzymatic block, such as progesterone, mineralocorticoid hormone-deoxycorticosterone (DOC), corticosterone, and progesterone. High concentrations of deoxycorticosterone cause sodium retention, hypertension, and hypokalaemia, with suppression of aldosterone production (6) (7).

Primary aldosternism, another disease caused by excessive secretion of mineralocorticoids, is associated with insulin resistance and hyperglycaemia (8) and hypokalaemia and inhibits insulin secretion (9). However, whether patients with 17OHD, a characteristic of elevated mineralocorticoid hormone DOC levels and hypokalaemia, have insulin dysfunction and abnormal glucose metabolism remains unknown. Therefore, a retrospective study was performed to assess the glucose metabolism in 17OHD patients diagnosed in our hospital.



Research design and methods


Patients

This study included 69 patients diagnosed with 17OHD in Peking Union Medical College Hospital (PUMCH) from 1995 to June in 2021. Among them, 23 patients underwent a 3-hours oral glucose tolerance test (3hOGTT) after obtaining a diagnosis of 17OHD prior to medication treatment, while another 19 patients were followed up to 30 years and older. Data on the glucose metabolism in those patients were retrospectively analysed.

A diagnosis of 17OHD was established based on the clinical characteristics and hormone levels. The diagnostic criteria included: hypertension, hypokalaemia, and hypergonadotropic hypogonadism, female patients (46XX) have primary amenorrhea with absent sexual characteristics, whereas 46,XY individuals present with 46,XY DSD with female external genitalia but without uterus and fallopian tubes (3). All clinical data were obtained from the hospital information system of PUMCH. At baseline, all biochemical studies was collected before starting steroids treatment, and the median adrenocorticotropic hormone (ACTH) levels was 137.0(85.1-244.0) pg/ml, cortisol(F) 0.90(0.51-3.15) μg/dl, and oestradiol (E2) levels was 15.6(3.1-27.1) pg/ml (Table 1). For patients followed up to 30 years or above, the clinical data was were compared with the findings of either the physical and chemical examinations at the latest follow-up if the glucose metabolism remained normal, or those of examinations at the first time that the abnormal glucose metabolism was recognized.


Table 1 | Baseline clinical characteristics of 17OHD patients categorized by karyotypes.



Ethical approval was not required because the data were properly anonymised and informed consent was only obtained at the time of original data collection. The requirement for obtaining informed consent for this study was waived by the PUMCH ethics board.



Clinical and laboratory examinations

Physical examinations included age, blood pressure, height, weight. Biochemical examination was performed to determine the renal and liver function, serum potassium concentration, cholesterol (total, low-density lipoprotein, and high-density lipoprotein), triglycerides, ACTH, F, E2, progesterone(P), fasting blood glucose(FBG) and insulin(INS). The normal level for ACTH is <46 pg/ml, and the range for E2 in follicular phase is 22-115pg/ml. Chromosome karyotyping was performed in all patients. In 69 patients with 17OHD, only 23 underwent 3hOGTT prior to the initiation of medication treatment.



Calculation of variables

1, Body mass index(BMI)=weight(kg)/height squared(m2)

2, insulin action was estimated using the homeostasis model assessment for insulin resistance (HOMA-IR).

HOMA-IR = (fasting INS×FBG)/22.5, with glucose and INS expressed as mmol/L and mIU/ml, respectively (10).

3,Insulin secretion was estimated using the homeostasis model assessment for β cell function(HOMA-B).

HOMA-β =20 × fasting INS/(FBG-3.5), with glucose and insulin expressed as mmol/L and mIU/ml, respectively (10).

4, Progesterone times (P times)= progesterone concentration/upper limit of normal women in follicular phase range.



Statistical analysis

The continuous variables with normal distribution were expressed as the mean ± SD, while the non-normal distribution variables were expressed as the median (interquartile range). The differences in normal continuous variables between groups were detected using the Student t test, non-normal distribution variables were using non-parametric test, and categorical variables were using Fisher’s exact test. Bivariate correlation analysis was conducted between hyperglycemia and clinical data. ANCOVA was used to compare HOMAIR values between the hypokalaemia group and normal kalaemia group in NGT patients, after adjusting for BMI. A P value<0.05 was considered significant in all statistical tests. All analyses were performed using the SPSS version 25.0.




Result


Baseline


Clinical characteristics of the 17OHD patients

All patients had been assigned female gender at birth and diagnosed with 17OHD after adolescence with confirmed 46, XY (n=46) and 46, XX (n=23) karyotypes. The patients’ average age was 22.9 ± 8.3 years, while the BMI was 20.3 ± 3.7kg/m2. No differences were observed in age, BMI values, blood pressure, cholesterol (total and low-density lipoprotein)level, triglyceride level and uric acid level between 46, XY patients and 46, XX patients, however, the progesterone concentration was significantly higher in 46XX patients than in 46, XY patients (P times 8.4(6.4-10.7) vs 6.9(4.8-11.9), P=0.011), and HDL-C slightly higher in 46XY patients (1.4 ± 0.4 vs 1.2 ± 0.3, P=0.045) (Table 1).



Insulin action based on the 3hOGTT result

Twenty-three patients underwent 3hOGTT test before medication, of whom three were diagnosed with diabetes mellitus(3/23, 13.0%), one with impaired glucose tolerance (IGT) and 19 patients with normal glucose tolerance (NGT). Average age was 24.4 ± 2.2 years, while BMI was 20.3 ± 0.8kg/m2. Four of the 19 patients had hyperglycaemia. Patients with hyperglycaemia were older than NGT, and there were no differences in BMI, blood pressure, lipid profile and uric acid concentration between NGT and hyperglycaemia (Supplementary Table 1).

The median HOMA-IR values were 2.3 in 19 NGT patients, and >1.4 in 16 patients with NGT, while 10 had an HOMA-IR value of > 2.0.Thirteen patients suffered hypokalaemia(13/23). Among four patients with hyperglycemia, there were three patients suffering hypokalaemia, the serum potassium concentration were 2.6, 2.9, 1.9mmol/L, respectively. The P times values of four patients with hypgerglycemia were 12.7, 5.98, 4.8, and 10.3, respectively. Bivariate correlation analysis was conducted between hyperglycemia and clinical data, and results showed only a positive correlation between P times and hyperglycaemia(r=0.707, P=0.005).

Patients with NGT were further divided into two groups according to hypokalaemia (< 3.5 mmol/l) status. The INS concentrations at 0 minute were lower in hypokalaemia group compared with that in the normal kalaemia group (7.0(5.8-13.2) vs 12.4(8.9-14.9) μIU/ml, P=0.017), but no difference in glucose response was observed between the two groups. Similarly, the HOMA-β value in the hypokalaemia group was lower than in the normal kalaemia group (115.5(88.2-240.9) vs 253.1(177.2-305.8), P=0.048). Moreover, the HOMAIR value in hypokalaemia group was lower than that in the normal kalaemia group (1.54(1.17-2.61) vs 2.47(1.91-2.98), P=0.022) and such a difference did not disappear after adjusting for BMI (Table 2).


Table 2 | Baseline OGTT results for 19 NGT patients categorized by kalemia situation.






Follow-up


Glucose metabolism

Nineteen patients with NGT have been followed up to over 30 years. Among these patients, four developed IGT, while seven developed diabetes mellitus. One patient who developed diabetes mellitus at the age of 15 years tested negative for genomic markers of maturity-onset diabetes of the young (MODY) and GAD antibody and consequently received metformin; another patient developed IGT at the age of 24 years. Most patients (n=7) developed hyperglycaemia at the age of 30-34 years of age. Of the 19 NGT patients, 11 had hyperglycaemia(58%) (Table 3) (Supplementary Table 2). The level of progesterone was significantly higher in the abnormal glucose group than in the normal glucose group (P times 7.6(5.0-11.0) vs 3.75(2.2-5.3), P=0.008). No significant differences were observed in the karyotypes, lipid profile or uric acid concentration between the two groups.


Table 3 | The clinical characteristics of 19 patients who followed up to 30 years old or above with NGT at baseline by glucose metabolism status.





Glucocorticoid and sex hormone treatment

All patients were treated with prednisone or dexamethasone, as a consequence, the patients’ potassium level returned to normal. In NGT group, two patients took prednisone 2.5mg/d, three patients took dexamethasone 0.25mg/d, and other three took dexamethasone 0.375mg/d. In hyperglycemia group, two patients took prednisone 2.5mg/d, one patients took dexamethasone 0.25mg/d, six patients took dexamethasone 0.375mg/d, one took dexamethasone 1.125mg/d, another patients refused to take medication (Supplementary Table 2). Thus, there was no difference in two groups. In the normal glucose group (n=8), seven patients received artificial cycle therapy with oestrogen; in the hyperglycaemia group (n=11), only four patients received oestrogen therapy (P=0.057). No significant difference was observed in the serum potassium concentration between the two groups during the follow-up period (P=0.844).





Discussion

To our knowledge, this study was the first to summarize the baseline and follow-up characteristics of Chinese 17OHD patients. This study summarized the results of physical and chemical examaminations in 69 patients diagnosed with 17OHD at baseline and the glucose metabolism status during follow-up in 19 patients with NGT. The results from this study indicate that impaired insulin secretion is linked with hypokalemia in 17OHD patients with NGT, while hyperglycaemia is associated with high progesterone concentration after hypokalaemia was rectified.

In this study, three of the 23 17OHD patients were diagnosed with diabetes mellitus at baseline, drastically higher than the prevalcence of diabetes among Chinese population aged 18-29 years, the overall standardised prevalence of total diabetes was 2.0%(95% confidence interval 1.5 to 2.7) (11). Abnormal potassium and hormone concentration are involved in the pathophysiologic mechanism of diabetes in these 17OHD patients. The median HOMA-IR value was 2.3 in 19 NGT patients at baseline. Zhang et al. reported 46 normal controls(normal waist circumference + no metabolic abnormality) from Peking Union Medical College physical examination center, among them median HOMA-IR was 0.97(0.66, 1.41) in males, and 1.00(0.81, 1.40) in females (12). HOMA-IR is a convenient and inexpensive surrogate measure of estimating insulin resistance, derived from a mathematical assessment of the balance between hepatic glucose output and insulin secretion from fasting levels of glucose and insulin. HOMA-IR can be used to predict diabetes in the future (13). In the Hong Kong Cardiovascular Risk Factor Prevalence Study (CRISPS)-4, a prospective population-based cohort study with 15 years of follow-up, the optimal HOMA-IR cut-off values of 1.4 and 2.0, were used to distinguish dysglycaemia from NGT, and type 2 diabetes from non-diabetes, respectively (14). In our study, two of three patients had an HOMA-IR values of >1.4, and more than one half had an HOMA-IR value >2.0. Generally speaking, for most 17α-hydroxylase/17,20-lyase deficiency patients, their BMI values are within the normal or lower range due to insufficient cortisol secretion, and they have no other metabolic abnormalities related to insulin resistance, such as hyperlipidaemia and hyperuricemia. In this study, the BMI value, lipid profile, and uric acid level were normal, which indicate that the common risk factor of insulin resistance is hypertension. Thus, the mechanism of insulin dysfunction in 17α-hydroxylase/17,20-lyase deficiency is probably different from that of type 2 diabetes.

Previous literature reported that hypokalaemia also inhibits insulin secretion (15). In this study, no difference was observed in the fasting glucose level, but the INS concentrations at 0 min and HOMA-B value were lower in the hypokalaemia group than in the normal kalaemia group(P=0.017; and P=0.048, respectively). Our results also confirm that hypokalaemia inhibits the islets β Cell function, especially insulin secretion in the basal state. However, HOMA-IR was lower in the hypokalaemia group, even after adjusting for BMI. Therefore, insulin resistance index based on basal insulin secretion may underestimate the degree of insulin resistance in hypokalemia state. The hyperinsulinemic-euglycemic clamp is the gold standard for measuring whole-body insulin resistance (16), thus hyperinsulinemic-euglycemic clamp test is recommended to accurately evaluate the degree of insulin resistance in a hypokalaemia state, especially in patients with 17OHD.

The ACTH-mediated steroidogenesis results of 17OHD patients with elevated concentrations of DOC and corticosterone were obtained. High concentrations of DOC cause sodium retention, hypertension, and hypokalaemia, with suppression of aldosterone production. DOC may inhibit insulin secretion, DOC acetate-induced hypertension was associated with significantly lower levels of plasma insulin in nondiabetic rats (17). Long term glucocorticoid administration will lower the DOC production, but not normalize the DOC concentration(7).Thus, the effect of DOC on insulin secretion may be an important mechanism for hyperglycaemia in 17OHD patients.

Excessive DOC may impair the insulin signaling through oxidative stress and inflammatory mechanism, in DOC acetate(DOCA)+ salt hypertensive rats, oxidative and inflammatory transcriptions factors, such as NF-kB, AP-1, and JNK, which are implicated in insulin resistance are markedly elevated. Moreover, the levels of plasma adiponectin were significantly lower in DOCA+salt hypertensive rats than in controls (18). Unfortunately, DOC was not measuered in the patients in this study.

Sex hormones are important physiological regulators of glucose homeostasis and, of the enteroinsular axis. Oestrogens act on the pancreas to increase the secretion of insulin and glucagon-like peptide-1(GLP-1), and decrease the secretions of glucagon (19). Oestrogen loss during menopause in women is associated with insulin resistance and diabetes (20). Moreover, the lack of oestradiol reduces insulin secretion and increases hepatic insulin degradation (21). Oestrogen replacement therapy can prevent diet-induced ectopic lipid deposition and hepatic and muscle insulin resistance in animal model (22). In the Women’s Health initiative randomized trial, postmenopausal therapy with oestrogen alone may reduce the incidence of treated diabetes (23). In this study, we found that the proportion of patients receiving oestrogen therapy was higher in NGT group than that in the hyperglycaemia group but did not reach statistical significance (P=0.057), indicating that oestrogen may be useful in preventing the development of diabetes in 17OHD patients.

Some diseases or physiological states with elevated progesterone are associated with insulin resistance, such as polycystic ovary syndrome, pregnancy and the luteal phase of the menstrual cycle. Much evidence implicates that progesterone induces insulin resistance. Sex hormones are mostly accumulated and pooled in adipose tissues, the steroid content of adipose tissue is ~10 fold higher than that in the general circulation (24). Wada T et al. found that progesterone inhibits glucose uptake by affecting the PI3-kinase pathway steps of insulin signaling in 3T3-1 adipocytes (25). Otherwise, progesterone receptor was found in pancreatic cells, but uniformly expressed in up to 75% of α-cells in only 5% to 20% of β-cells, suggesting that α-cells might be a more significant target than β-cells (26). Results from this study showed that patients who developed hyperglycemia at 30 years old or over had high progesterone levels than those with normal glucose levels (P times 7.6(5.0-11.0) vs 3.75(2.2-5.3), P=0.008), indicating that a high progesterone level may be involved in the diabetes pathogenesis in patients with 17OHD.

Insulin resistance and hyperinsulinemia are also common in 21OHD patients, but the prevalence of hyperglycaemia is not higher in 21OHD patients than in the normal population (27). Both 17OHD and 21OHD patients require long-term glucocorticoid treatment, therefore long-term replacement therapy is not the primary mechanism for hyperglycemia.

Several limitations of this study should be considered. First, OGTT test was not a routine test for 17OHD inpatients, so only some patients underwent OGTT. Second, the lack of DOC measurements suggests that the role of insulin resistance in the development of hyperglycaemia among 17OHD patients remains uncertain. Third, the intensity of insulin resistance was not estimated due to the absence of the hyperinsulinemic-euglycemic clamp test. Fourth, this is a retrospective study with its inherit limitation.

In conclusion, we discovered that abnormal glucose metabolism was common in 17OHD patients, hypokalaemia was linked to insulin secretion, and high progesterone was associated with abnormal glucose metabolism in these patients. All of these findings indicate that hypokalaemia and high progesterone level may contribute to the development of abnormal glucose metabolism. However, further longitudinal investigation with a large sample size and more genetic and biochemical markers are warranted to confirm this causal relationship.
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