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Abstract

Background: The role of vitamin D and parathyroid hormone in the meta-
bolic profile of type 2 diabetes mellitus in sub-Saharan Africa has not been
adequately assessed. The aim of this study was to determine the prevalence of
low vitamin D level and secondary hyperparathyroidism and their association
with insulin sensitivity and S-cell secretory function among Congolese type 2
diabetics. Methodology: Fasting glycaemia, fasting insulin, 250H D3 and
human parathyroid hormone (hPTH) were measured in one hundred and
eighty-four type 2 diabetic patients followed as outpatients in South Kivu.
Levels of 250H D3 < 30 ng/ml and hPTH > 65 pg/ml defined low vitamin D
and elevated parathyroid hormone levels, respectively. The HOMA model
was used to measure insulin sensitivity and S-cell secretory function. Results:
Medians (IQR) were 25.3 (20.4 - 32.4) ng/ml for 250H D3 and 53.7 (38.4 -
115.7) pg/ml for hPTH. 58.7% of diabetics had insulin resistance, 126 (68.5%)
had low vitamin D and 80 (43.5%) had hyperparathyroidism. In multivari-
ate analysis, hPTH (partial r = —0.28; p = 0.0002) and 250H D3 (partial r =
0.16; p = 0.03) showed an independent association with insulin sensitivity
after adjustment for body mass index and waist circumference. Finally,
hPTH (partial r = 0.27; p = 0.0002) was the sole determinant of S-cell secre-
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tory function. Conclusions: This study confirms the high prevalence of low
vitamin D level and secondary hyperparathyroidism and their association
with insulin resistance and impaired islet S-cell secretory function among
Congolese with type 2 diabetes mellitus. Vitamin D and calcium supplemen-
tation should be envisaged for cases of deficiency in this region.

Keywords

Vitamin D, Parathyroid Hormone, Diabetes Mellitus, Insulin Resistance, South
Kivu

1. Introduction

Type 2 diabetes mellitus (T2DM) and vitamin D deficiency (VDD) are two ma-
jor global public health problems. On the one hand, T2DM prevalence, whose
major determinants are ageing and obesity, is growing very rapidly, with 537
million diabetics at present. It is estimated that there will be 643 million diabet-
ics by 2030 and 783 million by 2045 [1].

In addition, almost half of the world’s population has VDD [2]. Low vitamin
D level varies according to ethnicity, geographical location, exposure to sunlight,
age, obesity and certain cultural and dietary habits [3].

These two major global public health problems appear to be associated. In
fact, several studies show that low vitamin D level contributes to the pathogene-
sis of T2DM [4] [5]. In fact, there is a positive correlation between prohormone
cholecalciferol (25-hydroxyvitamin D or 250H D3) concentration and insulin
sensitivity, as well as impaired fS-cell secretory function associated with low vi-
tamin D level [6]. Secondary hyperparathyroidism is a physiological response to
low vitamin D and/or hypocalcaemia in phosphocalcic homeostasis. Thus, a
high prevalence of low vitamin D level drives an equally high prevalence of sec-
ondary hyperparathyroidism. Hyperparathyroidism also contributes to insulin
resistance, promoting incident T2DM by pathophysiological mechanisms com-
plementary to those of low vitamin D level [7] [8].

Sub-Saharan Africa, despite its tropical location and high level of sunshine,
shows a prevalence of VDD almost the same as Europe [9]. Also in this region,
the common form obesity-related insulin-resistant T2DM is increasing rapidly
and gradually replacing the lean atypical form of the disease, marked by hyper-
insulinaemia followed by early insulinopenia with or without insulin resistance
[10]. This epidemiological shift is driven by adoption of unhealthy lifestyles by the
general population, particularly in urban areas [11]. Yet, very few studies have in-
vestigated the possible contribution of VDD to the phenotypic shift of T2DM in
this region. Karau P.B. ef a/ showed a high prevalence VDD among 60.3% of Af-
rican diabetic patients in Kenya [12]. Also in Kenya, Said | et al did not find asso-
ciations between insulin sensitivity, Fcell secretion and vitamin D in diabetic pa-

tients [13]. He X et al, in China, showed that low vitamin D levels were signifi-
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cantly associated with episodes of ketoacidosis in patients with atypical DM [14].
In the Democratic Republic of Congo (DRC), the prevalence of VDD and sec-
ondary hyperparathyroidism among diabetic patients and their association with
T2DM phenotype have not yet been studied to our knowledge.
The aim of this study was to determine the prevalence of low vitamin D level
among adult Congolese patients with T2DM and to assess the association be-
tween vitamin D and parathyroid hormone levels, on the one hand, and insulin

sensitivity and S-cell secretory function, on the other hand.

2. Methods
2.1. Patients

The methodology of this study was partly described in a previous manuscript
[15]. This cross-sectional, multicentre study took place in the city of Bukavu
(urban area) at the Panzi general referral hospital, the University Clinics of Bu-
kavu and the Saint Luc Clinic of Bukavu, as well as in the rural area of Kaziba, 45
km south of Bukavu, at Kaziba general referral hospital. Between 1 July 2023 and
30 September 2023, T2DM patients, all of Bantu origin, were recruited as they
attended one of the above hospitals for an outpatient medical visit. Given a
prevalence of DM in the region of 5% [16] and a precision of 4%, a minimum
sample size was estimated at 114.

Informed verbal consent to participate in the study was obtained from each pa-
tient. The data were collected anonymously and confidentially. Patient privacy and
confidentiality and human material were ensured as per the Helsinki Declaration.

Non-diabetic patients, diabetic patients on insulin therapy and/or with
stage > 3 chronic kidney disease (CKD) and/or those with insulin sensitivity
between 50 and 99%) were excluded from the study, as were patients with pri-
mary hyperparathyroidism or non-vitamin D-related secondary hyperparathy-
roidism (Figure 1).

The study protocol was approved by the Ethics Committee of the Official
University of Bukavu (UOB/CEM/013/2023).

2.2. Data Collection

Each patient was seen in consultation by a doctor from the investigation team.
During the consultation, demographic parameters (age, sex), physical parame-
ters (blood pressure, weight, height, waist circumference (WC) at the umbilicus
at the end of expiration using a tape measure) and the medical history of DM
(duration, treatment) were obtained. These physical parameters were measured
in accordance with the recommendations of scientific societies. Body mass index
(BMI) was calculated as the ratio of weight (in kilograms) to the square of height
(in meter).

Each patient was subsequently sent to the laboratory for a morning fasting
blood sample, with the following tests carried out: fasting glycaemia, serum

creatinemia, albuminemia, total cholesterol, high-density lipoprotein cholesterol
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266 patients included
Excluded
6 biologically non diabetic
patients
260 diabetic patients
Excluded

46 Patients on insulin therapy and/or
with CKD stage >3
30 patients with %S between 50-99

184 diabetic patients

studied
Diabetics with insulin resistance Diabetics without insulin resistance
(%S<50%) (%S>100%)
76

Figure 1. Eligible participants.

(HDL-C) and triglycerides were measured using UV visible spectrophotometry.
Low-density lipoprotein cholesterol (LDL-C) was calculated using Friedewald’s
formula. To do this, we used the Bio Systems BTS-350® spectrophotometer.

Glycated haemoglobin (HbAlc) and serum ionogram were measured on spe-
cific automated instruments Genrui PA54® and Genrui GE300® respectively.

With the Product Elisa Plate Analyser®, fasting insulin levels (Ins), 250H D3
and human parathyroid hormone (hPTH) were measured using an immuno-
chemical method.

The HOMA model, presented as a software program based on fasting glu-
cose/insulin regulatory loop, was used to measure insulin sensitivity (HOMA §,
expressed as % of normal (100%)) and f-cell secretory function (HOMA J, also

expressed as % of normal (100%)).

2.3. Operational Definitions

DM was defined as fasting glycaemia > 126 mg/dl on several occasions and/or
HbAlc > 6.5% and/or chronic use of a glucose-lowering drug [17].

A BMI > 30 kg/m* defined obesity [18]. A waist circumference = 80 cm in
women and 294 cm in men defined central obesity [19].

Low vitamin D was considered to be present when 250H D3 was <30 ng/ml
[20].

Hyperparathyroidism was considered when the hPHT value was >65 pg/ml
(laboratory reference).

Hypocalcaemia was defined as less than 2.2 mmol/L (laboratory reference).

In the present study, insulin resistance was considered when Homa-S < 50%.
Diabetes with normal insulin sensitivity was defined as Homa-S values > 100%
[21].
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2.4. Statistical Analysis

The distribution of the variables was tested for normality using the Kolmo-
gorov-Smirnov test. Thus, the data are presented, as appropriate, by the median
(interquartile range) or the relative frequency in percent. The Chi-square test
was used to compare categorical variables.

The non-parametric Kruskal-Wallis test was used to compare several medians.

The association between insulin sensibility and S-cell secretory function re-
spectively according to the alleged risk factors was modelled with multiple linear
regressions.

A p-value < 0.05 was considered statistically significant.

MedCalc® version 18.11 software was used for all statistical analyses.

3. Results
3.1. General Characteristics of the Study Population

Table 1 and Figure 1 show the general characteristics of the patients studied. A
total of 184 type 2 diabetics were included in the study, 108 (58.7%) of whom
were insulin-resistant and 76 (41.3%) without insulin resistance (p = 0.01*). In
the whole group, median age was 63.0 (54.2 - 71.0) years, 46.2% of patients were
male, and median known T2DM duration was 3.0 (0.0 - 7.0) years.

In both groups, there were no significant (p > 0.05) differences as regards du-
ration of diabetes, age, male sex, systolic blood pressure (SBP), diastolic blood
pressure (DBP), routine lipids, estimated glomerular filtration rate (GFR) and
metabolic control of DM as reflected by current HbAlc.

Compared with diabetics without insulin resistance, insulin-resistant diabetics
had a significantly higher median BMI [27.2 (23.3 - 31.2) Kg/m? vs. 22.6 (19.4 -
28.5) Kg/m? p = 0.0001*] and WC [94.0 (83.2 - 103.0) cm vs. 83.0 (74.0 - 97.9)
cm; p = 0.0002%] and hence a significantly higher incidence of obesity (35.5% vs.
20.3%; p = 0.02%) and central obesity (66.4% vs. 46.7%; p = 0.008*).

3.2. Prevalence of Low Vitamin D Level and Hyperparathyroidism

In the whole group, the median 250H D3 was 25.3 (20.4 - 32.4) ng/ml, con-
firming widespread among this sampled population of T2DM patients from
South Kivu (Table 1). Median 250H D3 was significantly lower (about —15%)
among insulin-resistant diabetics than in diabetics without insulin resistance
[23.8 (19.3 - 31.2) ng/ml vs. 28.1 (22.6 - 39.5) ng/ml; p = 0.002%], whereas the
prevalence of low vitamin D level was 68.5%, with no significant difference be-
tween the two groups (73.1% vs. 61.8%; p = 0.10) (Table 1).

The prevalence of biological hyperparathyroidism was 43.5%, significantly
higher in insulin-resistant diabetics than in diabetics without insulin resistance
(60.2% vs. 19.7%; p < 0.0001%) (Table 1).

Figure 2 shows that median 250H D3 decreased significantly with hPTH ter-
tiles, from 27.6 (22.1 - 39.1) pg/ml to 23.8 (18.0 - 31.2) pg/ml (p = 0.04*). Finally,
Hb Alc was similar between patients with VDD and those without VDD: 7.1
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Table 1. General characteristics of the patients studied.

All diabetics Diabetics with IR Diabetics without IR P
Number, n (%) 184 (100.0) 108 (58.7) 76 (41.3) 0.01*
Male sex, n (%) 85 (46.2) 49 (45.4) 36 (47.4) 0.78
Median (IQR)
DM duration (years) 3.0 (0.0 -7.0) 2.0 (0.0 - 6.0) 4.0 (0.0 - 8.0) 0.08
Age (years) 63.0 (54.2 - 71.0) 62.0 (54.5 - 70.0) 64.0 (54.2 - 73.0) 0.53
SBP (mmHg) 133.5 (123.0 - 151.0) 134.0 (123.2 - 147.0) 133.0 (120.0 - 159.0) 0.63
DBP (mmHg) 82.0 (74.0 - 92.0) 81.0 (73.2 - 90.0) 84.0 (76.0 - 96.0) 0.10
BMI (Kg/m?) 25.8 (21.4 - 30.8) 27.2(23.3 - 31.2) 22.6 (19.4 - 28.5) 0.0001*
WC (cm) 91.2 (78.0 - 101.0) 94.0 (83.2 - 103.0) 83.0 (74.0 - 97.9) 0.0002*
TC (mg/dl) 208.4 (162.1 - 208.4) 196.9 (162.1 - 208.4) 208.4 (162.1 - 208.4) 0.70
HDL-C (mg/dl) 73.3 (50.1 - 81.0) 73.3 (51.2 - 81.0) 73.3 (48.2 - 84.9) 0.87
LDL-C (mg/dl) 110.3 (93.0 - 158.3) 108.1 (96.0 - 158.3) 114.9 (92.6 - 150.5) 0.95
TG (mg/dl) 141.5 (104.3 - 212.3) 141.5 (106.1 - 203.5) 146.0 (97.3 - 212.3) 0.52
Creatinemia (mg/dl) 1.2 (0.9 - 1.4) 1.2 (0.9 - 1.4) 1.1 (0.9-1.4) 0.19
FGR (ml/min/1.73m?) 53.0 (43.0 - 72.5) 52.0 (42.5 - 72.0) 53.0 (44.5 - 74.5) 0.51
Glycaemia (mg/dl) 130.0 (114.5 - 202.0) 139.5 (117.5 - 243.0) 124.0 (111.5 - 159.0) 0.01*
Hb Alc (%) 7.2 (5.8 -9.7) 7.1 (5.7 - 9.8) 7.5 (5.8 - 9.6) 0.95
Ins (wU/ml) 15.9 (5.2 - 27.9) 24.8 (18.6 - 36.0) 5.1 (2.8 - 5.7) <0.0001*
%B (%) 53.1(30.3-113.7) 97.8 (43.7 - 148.5) 35.1(17.9 - 47.3) <0.0001*
%S (%) 36.6 (20.7 - 129.1) 23.3(13.7 - 32.1) 134.9 (119.7 - 183.5) <0.0001*
250H D3 (ng/ml) 25.3 (20.4 - 32.4) 23.8 (19.3 - 31.2) 28.1 (22.6 - 39.5) 0.002*
hPTH (pg/ml) 53.7 (38.4 - 115.7) 75.6 (45.0 - 121.0) 40.1 (33.8 - 61.5) <0.0001*
Total calcemia (mmol/L) 2.3(2.2-24) 2.3(2.2-2.4) 2.3(2.1-2.5) 0.58
Frequency, n (%)
250H D3 < 30 ng/ml 126 (68.5) 79 (73.1) 47 (61.8) 0.10
hPTH > 65 pg/ml 80 (43.5) 65 (60.2) 15 (19.7) <0.0001*
Total calcemia < 2.20 mmol/L 43 (23.4) 22 (20.4) 21 (27.6) 0.25
Obesity 53 (29.3) 38 (35.5) 15 (20.3) 0.02*
Waist obesity 106 (58.2) 71 (66.4) 35 (46.7) 0.008*

IR: Insulin resistance, IQR: interquartile range, DM: Diabetes mellitus, SBP: Systolic blood pressure, DBP: Diastolic blood pres-
sure, BMI: Body mass index, WC: Waist circumference, TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol,
LDL-C: Low density lipoprotein cholesterol, TG: triglyceride, FGR: Filtration glomerular rate, Hb Alc: Glycated haemoglobin, Ins:
Insulin, %/ islet S-cell secretory function, %S: insulin sensitivity, 250H D3: 25-hydroxyvitamin D3, hPTH: Human parathyroid
hormone.
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Figure 2. Relationship between 250H D3 and hPTH.

(5.7-9.7) % vs. 7.4 (6.3 - 9.9) % (p = 0.33).

3.3. Vitamin D and Parathyroid Hormone in the Prediction of
Insulin Sensitivity

Table 2, Table 3 and Figure 3 show the results of univariate and multivariate
linear regressions of insulin sensitivity and S-cell secretory function by respec-
tive risk factors.

In univariate analysis (Table 2), the following parameters were significantly
associated with insulin sensitivity: hPTH (r = 0.33; p < 0.0001*), BMI (r = 0.26; p
=0.0003%), WC (r = 0.24; p = 0.0004*) and 250H D3 level (r = 0.17; p = 0.01%*).

In multivariate analysis (Table 3), the sole independent predictors of insulin
sensitivity were hPTH (partial r = —0.28; p = 0.0002*) and 250H D3 (partial r =
0.16; p = 0.03*).

3.4. Vitamin D and Parathyroid Hormone in the Prediction of
P-Cell Secretory Function

In univariate analysis (Table 2 and Figure 3), the following parameters were as-
sociated with S-cell secretory function: hPTH (r = 0.28; p = 0.0001*), BMI (r =
0.14; p = 0.04*) and WC (r = 0.14; p = 0.04*). The association between 250H D3
and p-cell secretory function was not significant (r = 0.10; p = 0.12).

In multivariate analysis (Table 3), only hPTH (partial r = 0.27; p = 0.0002%)

showed an independent effect on S-cell secretory function.

4. Discussion

To our knowledge, the present study is the first to have analysed the association
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Table 2. Univariate linear regression analysis of insulin sensibility (%S) and islet S-cell
secretory function (%p) respectively according to the alleged risk factors.

B coefficient Standard error  r p
Insulin sensitivity (%S)
Age (years) 0.57 0.41 0.10 0.16
Male sex 2.02 9.59 0.001 0.82
BMI (Kg/m?) -2.78 0.75 0.26 0.0003*
WC (cm) -1.12 0.31 0.24 0.0004*
250H D3 (ng/ml) 0.86 0.35 0.17 0.01*
hPTH (pg/ml) -0.46 0.09 0.33  <0.0001*
Calcemia (mmol/L) 49.2 19.8 0.17 0.01*

Islet S-cell secretory function (%p)

Age (years) -0.14 0.36 0.02 0.68
Male sex 1.38 8.49 0.01 0.87
BMI (Kg/m?) 1.40 0.68 0.14 0.04*
WC (cm) 0.57 0.28 0.14 0.04*
250H D3 (ng/ml) -0.48 0.31 0.10 0.12
hPTH (pg/ml) 0.35 0.08 0.28 0.0001*
Total calcemia (mmol/L) -13.2 17.8 0.45

BMI: Body mass index, WC: Waist circumference, 250H D3: 25-hydroxyvitamin D3,
hPTH: Human parathyroid hormone.

Table 3. Multivariate linear regression analysis of insulin sensibility (%S) and islet S-cell
secretory function (%p) respectively according to the alleged risk factors.

B coefficient  Standard error  Partial r P
Insulin sensitivity (%S)
hPTH -0.36 0.09 -0.28 0.0002*
250H D3 0.71 0.33 0.16 0.03*
Calcemia 32.7 18.5 0.13 0.07
BMC -1.70 1.05 -0.12 0.10
wC -0.34 0.43 -0.05 0.43

Islet S-cell secretory function (%p)

hPTH (pg/ml) 0.33 0.08 0.27 0.0002*
BMI (Kg/m?) 0.79 0.98 0.06 0.42
WC (cm) 0.14 0.40 0.02 0.72

BMI: Body mass index, WC: Waist circumference, 250H D3: 25-hydroxyvitamin D3,
hPTH: Human parathyroid hormone.
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between vitamin D, parathyroid hormone and the metabolic phenotype of
T2DM in the South Kivu Province of the DRC.

Our results highlight three main findings. Firstly, the prevalence of low vita-
min D level was high among diabetic patients in South Kivu (68.5%). These re-
sults corroborate those of the literature, which reports a high frequency of low
vitamin D level across sub-Saharan Africa, despite high levels of sunshine all
year round [9]. These results are similar to those of Karau P.B. et al. who found a
prevalence of low vitamin D level of 60.3% in T2DM patients from Kenya [12].
However, the prevalences of low vitamin D level in South Kivu and Kenya men-
tioned above are still much lower than those found in Morocco (98.1%) [22],
Iraq (89.0%) [23], Korea (85.9%) [24], Italy (75.4%) [25] and the USA (75.0%),
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Figure 3. Scatter diagram correlation. (a) Linear regression analysis of insulin sensibility
(%S) according to hPTH; (b) Linear regression analysis of islet S-cell secretory function
(%) according to hPTH; (c) Linear regression analysis of insulin sensibility (%S) ac-
cording to 250H D3; (d) Linear regression analysis of islet S-cell secretory function (%B)
according 250H D3.

respectively [26].

Secondary hyperparathyroidism is a normal physiological response to low vi-
tamin D level. As expected, a negative correlation was found between vitamin D
and parathyroid hormone, and 43.5% of diabetic patients of the present study
presented with hyperparathyroidism. Secondary hyperparathyroidism is a nor-
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mal physiological response to low vitamin D level.

Bellan M et al, in Italy, found a prevalence of secondary hyperparathyroidism
of 50.8% among T2DM, 95.0% of whom had low vitamin D level [27]. These re-
sults corroborate our own.

Secondly, this study showed that low vitamin D level and hyperparathyroid-
ism were independent predictors of insulin resistance after adjustment for body
mass index and waist circumference. These results corroborate those reported in
the literature. Low vitamin D level and primary or secondary hyperparathyroid-
ism independently reduce insulin sensitivity by different pathophysiological
mechanisms. Low vitamin D level reduces insulin receptor expression and glu-
cose uptake by glucose transporter type 4 (GLUT-4) [28]. In contrast, reduced
expressions of insulin receptor substrate 1 (IRS-1) and GLUT4 may underlie the
association between elevated PTH levels and insulin resistance [29].

In the present study, body mass index and waist circumference did not show
an independent effect on insulin resistance after adjustment for vitamin D and
hPTH. This suggests that a substantial component of obesity-induced insulin re-
sistance may be related to low vitamin D level and secondary hyperparathyroid-
ism. Obesity may also drive low vitamin D level, as a result of accumulation of
this fat-soluble hormone in adipose tissue [30]. In addition, low vitamin D level
could promote low-grade inflammation [31], which is another driver of insulin
resistance in obese subjects.

A third finding of this study was the positive correlation between hPTH level
and S-cell secretory function. These results corroborate those of Ljunghall et al
who showed elevated insulin secretion thought to be linked to hyperglycaemia in
patients with primary hyperparathyroidism prior to parathyroidectomy, This
higher secretory capacity decreased significantly post-operatively [8]. The corre-
lation between vitamin D and p-cell secretory function was not significant (p =
0.10). However, vitamin D may play a role in islet S-cell function via secondary
hyperparathyroidism. But in this study, the clinical relevance of such a link is
poor as HbAlc was not different between VDD patients and those without
VDD.

Finally, these results suggest systematic screening for VDD in Congolese dia-
betic patients and supplementation with vitamin D and calcium in cases of defi-
ciency. Indeed, several studies have shown an improvement in insulin sensitivity
and secretion in diabetic patients supplemented with vitamin D in cases of defi-
ciency [4] [32].

VDD varies according to ethnicity, geographical location, exposure to sunlight,
age, obesity and certain cultural and dietary habits [3]. However, it was not the
aim of this study to identify risk factors for VDD, and data must be interpreted
in light of its limitations. Firstly, the methodology and transversal design does
not allow a causal link to be established between low vitamin D level, hyper-
parathyroidism, insulin sensitivity and S-cell secretory function. In addition, the

relatively small sample size certainly decreased the statistical power in this study,
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which may probably explain the lack of a significant association between obe-
sity/insulin resistance and vitamin D/f-cell secretory function, respectively. Fi-
nally, the effects on these same endpoints of vitamin D supplementation in pa-
tients with VDD should be the subject of dedicated studies. In addition, prospec-

tive studies with a very large sample would provide more valid results.

5. Conclusion

The present study found a high prevalence of low vitamin D level and secondary
hyperparathyroidism among type 2 diabetic patients of South Kivu in the East-
ern Democratic Republic of Congo. Vitamin D and parathyroid hormone levels
were independently linked to insulin resistance, while parathyroid hormone was
the sole determinant associated with S-cell secretory function. Vitamin D and
calcium supplementation through suitable diet and medication could be envis-

aged, as elsewhere, for vitamin-deficient patients in this region.
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