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Abstract 46 

Introduction: There has been a significant increase in vitamin D [25(OH)D] testing 47 

worldwide in recent years.  However, interpretation is confounded by the lack of data to 48 

determine appropriate cut-off levels to define Vitamin D deficiency, insufficiency and 49 

sufficiency in the South African population. 50 

Aims: To describe the number of tests, concentrations for 25(OH)D and 1,25(OH)2D in 51 

adults (≥ 18 years), characteristics of those tested and to determine the 25(OH)D 52 

concentration at which parathyroid hormone increases (PTH threshold). 53 

Methods: Data was extracted for 25(OH)D and 1,25(OH)2D tests, from the National Health 54 

Laboratory Services data warehouse for Charlotte Maxeke Johannesburg Academic Hospital 55 

from 2015 to 2017. Results were categorized by age, sex and race. Vitamin D status was 56 

described using National Academy of Medicine guidelines. The PTH threshold was 57 

determined by LOWESS plots. 58 

Results:  25(OH)D and 1,25(OH)2D tests increased, with no change in median concentrations 59 

over time. Black Africans (6.7%) had the highest prevalence of VDD. Males had significantly 60 

lower 25(OH)D values (p <0.001) and a higher proportion of VDD (p =0.009). Younger 61 

patients (<30 years; 7.9%) and elderly (>74 years; 10.5%) Black Africans had highest 62 

prevalence of VDD. The PTH threshold differed by race group. 63 

Conclusions: Clear testing guidelines are needed to curb test overutilization. Further work is 64 

required to understand the appropriate cut-off levels to define VDD in the populations.  65 

 66 
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Introduction 195 

There has been increasing interest in the medical community on the role of vitamin D 196 

[25(OH)D] in bone and cardiovascular health, cancers, autoimmune diseases, diabetes mellitus 197 

as well as infectious diseases such as tuberculosis.1, 2 The possible 25(OH)D health benefits 198 

with regards to these diseases may explain the marked increase in 25(OH)D analysis noted in 199 

laboratories worldwide over the last decade.3, 4  200 

 201 

The cut-off values used to define vitamin D deficiency (VDD), insufficiency and sufficiency 202 

remain controversial. Currently there are two main diagnostic guidelines issued by the United 203 

States Endocrine Society and the National Academy of Medicine (NAM), formerly known as 204 

the Institute of Medicine (IOM).1, 5, 6 The latter guidelines use the following cut-offs to define 205 

vitamin D deficiency, insufficiency and sufficiency: < 30nmol/L, 30-50nmol/L and > 206 

50nmol/L1, 5, respectively. These are different to the cut-off levels as defined by the United 207 

States Endocrine Society.1, 6 Using the NAM cut-offs, a recent systematic review and meta-208 

analysis of VDD in Africa, noted that one in five people have a 25(OH)D level < 30nmol/L 209 

despite yearlong sunlight exposure.7 The overall pooled prevalence was reported as 18.46% 210 

(95% CI 10.66 – 27.78), with South Africa and northern African countries reported to have the 211 

lowest vitamin D levels.7  212 

 213 

The parathyroid hormone (PTH) threshold, a plateau point for 25(OH)D below which there is 214 

a rise in PTH (secondary hyperparathyroidism), has been considered an indication of VDD.8 215 

There is limited data on the appropriate cut-off levels to use in Africans. A systematic literature 216 

review in 2006 of studies analysing the association between PTH and 25(OH)D levels, revealed 217 

a putative threshold between 25 to 122 nmol/L8, while a study carried out in African American 218 

and White women showed different cut-offs for both races with a threshold of 37 nmol/L in 219 
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Black women and 59 nmol/L in White women.8 This threshold appears to be dependent on 220 

race, age, body composition, renal function and geographical location. 5, 8  221 

 222 

Currently, 25(OH)D (comprising D2 and D3) is used to assess vitamin D related disorders and 223 

the body’s vitamin D stores.1, 6 Analysis of 1,25(OH)2D is only required in limited 224 

circumstances, which include vitamin D-dependent rickets type 1, autosomal-dominant 225 

hypophosphataemic rickets and X-linked hypophosphataemic rickets (mutations that result in 226 

elevated levels of FGF-23).6 The monitoring of 1,25(OH)2D in patients with chronic kidney 227 

disease (CKD) is not currently advocated by the 2017 Kidney Disease Improving Global 228 

Outcomes (KDIGO) guidelines on bone mineral disorders.9, 10 The testing of 25(OH)D is costly 229 

and the current consensus among experts, is that testing should only be performed on those at 230 

increased risk for VDD.3, 6, 11  231 

 232 

The objectives of the current study were to (i) describe test numbers for both 25(OH)D and 233 

1,25(OH)2D from our laboratory over a three-year period, (ii) to describe the vitamin D profiles 234 

for 25(OH)D according to NAM guidelines by age, sex and race, (iii) to determine the PTH 235 

threshold for VDD by race for those with normal renal status and (iv) to assess the percentage 236 

of 25(OH)D and 1,25(OH)2D requests in patients with CKD. 237 

 238 

 239 

 240 

 241 

 242 
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Methods 243 

Study design and setting 244 

This was a retrospective study using laboratory data extracted from the corporate data 245 

warehouse (CDW) of the National Health Laboratory Services (NHLS) for the period 1 January 246 

2015 to 31 December 2017. The extracted data included all total 25(OH)D, 25(OH)D2, 247 

25(OH)D3 and 1,25(OH)2D results carried out in the NHLS, Department of Chemical 248 

Pathology laboratory based at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH). 249 

This laboratory received vitamin D requests from across the South African public sector. This 250 

study was approved by the Ethics Committee of the University of Witwatersrand (M180808). 251 

 252 

Study population selection 253 

The sample population included adults (≥ 18 years), who had either 25(OH)D and/ or 254 

1,25(OH)2D tests done during the study period. Additionally, the accompanying results (total 255 

serum calcium, inorganic phosphate, creatinine, estimated glomerular filtration rate (eGFR), 256 

alkaline phosphatase (ALP) and PTH) taken within a week of the vitamin D result were 257 

included to obtain a complete profile. 258 

 259 

Race was categorised into five groups: White, Black African, Indian, mixed ancestry and 260 

unknown. The ‘unknown’ category was used when race could not be assigned and is described 261 

in the supplementary material.  The 25(OH)D results were separated into 25(OH)D2 and 262 

25(OH)D3 by race and subdivided by sex. The population was categorised according to the 263 

NAM’s criteria.1, 5  264 

 265 

  266 
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To determine test numbers, samples from patients < 18 years and quality assurance (QA) 267 

were excluded.  Repeat tests, whether 25(OH)D or 1,25(OH)2D, done from the same patient 268 

during the study period, were identified by ways of a unique patient identifier. The unique 269 

patient identifier, implemented at the CDW, uses a probabilistic matching record linkage 270 

algorithm. The number of samples over the three-year period was reported after which repeat 271 

tests were excluded from the detailed descriptive analysis to determine the distribution of 272 

25(OH)D concentrations, patient characteristics and season of testing.  273 

 274 

Laboratory methods 275 

25(OH)D was measured by high-performance liquid chromatography (Shimadzu Corporation, 276 

Long Beach, CA, USA) with separation into 25(OH)D2 and 25(OH)D3 and 1,25(OH)2D was 277 

measured by competitive radioimmunoassay (Immunodiagnostics Systems Holdings PLC, 278 

Tyne & Wear, UK). The other methods used were immunoassay (PTH), colorimetric (serum 279 

total calcium, serum inorganic phosphate, ALP) and enzymatic (creatinine) assays performed 280 

on the Roche Cobas 8100 (Roche Diagnostics Ltd, Mannheim, Germany). The eGFR was 281 

calculated using the Modification of Diet in Renal Disease (MDRD) formula.12 CKD was 282 

defined as a consistent eGFR < 60ml/min/1.732 for more than three consecutive months. 283 

 284 

Statistical analysis 285 

Data analysis was done using Statistical Analysis Software (SAS) 9.4 (Cary, NC, USA) and 286 

Microsoft Excel 2016 (Redmond, CA, USA). The mean with standard deviation (SD) was 287 

reported for normally distributed data and the median with interquartile ranges for skewed data. 288 

Descriptive data analysis was used to describe the 25(OH)D profiles. ANOVA analysis was 289 

used to compare continuous parametric data by race, Kruskal Wallis for non-parametric 290 
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continuous data and chi squared test for categorical data, with statistical significance set at p 291 

<0.05. 292 

 293 

As race group was specified for very few patients, we used the hot deck imputation algorithm 294 

to impute missing values using well populated cancer registry data with patient-reported race 295 

group data.13 The National Cancer Registry (NCR) data was used to construct the imputation 296 

reference panel (approximately 1.2 million values).14 Locally weighted scatter plot smoothing 297 

(LOWESS) was used to determine the relationship between 25(OH)D and PTH across race 298 

groups in patients with normal renal status. 299 
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Results 300 

Over the three-year period, 15 407 tests were identified of which 3283 were excluded, giving 301 

a final number of 12 124 tests. After exclusion of repeat testing, a cohort of 10 008 patients 302 

were used for the descriptive data analysis as shown in Figure 1. The 25(OH)D and 1,25(OH)2D 303 

tests comprised 7 383 and 2 600 patients respectively, with 25 patients having both tests.  304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

Figure 1: Study population selection. Exclusion criteria applied to reach the final 25(OH)D 321 

and 1,25(OH)2D results used for data analysis.322 
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An increase in test numbers across the three-year period was noted as indicated in Figure 2A. The 25(OH)D test volumes increased from 1982 in 323 

2015 to 2786 in 2017. This was a 53% and 18% increase between 2015-16 and 2016-17, respectively. The increase in 1,25(OH)2D test volumes 324 

shown, represented a 22% and 13% increase between 2015-16 and 2016-17, respectively. There was no significant change in median 25(OH)D 325 

and 1,25(OH)2D levels over this time period. The greatest increases in testing were seen in Black African males and females (Figure 2B). This 326 

represented a 75.70% increase in testing of Black African males and an 88.10% increase in Black African females over the three-year period. The 327 

majority of tests were requested from the Gauteng (73.10%), KwaZulu-Natal (10.70%) and the Eastern Cape (6.30%) provinces (data not shown). 328 

 329 

  330 

 331 

 332 

 333 

 334 

   335 

 336 

Figure 2A: Volume trends for 25(OH)D and 1,25(OH)2D.    Figure 2B: Test percentages per race and sex for 25(OH)D.337 
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Within the total cohort, 3 884 (45.40%) were Black African, 2 387 (27.90%) White, 875 (10.20%) Indian, 765 (8.90%) mix ancestry and 638 338 

(7.60%) of unknown ethnicity (see Supplementary Table I). Overall, Black Africans were significantly younger than all other racial groups (p 339 

<0.0001, 50.65 ±16.88 years). Black Africans had the lowest levels of 25(OH)D (69.00 (47.20-95.20) nmol/L), which was significantly lower 340 

when compared to the other racial groups (p <0.0001). Additionally, Black Africans also had the lowest D2 levels (7.00 (7.00-34.41) nmol/L) 341 

(Table I).  342 

Table I: Overall descriptive characteristics of study population. 343 

Race  White Black African Indian Mixed Ancestry 

N (%) 2387 (27.90) 3884 (45.40) 875 (10.20) 765 (8.90) 

Sex Female Male Female Male Female Male Female Male 

N (%) 

1778 
(22.40) 609 (7.60) 2782 (35.10) 1102 (13.90) 698 (8.80) 177 (2.20) 573 (7.20) 192 (2.80) 

Age (years) 58.08 ± 16.89 50.65 ± 16.881 56.26 ± 15.462 55.37 ± 16.513 

Total 25(OH)D 

(nmol/L) 83.80 (59.20-112.00) 69.00 (47.20-95.20)4 69.20 (48.50-103.00) 79.50 (54.90-109.00) 

D2 (nmol/L) 11.70 (7.00-57.35) 7.00 (7.00-34.41)4 20.50 (7.00-65.20) 11.95 (7.00-57.10) 

D3 (nmol/L) 46.80 (27.30-72.20) 42.60 (26.70-64.00) 33.90 (20.95-51.45) 44.15 (27.35-66.30) 

1,25(OH)2D 

(pmol/L) 134 (91-181) 133 (66-194) 125 (87-166) 137 (89-193)  

25(OH)D = hydroxyvitamin D, D2 = ergocalciferol, D3 = cholecalciferol, 1,25(OH)2D = di-hydroxyvitamin D, data expressed as median and interquartile ranges except age, which is expressed  344 

as mean ± SD. 
1

p <0.0001 vs all other race groups, 
2

p <0.05 vs mix ancestry and white, 
3

p <0.05 vs. white, 
4

p <0.0001 across all other racial groups345 
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In the total cohort by race and sex, the majority of patients were females (73.50%). The male 346 

mean age was lower as compared to females for all racial groups (p <0.001). Black African 347 

and mix ancestry males were younger than White and Indians (46.90±15.70 and 50.90±16.80 348 

vs. 56.20±17.00 and 53.20±15.90 years) males, respectively (Table II). 349 

  350 

The total 25(OH)D levels for males across all racial groups were found to be lower than females 351 

(p <0.05), with the lowest values in Indian (63.70 (44.10-86.10) nmol/L) followed by Black 352 

African (69.90 (48.40-96.80) nmol/L). Females had higher 25(OH)D2 levels when compared 353 

to males across all racial groups (p <0.0001), and males had higher 25(OH)D3 compared to 354 

females across all racial groups (p <0.0005) as seen in Table II. 355 

 356 

Analysis of 1,25(OH)2D levels showed that median concentrations were all within the 357 

laboratory defined reference range of 43-168 pmol/L, with no statistically significant 358 

differences between racial groups. Black African males had the highest median PTH (11.2 359 

pmol/L). Additionally, Black African females and males had the highest proportion (40.00% 360 

and 23.10%) of CKD as compared to other racial groups (Table II). 361 

 362 
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Table II: Descriptive characteristics of study population by race and sex 363 

F = female, M = male, 25(OH)D = hydroxyvitamin D, D2 = ergocalciferol, D3 = cholecalciferol, 1,25(OH)2D = di-hydroxyvitamin D, PTH 364 

= parathyroid hormone, ALP = Alkaline Phosphatase, - = no tests in this category, data expressed as median and interquartile ranges except age, which is expressed as mean ± SD. 
1

p <0.0001 vs females across race, 
2

p 365 

<0.05 vs females across race, 3 p <0.0005 vs females across race 366 

 367 

The majority of 25(OH)D results were categorised as sufficient (Table III, Figure 3), with the highest proportion of sufficiency in White (83.70%) 368 

and mix ancestry (80.10%) patients.  The overall prevalence of VDD was 5.50%, with proportionately more Black Africans and Indians deficient 369 

(6.70% and 6.60%) and insufficient (20.40% and 18.30%) (p <0.001). Vitamin D insufficient and deficient patients were younger than those that370 

Race N (%) White 2387 (27.90) Black African 3884 (45.40) Indian 875 (10.20) Mixed Ancestry 765 (8.90) 

Sex N (%) 
F 

1778 (22.40) 

M 

609 (7.60) 

F 

2782 (35.10) 

M 

1102 (13.90) 

F 

698 (8.80) 

M 

177 (2.20) 

F 

573 (7.20) 

M 

192 (2.80) 

Age (years) 60.20 ±16.60 56.20±17.001 52.80±16.90 46.90±15.701 58.70±14.90 53.20±15.901 57.20±16.30 50.90±16.801 

Total 25(OH)D 

(nmol/L) 

89.20 

(62.90-123.50) 

79.001 

(57.30-100.40) 

73.50 

(50.50-101.50) 

69.902 

(48.40-96.80) 

85.60 

(56.80-118.70) 

63.701 

(44.10-86.10) 

85.30 

(58.70-121.50) 

78.701 

(52.50-107.45) 

D2 

(nmol/L) 
26.80 

(7.00-84.60) 
7.001 

(7.00-25.40) 
15.00 

(7.00-52.60) 
7.001 

(7.00-26.40) 
42.10 

(7.00-95.40) 
7.001 

(7.00-31.80) 
25.10 

(7.00-87.00) 
7.001 

(7.00-34.80) 

D3 

(nmol/L) 

39.60 

(23.60-65.60) 

56.703 

(31.20-77.80) 

39.10 

(23.90-60.60) 

48.203 

(30.30-69.70) 

29.00 

(17.30-46.40) 

37.503 

(22.80-56.40) 

38.90 

(24.60-61.90) 

48.903 

(30.50-73.40) 

1,25(OH)2D 

(pmol/L) 
128 

(67-154) 
113 

(56-192) 
141 

(54-182) 
81.0 

(27-134) 
104 

(79-121) 
128 

(95-142) 
113 

(90-142) 
- 

PTH 

(pmol/L) 

7.0 

(4.8-11.7) 

6.6 

(4.1-22.6) 

8.4 

(4.7-17.8) 

11.2 

(3.6-35.9) 

7.1 

(4.1-10.3) 

6.8 

(3.3-29.1) 

8.4 

(5.1-17.0) 

9.6 

(4.5-33.9) 

ALP 

(U/L) 
82 

(64-106) 
972 

(73-140) 
96 

(74-135) 
97 

(73-156) 
79 

(62-97) 
90 

(65-102) 
83 

(66-104) 
85 

(59-104) 

With CKD 

N (%)  

 

117 (15.00)  
44.00 (5.60) 311 (40.00) 180 (23.10) 29.00 (3.70) 13.00 (1.60) 59.00 (7.60)  23.00 (3.40) 

Without CKD 

N (%) 
156 (23.60) 34.00 (5.10) 271 (41.10) 85.00 (12.80) 57.00 (8.60) 9.00 (1.30) 38.00 (5.70)  9.00 (1.80) 
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were sufficient (p <0.05 and p =0.0001, respectively). More males as compared to females (p 371 

<0.009) were found to be deficient (6.10% vs 5.20%) and insufficient (19.40% vs 16.90%). By 372 

age category, the highest proportion of VDD (7.90%) and insufficiency (20.60%) was seen in 373 

the < 30 years category (Table III).  In patients with CKD, the prevalence of VDD was 5.80% 374 

across all racial groups. 375 

 376 

The median serum calcium level was found to be significantly lower in the deficient group 377 

(2.06 (1.26-2.29) mmol/L) as compared to 2.33 (1.86 - 2.44) mmol/L in the sufficient group (p 378 

=0.001). Median inorganic phosphate and ALP were within the normal reference ranges across 379 

all three categories. Median PTH levels were elevated across all categories (reference range of 380 

1.6-6.0 pmol/L), with a significantly higher level found in the deficient category (11.5 (1.3-381 

32.2) pmol/L) as compared to the sufficient category (p =0.0001) (Table III). 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 
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Table III: Descriptive characteristics according to NAM categories.  396 

  Deficient Insufficient Sufficient 

Overall N (%) 408 (5.50) 1314 (17.70) 5670 (76.70) 

Race Group N (%)    

White 62 (3.20) 255 (13.10) 1617 (83.70) 

Black African 235 (6.70)1 712 (20.40)1 2531 (72.90) 

Indian 48 (6.60)1 133 (18.30)1 544 (75.10) 

Mixed Ancestry 23 (3.60) 104 (16.30) 511 (80.10) 

    

Sex N (%)    

Female 276 (5.20) 899 (16.90) 4087 (77.90) 

Male 127 (6.10)4 400 (19.40)4 1525 (74.50) 

Age Category (%) 51.31(±17.92) 53.30(17.16) 54.94(17.34)2,3 

< 30 7.90 20.60 71.50 

30 -59  5.70 19.30 75.00 

60 -74  4.20 16.80 78.80 

> 74 5.60 17.20 77.00 

CKD 5.80 19.00 75.10 

Calcium (mmol/L) 2.06 (1.26 - 2.29) 2.22 (1.39 - 2.39) 2.33 (1.86 - 2.44)3 

Inorganic phosphate 

(mmol/L) 1.08 (0.43 - 1.41) 1.13 (0.59 - 1.38) 1.09 (0.70 - 1.28) 

PTH (pmol/L) 11.5 (1.3 - 32.2) 9.9 (0.9 - 25.7) 7.4 (1.7 - 14.0)3 

ALP (U/L) 116 (48 - 203) 97 (46 - 138) 86 (47 - 118) 

CKD = chronic kidney disease, PTH = parathyroid hormone, ALP = alkaline phosphatase. Data expressed as percentages, median and 397 

interquartile ranges except age, which is expressed as mean ± SD. 398 

1
p <0.0001 for Black African and Indian, 

2
p <0.05 vs insufficient, 

3
p =0.0001vs deficient, 

4
p <0.009 vs deficient and insufficient females 399 

 400 

Further analysis by race and age (Figure 3) showed that VDD varied across racial groups. 401 

Among those over the age of 74, the prevalence of VDD was highest in Black Africans 402 

(10.50%). 403 

 404 

The highest proportion of VDD were from the Free State (9.1%), Limpopo (6.3%) and the 405 

Eastern Cape (6.2%) provinces. Provinces with the least VDD were North West (1.2%), 406 

Mpumalanga (4.9%) and the Western Cape (3.7%) (data not shown). The study looked at  407 

 408 
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seasonal variation in VDD and noted that it was highest in the winter (7.78%), and the lowest 409 

in late autumn (7.78% vs 3.43%, p =0.0001) (data not shown). 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

  420 

 421 

Figure 3: NAM categories by race and age.  422 

Data expressed as percentages, 1 = <30 years, 2 = 30-59 years, 3 = 60-74 years and 4 = >74 years. 423 

 424 

Creatinine results were available for 1588 patients, of which 844 (53.15%) had CKD. In the 425 

CKD group, 822 (97.39%) and 22 (2.61%) of requests were identified as 25(OH)D and 426 

1,25(OH)2D, respectively. The prevalence of VDD was 6.50% and 7.52%, in males and 427 

females with CKD respectively (Supplementary Table II). 428 

 429 

The LOWESS plots (Figure 4 and Supplementary Figures 1-2) showed an inverse relationship 430 

between the levels of 25(OH)D and the PTH. The results indicated that the point at which 431 

circulating PTH concentration was maximally suppressed differed by race group. It was lowest 432 

in Black Africans and highest in Indians. The threshold could not be estimated in the mixed   433 
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ancestry group due to a small sample size.  434 

 435 

 436 

Figure 4: LOWESS plot for the Black African group. The linear line (    ) is indicative of the 437 

25(OH)D value at which PTH is maximally suppressed.  438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

 446 

 447 
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Discussion 448 

The number of 25(OH)D and 1,25(OH)2D tests received from public sector hospitals and 449 

clinics from across South Africa over a three-year period were evaluated. An increase in test 450 

requests for both 25(OH)D and 1,25(OH)2D, especially for samples from Black African 451 

patients were noted.  There was no change in median 25(OH)D levels over the period. Overall, 452 

the Black African and Indian groups had the highest percentages of VDD and males were found 453 

to have significant lower levels of 25(OH)D as compared to females. The highest percentage 454 

of deficient and insufficient levels were found in patients less than 30 years of age and Black 455 

Africans > 74 years. A provincial variation in the prevalence of deficiency, with more VDD 456 

found in the Free State was noted.  457 

 458 

Both 25(OH)D and 1,25(OH)2D tests numbers demonstrated yearly increases, even though 459 

there was no significant change in median concentrations. Although there are no definitive 460 

testing criteria, routine widespread testing is not recommended in the general population.6, 11, 461 

15 The National Osteoporosis Foundation of South Africa (NOFSA) recommends that testing 462 

should be aimed at high-risk groups.15 These include older adults, especially the frail, 463 

institutionalised elderly, osteoporosis, limited or ineffective sun exposure due to dark skin, 464 

clothing or hospitalisation, malabsorptive diseases, medication that interferes with vitamin D 465 

metabolism and lastly, pregnancy with any of the risk factors as mentioned.15 Increased 466 

research on the health benefits of vitamin D, both in the musculoskeletal system and other non-467 

skeletal systems and frequent media attention over the past years, may have contributed to the 468 

volume trends.3, 4 Similar volume trends have been reported from countries across the globe, 469 

although the observed increases in this study was far lower.3, 4 Recent studies suggest a low 470 

25(OH)D level is an independent risk factor for COVID-19 infection and hospitalisation.16, 17 471 
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We anticipate that this may lead to further increases in test requests. In SA, 25(OH)D and 472 

1,25(OH)2D are not subject to gatekeeping which has been shown to curb overutilization.3, 18  473 

 474 

There is wide variation in 25(OH)D concentrations reported from studies across SA, depending 475 

on the geographical location and the age.1 This study is one of the few that have reported 476 

concentrations by age and sex. Limited data is available for Black African males as most studies 477 

included female participants only.1, 2 Contrary to literature, a lower prevalence of VDD in 478 

females was found.2, 7 Females across all racial groups had a higher 25(OH)D level as compared 479 

to males. This was due to higher D2 levels, suggesting possible supplementation. Additionally, 480 

an increased prevalence of VDD was found in patients less than 30 years which is different to 481 

other local studies carried out in community dwelling adults.1,15 South Africa is known to have 482 

a high burden of infectious diseases such as HIV and tuberculosis as well as non-communicable 483 

diseases, and lower concentrations of 25(OH)D have been reported in patients with chronic 484 

diseases.2 It is likely that underlying diseases may partly explain the increased prevalence in 485 

the younger age groups. The observation that 10.5% of Black Africans above the age of 74 are 486 

deficient, is significant. A number of SA studies have reported VDD in the elderly, though not 487 

by race group.1, 19, 20 The elderly are prone to VDD for a number of reasons including reduced 488 

cutaneous synthesis and daily sun exposure, as well as chronic diseases, and VDD may 489 

contribute to frailty and increased fracture risk.1, 21 This data suggest that this group may benefit 490 

from testing as maintaining sufficient 25(OH)D levels have been shown to promote healthy 491 

ageing and reduction in frailty.21  492 

 493 

The results show that Black African males and females had a higher proportion of CKD, as 494 

compared to other racial groups. Patients with CKD are prone to VDD, with early diagnosis 495 

and intervention leading to a reduction in CKD complications.10, 22  Using laboratory data, we 496 
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were unable to determine the reason for most requests, but it appears that in Black African 497 

patients, monitoring of vitamin D levels in those with CKD may be one of the reasons. 498 

According to the 2017 KDIGO guidelines, in CKD, monitoring with 25(OH)D levels and not 499 

1,25(OH)2D, is recommended.9, 10 Repeat testing should be individualised according to the 500 

baseline values and interventions.10 These guidelines possibly also explains why only 25 501 

patients had both 25(OH)D and 1,25(OH)2D tests requested. 502 

 503 

The PTH threshold was found to differ by race group.  Aloai et al. have demonstrated that 504 

Black females had a lower PTH threshold compared to White females (37 nmol/L vs. 59 505 

nmol/L, respectively).8 While this study was unable to determine a specific cut-off, the 506 

observed threshold in Black Africans was lower than that of White patients. Thus, a single cut-507 

off to define deficiency may not be appropriate in our setting as higher circulating PTH, 508 

secondary to deficiency, may have negative extra-skeletal effects.8, 22  509 

 510 

Overutilization of 25(OH)D and/or 1,25(OH)2D testing significantly increases healthcare 511 

costs.3, 11 Countries such as Canada have introduced specific indications for 25(OH)D testing 512 

which resulted in an 80% reduction in test requests.3, 18 It is imperative that vitamin D testing, 513 

whether 25(OH)D and/or 1,25(OH)2D, be based on evidence-based guidelines that offer testing 514 

for specific populations at higher risk of VDD. While routine testing to monitor 25(OH)D 515 

levels in patients taking supplementation for VDD is not recommended we need to determine 516 

what is appropriate locally.11, 23   517 

 518 

The strengths of this study include a large sample size and a data collection period of three-519 

years. However, our study had a number of limitations. This study did not have clinical data 520 

and information, specifically regarding bone health, making it difficult to assess the reason for 521 
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testing requests, patient profiling and the establishment of appropriate cut-off levels by race. 522 

The majority of the data is from patients seeking hospital care in Gauteng, and we did not 523 

include 25(OH)D and 1,25(OH)2D tests that were done at all NHLS laboratories or the private 524 

sector. Therefore, the yearly volume increases for the country may be different from those 525 

reported here. The findings are not applicable to the entire population and are not representative 526 

of a healthy population. The data is from 2015-17 and current trends may have changed. This 527 

study was unable to further describe the vitamin D profiles in CKD patients due to a small 528 

sample size. Finally, racial groups were determined by imputation which has some limitations.  529 

 530 

Conclusion: 531 

The findings of this study suggest that VDD varies with age and race group, with proportionally 532 

more hospitalised Black Africans and Indians, deficient and insufficient. Those at risk of VDD 533 

include young patients and elderly Black Africans attending hospital. Further work is required 534 

to understand the appropriate cut-off levels to define VDD in our populations. Clear testing 535 

guidelines are needed to curb test overutilization. It might be of value to consider implementing 536 

test gatekeeping. 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 
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Supplementary material 617 

Supplementary Table I: Descriptive characteristics of the unknown category. 618 

Race N (%) Unknown 638 (7.60) 

Sex  Female Male 

N (%) 460 (72.10) 178 (27.90) 

Age (years)  54.1 ± 16.9 48.7 ± 17.5 

Total 25(OH)D 

(nmol/L) 
79.40 (52.90-109.70) 69.80 (51.80-95.40) 

D2 (nmol/L) 18.20 (7.00-63.70) 7.00 (7.00-27.80) 

D3 (nmol/L) 39.50 (23.10-61.20) 50.70 (29.40-69.60) 

1,25(OH)2D (pmol/L) 93 (64-167) 39 (39-39) 

PTH (pmol/L) 7.9 (4.9-12.3) 6.2 (3.0-11.5) 

ALP (U/L) 82 (60-122) 102 (72-133) 

25(OH)D = hydroxyvitamin D, D2 = ergocalciferol, D3 = cholecalciferol, 1,25(OH)2D = di-hydroxyvitamin D, PTH = parathyroid 619 

hormone, ALP = Alkaline Phosphatase, data expressed as median and interquartile ranges except age, which is expressed as mean ± SD. 620 

 621 

 622 

Supplementary Table II: Descriptive characteristics for patients with CKD. 623 

 CKD (n=844) 

 Males Females 

N (%) 281 

(17.65) 

563 

(35.36) 

Age (years) 48.9 ±15.6 55.9 ±17.6 

25(OH)D 

(nmol/L) 

66.70 

(45.40-98.70) 

69.70 

(44.50-106) 

D2 

(nmol/L) 

7.00 

(7.00-22.90) 

7.00 

(7.00-52.90) 

D3 

(nmol/L) 

45.25 
(30.05-65.80) 

38.10 
(25.50-59.00) 

   

Sufficient (%) 67.87 68.44 

Insufficient (%) 25.63 24.04 

Deficient (%) 6.50 7.52 

   

1,25(OH)D 

(pmol/L) 

34.00 

(21.00-47.00) 

112 

(76.00-171) 

Ca 

(mmol/L) 

2.19 

(2.09-2.35) 

2.27 

(2.03-2.43) 

PO4 

(mmol/L) 

1.33 

(1.03-1.75) 

1.18 

(0.97-1.50) 

ALP 

(IU/L) 

103 

(74-150) 

101 

(76-143) 

PTH 

(pmol/L) 

19.8 

(7.5-47.5) 

13.5 

(6.1-33.0) 

25(OH)D = hydroxyvitamin D, D2 = ergocalciferol, D3 = cholecalciferol, 1,25(OH)2D = di-hydroxyvitamin D, PTH = parathyroid 624 

hormone, ALP = Alkaline Phosphatase, data expressed as median and interquartile ranges except age, which is expressed as mean ± SD. 625 

 626 

 627 

 628 
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 629 

Supplementary Figure 1: LOWESS plot for the Indian group. The linear line (    ) is 630 

indicative of the 25(OH)D value at which PTH is maximally suppressed.  631 

 632 

 633 

Supplementary Figure 2: LOWESS plot for the White group. The linear line (    ) is 634 

indicative of the 25(OH)D value at which PTH is maximally suppressed. 635 
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Research Protocol 636 

 637 

 638 

 639 

25(OH) D and 1,25(OH)2D concentrations in patients tested at the 640 

Charlotte Maxeke Johannesburg Academic Hospital. 641 
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Introduction 661 

Vitamin D is important in maintaining health and its biological effects can be divided into a 662 

classical and alternative/ non-classical pathway.(1) The classical pathway is essential for 663 

bone health and maintaining the calcium and phosphate homeostasis in healthy individuals. 664 

The alternative pathway include a wide variety of effects ranging from the inhibition of 665 

cellular proliferation, induction of apoptosis/ terminal differentiation, stimulation of insulin 666 

to its immunosuppressive effects.(1-3) Different cut offs exist to define vitamin D 667 

deficiency and insufficiency.(2, 4, 5) 668 

 669 

Vitamin D deficiency is regarded as a worldwide epidemic.(6, 7) Globally it is estimated that 670 

approximately 1 billion people are affected by vitamin D deficiency and insufficiency.(8)  It 671 

affects all age groups ranging from infants, school children, young men and women, 672 

pregnant women, their neonates and the elderly in rural as well as urban areas.(6)  In 673 

childhood it is associated with growth retardation and skeletal abnormalities, most 674 

commonly rickets. In adults it is associated with muscle weakness, fractures and 675 

osteomalacia.(6) The classical biochemical profile due to bone involvement caused by 676 

vitamin D deficiency is: hypocalcaemia, hypophosphataemia, elevation in alkaline 677 

phosphatase (ALP) and a raise in parathyroid hormone (PTH) termed secondary 678 

hyperparathyroidism. The secondary hyperparathyroidism is a physiological response to a 679 

decrease in intestinal calcium and phosphate absorption due to deficient/ low vitamin D 680 

levels in an attempt to correct the imbalance created by deficient/ low vitamin D levels. (4) 681 

Thus, an inverse relationship exists between vitamin D [25(OH) D] and PTH levels with a 682 

rise in PTH as a consequence of a fall in 25(OH) D levels. 683 

 684 
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Currently 25-hydroxyvitamin D [25(OH)D] is the metabolite used to assess vitamin D 685 

related disorders and the body’s vitamin D stores as it has the longest half-life 686 

(approximately 15days) in vivo compared to all the significant metabolites and as its 687 

metabolism is not subjected to significant regulation.(4) Currently the United States 688 

Endocrine Society and the Institute of Medicine (IOM) define vitamin D deficiency for 689 

adults based on the serum 25-hydroxyvitamin D [25(OH)D] as follows: 690 

 Endocrine Society IOM References 

Vitamin D deficient < 50nmol/L < 30nmol/L (1, 3, 9) 

Vitamin D insufficient 52.5-72.5nmol/L 30-49nmol/L (8) 

Vitamin D sufficient > 72.5nmol/L > 50nmol/L  

Table 1 691 

The IOM concluded the Endocrine Society cut off was based on the PTH level elevation 692 

below 50nmol/L, an increase in calcium absorption above 50nmol/L and a reduction in fall 693 

rates among the elderly when supplemented with 800IU of vitamin D.  The IOM also 694 

concluded that PTH reaches a plateau point at a 25(OH)D level of 72.5nmol/L separating 695 

sufficiency from insufficiency.(10) The concept is that there is a threshold/ plateau point for 696 

25(OH) vitamin D below which there is a rise in PTH (secondary hyperparathyroidism 697 

occurs) termed the PTH threshold.(11) This plateau point is still under debate as age, race, 698 

renal function, body composition and geographical locations seem to influence this 699 

point.(10) There is limited data on the PTH threshold in Africans. A systemic literature 700 

review in 2006 revealed a putative threshold between 25 to125nmol/L while a study carried 701 

out in African Americans and whites showed different cut offs for both races.(9, 11, 12) 702 

Different cut offs are used to define vitamin D deficiency and insufficiency. In our 703 

laboratory we use the United States Endocrine Society reference ranges. 704 
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Studies conducted in Africa suggest that vitamin D deficiency and insufficiency seems to be 705 

common despite yearlong exposure to sunlight.(13) In South Africa, black African children 706 

were shown to have approximately 24% lower levels compared to age-matched white 707 

children. (9) Children of Asian/ Indian descent were found to have insufficient 25(OH)D 708 

levels which were proposed to be due to cultural preference to clothe almost the entire 709 

body.(9) Studies among the elderly population yielded contradictory results with some 710 

studies suggesting a high prevalence of vitamin D deficiency and others stating adequate 711 

levels.(9) A very high level of deficiency has also been reported in Asian men and women 712 

compared to African men and women.(14) 713 

 714 

Vitamin D (calciferol) is recognized as a pro-hormone and comprises of a group of fat-715 

soluble secosterols.(15) Vitamin D exists in two forms, vitamin D2 (ergocalciferol) and 716 

vitamin D3 (cholecalciferol). Sources include endogenous synthesis in the skin (vitamin D3), 717 

food products (vitamin D2) and supplementation (vitamin D2 or D3).(2)  Vitamin D2 and 718 

vitamin D3 circulates bound to vitamin D-binding protein (VDBP) with the result that there 719 

is only a small circulating free fraction. It undergoes hydroxylation in the liver to 25(OH)D, 720 

which is the storage form.(4) In the kidney 25(OH)D undergoes hydroxylation to form 1,25-721 

dihydroxyvitamin D/ 1,25(OH)2D (calcitriol), the biological active form of vitamin D.(4) 722 

This step is regulated by PTH, fibroblast growth factor 23 (FGF-23) and 1,25(OH)2D.(16) 723 

It is estimated that more than 90% of the body’s vitamin D production comes from vitamin 724 

D3 synthesis when skin is exposed to ultraviolet B wavelength sunlight. Therefore, factors 725 

including season, latitude, sun exposure duration, clothing, sunscreen usage and skin 726 

phototype may influence vitamin D3 synthesis.(2, 17) Vitamin D2 is estimated to contribute 727 

a mere 10% to the total 25(OH)D levels due to low dietary intake. The production of 728 

1,25(OH)2D is very tightly regulated which results in little fluctuation of levels, except in 729 
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cases of extreme vitamin-D deficiency or toxicity. 1,25(OH)2D serum concentrations 730 

typically remain between 22–65 pg/ ml. Analysis of 1,25(OH)2D, is only required in limited 731 

circumstances such as in the follow up of patients with chronic kidney disease (CKD) who 732 

receive vitamin D supplementation and in cases like vitamin D–dependent rickets type 1 733 

(inactivating mutation in the 1-hydroxylase gene), autosomal-dominant hypophosphatemic 734 

rickets (mutation of the gene coding for FGF-23, which prevents its breakdown), and X-735 

linked hypophosphatemic rickets (mutations that elevate levels of FGF-23). 736 

 737 

We are receiving increasing volumes of 25(OH)D and 1,25 (OH)2D requests at the Charlotte 738 

Maxeke Johannesburg Academic Hospital laboratory. We do not know how many of these 739 

actually have vitamin D deficiency. There is limited literature on which groups of people are 740 

most likely to have vitamin D deficiency. We also do not know how many of the 741 

1,25(OH)2D requests are associated with CKD or are possibly inappropriately requested. 742 

 743 

Aim 744 

This study will use secondary laboratory data to describe the populations being tested for 745 

both 25(OH)D and 1,25(OH)2D in terms of the IOM guidelines, race, age, gender and renal 746 

function. Additionally, the data will be used to describe the trend of vitamin D profiles over 747 

the three-year period and to determine a possible PTH threshold indicative of vitamin D 748 

deficiency by race. 1,25(OH)2D test utilization as a ratio to 25(OH)D will be described 749 

using benchmarking. 750 

 751 

Objectives 752 

1. To describe vitamin D profiles [both 25(OH)D and 1,25(OH)2D] according to IOM 753 

guidelines by age, gender and race. 754 
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2. To describe the trend in vitamin D profiles [both 25(OH)D and 1,25(OH)2D] over the last 755 

three years with regards to the number of vitamin D requests received and the number of 756 

vitamin D deficient patients. 757 

3. To determine a PTH threshold indicative of vitamin D deficiency by race for those patients 758 

who have normal renal function.  759 

4. To describe vitamin D concentrations [both 25(OH)D and 1,25(OH)2D] in patients with 760 

chronic kidney disease as these patients are expected to receive vitamin D supplementation 761 

either in the form of 25(OH)D or 1,25(OH)2D. 762 

5. To describe 1,25(OH)2D test utilization as a ratio to 25(OH)D to assess appropriate testing. 763 

 764 

Methodology 765 

Study design 766 

The retrospective study will be used to assess vitamin D levels for samples tested by the 767 

Department of Chemical Pathology at the National Health Laboratory Service at CMJAH. 768 

1. 25(OH)D and 1,25(OH)2D results (from 1 January 2015 to 31 December 2017) will 769 

be retrieved from the Laboratory Information System (LIS).  770 

2. We will retrieve any associated calcium, PTH, creatinine, phosphate and alkaline 771 

phosphate results. 772 

 773 

Sample population 774 

Vitamin D profiles for adults (> 18 years of age) will be assessed looking at the proportions 775 

in the different groups described by race, renal function tests: chronic kidney disease (CKD) 776 

and non-chronic kidney disease and vitamin D status: deficient, insufficient and sufficient 777 

according to IOM guidelines. Seasons of the year will be categorized as winter (June to 778 

August), spring (September to November), summer (December to February) and autumn 779 
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(March to May). A pilot study conducted on October 2017 vitamin D data from the National 780 

Health Laboratory at CMJAH revealed approximately 56 complete vitamin D profile 781 

requests of which 14 had chronic kidney disease. 782 

 783 

Method of sample selection 784 

Convenience sampling will be used to select all patients that received a Vitamin D test [25 785 

(OH)D]. If there is an accompanying 1,25(OH)2D test that will be requested as well.  786 

Inclusion/ Exclusion criteria 787 

Inclusion criteria: all complete vitamin D profiles, [as defined by a request for 25(OH)D, 788 

PTH and CMP with or without an accompanying creatinine/ eGFR and 1, 25(OH)2D] from 1 789 

January 2015 to 31 December 2017. Accompanying results that are taken within a week of 790 

the 25 (OH) D results will still be utilized. 791 

Exclusion criteria: incomplete vitamin D profiles [defined as lacking an accompanying 792 

PTH or CMP request], any sample from subjects < 18 years or with no age recorded and 793 

duplicate samples. 794 

Methodology for lab tests 795 

These are in the Appendices. 796 

We will have two groups of patients: adults with and without CKD. 797 

 798 

Data Analysis 799 

Data analysis will take place from 1 December 2018 till 31 March 2019. 800 

Analysis will be conducted using the Stata software package version 12 (College Station, 801 

TX, USA). The Shapiro-Wilk’s test will be used to test for normality. The results of non-802 

normally distributed data will be reported as medians and interquartile ranges (IQR) and for 803 

normally distributed data as means and standard deviations (SD). Non-normally distributed 804 
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data will be transformed to achieve normality (log transformed or square root). Contingency 805 

tables (2x2) will be used to define renal function and vitamin D status for adults, see 806 

Appendix 2. The PTH threshold will be determined by means of a locally weighted 807 

regression smoothing scatterplot (LOESS). This is a non-parametric method for fitting a 808 

smooth curve that best characterizes the relationship between 25(OH)D and PTH. 809 

Multivariate regression analysis using season, age, gender, race and creatinine will be used 810 

in a model to assess the determinants of 25(OH)D status. The correlations between serum 811 

calcium, ALP and 25(OH)D as well as 1, 25(OH)2D will also be assessed using either linear 812 

correlation or Spearman correlation, depending on if the data is parametric or not.  We will 813 

also look at concentrations of 25(OH)D over the last three years and compare differences by 814 

ANOVA and by the linear trend test. 815 

We will compare proportions of subjects with CKD and 25(OH)D deficiency to those 816 

without CKD but with 25(OH)D deficiency using the chi squared test. 817 

We will compare ratios of 1,25(OH)D2 to 25(OH)D by using benchmarking 818 

comparison.(18)  819 

 820 

Outputs 821 

MMEd for Dr S Botha 822 

Publication 823 

Possible recommendations on appropriate 25(OH)D concentrations based on PTH levels 824 

that may be followed up by a detailed study that involves the body mass index (BMI). 825 

Provide recommendations on the current policy for 1,25 (OH)2 D requests received at the 826 

CMJAH. 827 

 828 

 829 
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Ethics 830 

We have submitted an application to the Human Research Ethics Committee of the 831 

University of the Witwatersrand on the 7th of August 2018.  832 

Funding 833 

No funding is required as vitamin D results will be traced by the LIS system. 834 

Timing 835 

 836 

 837 

 838 

 839 

 840 

 841 

 842 

 843 
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