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Abstract

The objective of this study is to investigate the effects of vitamin A, D and their interaction on the glycaemic control in patients with both diabetes
and tuberculosis. Tuberculosis infection and its treatment induce hyperglycaemia and complicate the glycaemic control in patients with diabetes.
A randomised controlled trial with a 2 X 2 factorial design was conducted in a tuberculosis-specialised hospital in Qingdao, China. A total of 279
patients who have both diabetes and tuberculosis were included in this analysis. The patients received standard anti-tuberculosis treatment
alone (control group), or together with a dose of vitamin A (600 pg RAE/d) or vitamin D (10 pg/d) or a combination of vitamin A (600 pg
RAE/d) and vitamin D (10 pg/d) for 2 months. The effects of the intervention on fasting plasma glucose and 2-h postprandial blood glucose
were investigated by ANCOVA. The analysis was adjusted for baseline values, age, sex, smoking, drinking and antidiabetic treatment as cova-
riates. No significant effect was observed for vitamin A and D supplementation on fasting plasma glucose, 2-h postprandial blood glucose, BMI
and related blood parameters. No interaction was observed between vitamin A and D supplementation for these endpoints. Vitamin A and D
supplementation showed a null effect on the glycaemic control for patients with concurrent diabetes and tuberculosis. Future work should
evaluate the effect of vitamin A and D supplementation on insulin-related indices for these patients and investigate the effect of vitamin D recep-

tor genotypes.
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WHO estimated that there were 10 million new incidences of
tuberculosis worldwide in 2017, in which 0-79 million had con-
current diabetes”. Patients with diabetes are three times more
likely to have tuberculosis®. Syal et al. observed a significant
reduction of the gene expression level of retinol X receptor
and a corresponding significant increase of the gene expression
level of tryptophan-aspartate containing coat protein in type 2
diabetes patients v. healthy subjects®. The presence of trypto-
phan-aspartate containing coat protein was shown to stabilise
phagosome and thus help the survival of pathogenic
mycobacteria®.

The combination of tuberculosis and diabetes also compli-
cates the treatment of these two diseases. Patients with diabetes
had a higher risk of treatment failure, death and relapse for tuber-
culosis treatment™, possibly due to reduced concentrations of
tuberculosis drugs, high rates of drug-resistant tuberculosis,
low treatment compliance or an altered immune response(®.
On the other hand, tuberculosis infection leads to impaired glu-
cose tolerance”. The drugs for tuberculosis treatment may

induce hyperglycaemia. Rifampin and isoniazid, the major anti-
biotics for tuberculosis treatment, can accelerate the clearance of
antidiabetic drugs, augment the intestinal absorption of glucose
and impair insulin secretion®. The optimal treatment strategy for
concurrent tuberculosis and diabetes is not known®.
Insufficient micronutrient intake is typical for tuberculosis
patients®, while nutritional intervention is effective in reducing
fasting plasma glucose!”’. Adjunctive nutritional therapy may be
a potential area to explore for managing concurrent tuberculosis
and diabetes.

In recent years, the effect of vitamin D on diabetes and
glycaemic control has received substantial interest. Two meta-
analyses of randomised controlled trials (RCT) reported a signifi-
cantly lowering effect of vitamin D supplementation on fasting
plasma glucose and insulin resistance in patients with diabe-
tes! 12, A recent large RCT including 2423 participants with pre-
diabetes observed that a daily administration of vitamin D to
maintain a serum 25-hydroxyvitamin D level of more than 100
nmol/l was an efficient approach to prevent the development

Abbreviations: RCT, randomised controlled trial; VA, vitamin A group; VAD, vitamin A and D group; VD, vitamin D group.
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of diabetes!!3'¥. However, the effects of vitamin D supplemen-
tation on diabetic patients with concurrent tuberculosis infection
were rarely reported.

Vitamin A is well known for its role in embryonic develop-
ment and is also required for pancreas development™>'®,
Animal studies showed that vitamin A was required for the main-
tenance of B-cells and insulin secretion”!®. Epidemiological
studies reported conflicting results on the association between
vitamin A and diabetes’??. The largest study including data
from over 3000 participants from the US National Health and
Nutrition Examination Survey found that an increased level of
total serum retinol (free retinol and retinol ester) was associated
with a reduced risk of the metabolic syndrome®”. A case-con-
trol study including 233 participants found a lower serum retinol
level in patients with diabetes®. Clinical trial investigating the
effect of vitamin A supplementation on glycaemic control in
human is absent.

The aim of our study is to investigate the effect of vitamin A, D
and their interaction on glycaemic control in patients with con-
current tuberculosis and type 2 diabetes by a RCT with a 2x 2
factorial design.

Experimental methods
Ethics

The ethics committee of the Affiliated Hospital of the Medical
School of Qingdao University approved the study, which has
a registration number of 20115. The conduction of the trial con-
forms to the Declaration of Helsinki. All participants provided
informed consent.

Study design and population

The current study is a post hoc analysis of our previous RCT
which investigated the effects of adjunctive vitamin A and D
on tuberculosis treatment®?, The previous RCT reported a null
effect of adjunctive vitamin A and D on tuberculosis treat-
ment®?. A significant portion of the included tuberculosis
patients had concurrent type 2 diabetes. We used the data to
investigate the effects of vitamin A and D supplementation on
the glycaemic control in patients with both tuberculosis and type
2 diabetes. The details of the trial design were described previ-
ously®*?» and registered as ChiCTR-TRC-12002546 on the
Chinese Clinical Trial Registry.

We conducted the trial at a tuberculosis-specialised hospital
in Qingdao city of China. The inclusion criteria were: newly diag-
nosed pulmonary tuberculosis (<7-d treatment) and HIV nega-
tive. The exclusion criteria were: use of vitamin A or D
supplements or corticosteroids in the recent month; using
immunosuppressive drugs; extrapulmonary tuberculosis; drug-
resistant tuberculosis; pregnancy or lactation; baseline plasma
Ca > 2-6 mmol/], creatinine > 250 mmol/l or aspartate amino-
transferase > 3 times of the upper limit; having nephrolithiasis,
hyperparathyroidism, organ transplantation, hepatic cirrhosis
or cancer in the past 5 years??.

A 2 % 2 factorial design was employed in this study. The sam-

ple size calculation was reported in our previous publication®®.

A total of 800 eligible participants were allocated randomly
(1:1:1:1) into one of the four groups: (1) the vitamin A (VA) group
(7 200), (2) the vitamin D (VD) group (12 200), (3) the vitamin A
and D (VAD) group (72 200) and (4) the control group (72 200). An
independent researcher used a random-table method to gener-
ate the random sequence, employing a permuted block random-
isation method. The block size was four®?.

Among all participants, 279 patients who had both diabetes
and tuberculosis were included in this study. The primary out-
come of the current study was fasting plasma glucose. The sec-
ondary outcomes were postprandial plasma glucose (after
breakfast, lunch and dinner), BMI and blood parameters.

Procedure

All participants received a standard anti-tuberculosis treatment,
which used combinations of isoniazid, rifampicin, pyrazinamide
and ethambutol. An additional vitamin A oral capsule (600 pg
RAE/d) was provided in a sachet (together with the oral anti-
tuberculosis medication) to the VA group. An additional vitamin
D oral capsule (10 pg/d) was provided in a sachet to the VD
group. An additional vitamin A (600 pg RAE/d) and D (10 pg/d)
oral capsule was provided in a sachet to the VAD group. Only
the oral anti-tuberculosis medication was provided in a sachet
to the control group. The dosage of vitamin A and vitamin D
is according to the recommendation by the Chinese Nutrition
Society®®,

The baseline clinical assessment included chest radiography,
sputum smear, measurement of weight and height. Fasting blood
samples were collected and analysed for fasting plasma glucose
and related blood parameters. The 2-h postprandial plasma glu-
cose was tested after breakfast, lunch and dinner. The demo-
graphic information, including age, education level, marital
status, occupation and smoking, was obtained by a question-
naire at baseline. A three-day 24-h dietary recall was conducted
at the end of the intervention. The dietary nutrition intake was
calculated by the Computer Expert System for Nutrition
Treatment (version 10.1) software, which was developed by
Qingdao  University and reflected the China Food
Composition®”. At the end of intervention, the fasting plasma
glucose, the 2-h postprandial plasma glucose, related blood
parameters and the weight were measured again.

Statistical analysis

The analysis was conducted by the SPSS software (version 25.0).
The significance was detected at a 5% level. The differences of
continuous variables were compared using a # test or a Mann—
Whitney U test. The differences of categorical variables were
compared using a y* test. The 2 X 2 factorial design has two allo-
cations: vitamin A and vitamin D allocation. The influence of one
allocation on continuous outcomes was evaluated by ANCOVA
with baseline value, sex, age, smoking, drinking, antidiabetic
treatment and another allocation as covariates.

Results

A total of 800 patients were enrolled into this study from October
2012 to March 2015 (Fig. 1). Among the included patients, thirty-
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Fig. 1. Trial flow.

nine patients were lost to follow-up. Four hundred eighty-two
patients did not have diabetes and were excluded from the cur-
rent analysis. The remaining 279 patients were included in this
analysis with sixty-two patients in the VA group, seventy-one
patients in the VD group, seventy-one patients in the VAD group
and seventy-five patients in the control group. In order to take
advantage of the efficiency of a 2 X 2 factorial design for studying
main effects, the VA group and the VAD group were combined
as the with-vitamin A group, and the VD group and the control
group were combined as the non-vitamin A group, to investigate
the effects of vitamin A supplementation. Similarly, the VD group
and the VAD group were combined as the with-vitamin D group,
and the VA group and the control group were combined as the
non-vitamin D group, to investigate the effects of vitamin D on
glycaemic control.

Most demographic characteristics were comparable between
the with-vitamin A group and the non-vitamin A group, and
between the with-vitamin D group and the non-vitamin D group
(Table 1). More patients in the non-vitamin A group had insulin
injection instead of oral hypoglycaemics as their antidiabetic
treatment than those in the with-vitamin A group. More patients
in the with-vitamin D group had lifestyle adjustment as their anti-
diabetic treatment than those in the non-vitamin D group. The
non-vitamin A group had slightly more participants consuming
alcohol compared with the with-vitamin A group (5% v. 0 %).
And, the non-vitamin D group had more participants smoking
cigarettes compared with the with-vitamin D group (12% v.
5%). According to the three-day 24-h dietary recall, the median
retinol equivalent intake was 424-6 ug/d, which was insufficient.
No significant difference was observed for the energy, protein,
carbohydrate, fat, dietary fibre and retinol equivalents intake
either between the with-vitamin A group and the non-vitamin
A group, or between the with-vitamin D group and the non-
vitamin D group (Table 2).

The mean fasting plasma glucose among all patients was sig-
nificantly reduced after the intervention period (mean difference
(MD): -1-6 (95% CI -2-0, —1-1), P<0-001). The mean fasting
plasma glucose at Month Two was 8-:0 mmol/l in the with-vita-
min D group and 81 mmol/l in the non-vitamin D group
(adjusted MD: -0-1 (95% CI -0-8, 0-6), P=0-70) (Table 3).

h

71 for analysis | | 75 for analysis

The mean fasting plasma glucose at Month Two was 8-2
mmol/l in the with-vitamin A group and 7-9 mmol/l in the
non-vitamin A group showing no significant difference between
the two groups (adjusted MD: 0-3 (95 % CI —0-4, 1-0), P=10-37)
(Table 4). No interaction was observed between the vitamin A
and D intervention (interaction coefficient: —1-3 (95 % CI -2-7,
0-1), P=0-07).

The mean postprandial glucose values among all patients
were significantly reduced after the intervention period. The
MD for 2-h postprandial plasma glucose after breakfast, lunch
and dinner were -3-0 mmol/l (P<0-001), -2-9 mmol/l
(P <0-001) and —1-8 mmol/l (P < 0-001), respectively. No signifi-
cant difference between the with-vitamin A group and the non-
vitamin A group, or between the with-vitamin D group and the
non-vitamin D group, was observed for the 2-h postprandial
blood glucose after breakfast, lunch and dinner. Similarly, no sig-
nificant interaction was observed between the vitamin A and D
supplementation. Comparisons were also made among the VA,
VD, VAD and control groups. Using the control group as the
reference, no significant difference was observed for the VA,
VD and VAD groups for the fasting plasma glucose and the
2-h postprandial blood glucose after breakfast, lunch and dinner
(Table AD).

At Month Two, the BMI was similar between the non-vitamin
D group and the with-vitamin D group, and between the non-
vitamin A group and the with-vitamin A group (Table 3). The
blood cell counts, erythrocyte sedimentation rate and Hb were
also similar between the groups. In addition, when comparisons
were made among the VA, VD, VAD and control groups, no sig-
nificant difference was observed for the VA, VD and VAD groups
v. the control group for all the blood parameters (Table A1). No
serious adverse events were reported. Non-serious adverse
events were summarised in our previous manuscript®?.

Discussion

We adopted a 2 X 2 factorial design to investigate the vitamin A,
D supplementation and their interaction on glycaemic control in
patients with both tuberculosis and diabetes. We first report here
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Table 1 Baseline characteristics by treatment allocation
(Mean values and standard deviations; numbers and percentages)

Non-Vitamin A* With Vitamin A Non-Vitamin D With Vitamin D
n Values % or SD n Values % or SD P n Values % or SD n Values % or SD P

Age (years) 146 53.5 11-6t 133 543 12.9 059 137 533 13-0 142 54.5 11-4 0-42

Sex 146 133 0-31 137 142 091
Male 130 89 %%t 113 85% 119 87 % 124 87 %

Female 16 1% 20 15% 18 13% 18 13%

BMI (kg/m2) 139 22.4 32 125 222 34 059 132 224 32 132 22.2 33 0-61

Education completed 146 133 076 137 142 0-54
None 4 3% 5 4% 5 4% 4 3%

Primary school 21 14 % 23 17 % 19 14 % 25 18 %
Class VII-IX 65 45 % 49 37% 62 45% 52 37%
Class X-XII 36 25% 36 27 % 31 23% 41 29%
Diploma or higher 20 14 % 20 15% 20 15% 20 14 %

Marital status 146 133 046 137 142 0-13 §
Single 9 6% 7 5% 12 9% 4 3% §
Married 130 89 % 124 93% 121 88 % 133 94 % 5
Widowed 3 2% 1 1% 1 1% 3 2% b
Divorced 4 3% 1 1% 3 2% 2 1% g

Occupation 146 133 014 137 142 064 <
Unskilled worker or farmer 46 32% 58 44 % 47 34 % 57 40 % o
Professional 20 14 % 13 10% 15 1% 18 13% S
Retired 26 18 % 29 22% 30 22% 25 18 % 0a,
Unemployed 25 17 % 14 1% 18 13% 21 15% 3
Student 1 1% 0 0% 1 1% 0 0% o
Other 28 19% 19 14 % 26 19% 21 15% B

Outdoor activity (more than 2 h/d) 139 32 230% 124 27 218% 0-81 132 29 22.0% 131 30 22.9% 0-86 2

Presently smoke cigarettes 146 11 8% 133 12 9% 0-65 137 16 12% 142 7 5% 0-04 8

Presently consume alcohol 146 7 5% 133 0 0% 0-01 137 5 4% 142 2 1% 0-23 g

Baseline sputum smear 144 132 053 136 140 028
<3 acid-fast bacilli per high-power field 72 50 % 61 46 % 70 51% 63 45 %
>3 acid-fast bacilli per high-power field 72 50 % 764 % 66 49 % 77 55 %

Number of patients with cavities 146 87 60 % 131 76 58 % 079 137 83 61% 140 80 57 % 0-56

Fasting plasma glucose (mmol/l) 133 100 37 123 101 41 091 124 10-4 4.5 132 97 32 0-18

2-h postprandial plasma glucose after breakfast (mmol/l) 134 15.0 55 122 138 5-8 0-09 126 14.7 6-1 130 14.2 5.2 048

2-h postprandial plasma glucose after lunch (mmol/l) 133 133 4.8 118 133 5-0 093 125 133 52 126 133 46 0-95

2-h postprandial plasma glucose after dinner (mmol/l) 130 129 4.5 120 131 51 0-81 122 132 5.2 128 12.7 4.3 0-41

Antidiabetic medication 139 112 81 % 124 98 79% 076 132 110 83% 131 100 76 % 0-16

Antidiabetic treatment 139 124 0-03 132 131 0-04
Insulin injection 67 48 % 48 39 % 62 47 % 53 41 %

Oral hypoglycaemics 27 19% 43 35 % 41 31% 29 22 %
Oral hypoglycaemics and insulin injection 12 9% 5 4% 5 4% 12 9%
Lifestyle adjustment 33 24 % 28 23% 24 18 % 37 28 %

* Non-vitamin A group is the combination of vitamin D group and control group; With-vitamin A group is the combination of vitamin A group and vitamin A and D group; Non-vitamin D group is the combination of vitamin A group and control group;
With-vitamin D group is the combination of vitamin D group and vitamin A and D group.

1 Numerical variables are presented as mean values and standard deviations unless noted otherwise.

1 Categorical variables are presented as number of patients in a specific category and percentages.

N
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Table 2. Daily dietary intake (three-day 24-h recall) of participants
(Mean values and standard deviations)

K. Xiong et al.

Non-Vitamin A Non-Vitamin D

(n129) Vitamin A (n 125) (n122) Vitamin D (n 132)

Mean SD Mean SD Mean SD Mean SD
Energy (kcal) 14772 45121 14749 470-0 1526-3 488-9 14297 4275
Protein (g) 65-3 22.7 64-5 190 65-6 21-8 642 20-1
Carbohydrate (g) 211-0 719 2155 72-0 2223 75-4 204-8 67-5
Fat (g) 41.3 22.3 394 24.3 416 24.2 393 22.3
Dietary fibre (g) 121 65 111 67 12.0 62 112 69
Retinol equivalent (ug), median (IQR) 4071 2915 4323 2779 396-6 295-6 4302 2333

* The difference between the groups (non-vitamin A v. vitamin A group, or non-vitamin D v. vitamin D group) was tested by a ttest for normal data and a Mann-Whitney U'test for non-

normal data.

1 Data are presented as mean values and standard deviations unless noted otherwise.

Table 3. Effects of vitamin D allocation on BMI, glycaemic and blood parameters

(Mean values and standard deviations)

Non-Vitamin With Vitamin
Dt Dt
n Mean SD n Mean SD Adjusted mean difference* 95 % ci P
BMI (kg/m2) 132 225 01 131 224 041 -0-1 -0-2, 0-004 0-06
Fasting plasma glucose (mmol/l) 110 81 07 111 80 07 -0-1 -0-8, 0-6 0-70
2-h postprandial plasma glucose after breakfast (mmol/) 103 111 1.0 91 112 1.0 01 -1.1,1.2 0-93
2-h postprandial plasma glucose after lunch (mmol/l) 102 100 09 89 103 09 0-3 -0-6, 1-3 0-51
2-h postprandial plasma glucose after dinner (mmol/l) 102 103 09 88 103 1.0 -01 -1.1,09 0-89
Total erythrocyte counts (10'%/1) 117 44 02 119 46 02 0-1 -0-1,03 0-18
Erythrocyte sedimentation rate (mm/h) 99 365 70 109 327 72 -38 -111,35 0-31
Hb (g/l) 118 1328 39 119 1352 4.0 24 -2.0, 68 0-28
Total leucocyte counts (10%/1) 119 63 04 119 64 05 01 -04, 05 0-84
Blood neutrophil counts (10%/1) 103 4.4 04 96 45 05 0-1 -0-4, 0-6 0-65
Blood lymphocyte counts (10%/1) 91 1.5 01 95 1.5 01 -0.03 -0-1, 01 0-67
Blood monocyte counts (10%1) 84 02 004 90 02 004 —-0-03 -0-1, 0-01 0-14

* The influence of vitamin D allocation was tested by ANCOVA and adjusting baseline values, age, sex, antidiabetic treatment, smoking, drinking and vitamin A allocation as

covariates.
1 Numerical variables are presented as mean and standard deviations.

Table 4. Effects of vitamin A allocation on BMI, glycaemic and blood parameters

(Mean values and standard deviations)

Non- With
Vitamin A¥ Vitamin A¥
n Mean SD n Mean SD Adjusted mean difference* 95% ci P*  Pior interactionT
BMI (kg/m?) 139 224 01 124 224 0A1 0-02 -0-1,01  0-80 0-36
Fasting plasma glucose (mmol/l) 116 79 06 105 82 07 03 -04,1.0 037 0-07
2-h postprandial blood glucose after breakfast 102 109 1.0 92 113 1.0 0-4 -07,15 0-50 0-56
(mmol/l)
2-h postprandial blood glucose after lunch (mmol/l) 101 100 09 90 103 09 0-4 -06,13 047 0-85
2-h postprandial blood glucose after dinner (mmol/l) 100 10-0 09 90 106 1.0 07 -0-3,1.7 018 0-53
Total erythrocyte counts (10'%/1) 125 45 02 111 4.5 02 -01 -0-3,0-1 0-36 0-33
Erythrocyte sedimentation rate (mm/h) 108 354 68 100 338 73 -1.6 -9.0,57 066 0-37
Hb (g/1) 125 1341 3-8 112 1340 41 -0-1 -4.5,44 0-98 0-71
Total leucocyte counts (10%/1) 126 64 04 112 63 05 -0-1 -0-6,04 068 0-22
Blood neutrophil counts (10%/1) 106 4.5 04 93 4.4 04 -01 -06,05 077 0-50
Blood lymphocyte counts (10%/1) 97 1.5 01 89 1.5 01 0-03 -0-1,02 068 0-11
Blood monocyte counts (10%1) 92 02 004 82 02 0-04 -0.02 -0-1,0-02 0-31 012

* The influence of vitamin A intervention was tested by ANCOVA and adjusting baseline values, age, sex, antidiabetic treatment, smoking,

covariates.

drinking and vitamin D allocation as

1 The interaction between vitamin A and D was tested by ANCOVA and adjusting baseline values, age, sex, antidiabetic treatment, smoking, drinking, vitamin A allocation and vitamin

D allocation as covariates.

I Numerical variables are presented as mean values and standard deviations.
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a null effect of daily administration of 2000 IU vitamin A or 400 [U
vitamin D on the glycaemic control (fasting plasma glucose and
2-h postprandial glucose) of patients with both tuberculosis and
diabetes during their 2-month intensive-phase tuberculosis
treatment.

Previous studies have suggested a beneficial effect of vitamin
D on glycaemic control. In vitro and animal studies indicated that
vitamin D may stimulate insulin secretion and improve insulin
sensitivity in peripheral tissues®>”. A recent meta-analysis
including twenty RCT concluded an improvement in insulin
resistance and fasting plasma glucose by the supplementation
of vitamin D in patients with diabetes!'?. This meta-analysis
found that the lowering effect on fasting plasma glucose only
exited in the subgroup with a vitamin D intervention dosage
higher than 2000 IU/d. The lower intervention dosage in our
study (400 IU/d) could be part of the reasons for the null effect
which was observed in our study. The second reason for the
observed null effect could be the combination of diabetes and
tuberculosis, which complicates the glycaemic control. Third,
vitamin D receptor plays an important role in the modulation
of insulin secretion and sensitivity by vitamin D. The interaction
between vitamin D and vitamin D receptor genotype among the
patients may affect the results. We did not have enough budge to
evaluate this.

During embryonic development, vitamin A is essential for
pancreas differentiation, f-cell formation and maturation(15,16).
Recent studies found that vitamin A was also required for g-cell
maintenance and insulin secretion in adult mice(17,18).
Epidemiological studies reported an inverse association
between the serum retinol concentration and diabetes risk'=%,
However, our RCT observed a null effect of vitamin A supplemen-
tation on glycaemic control for patients with concurrent diabetes
and tuberculosis. To our knowledge, the current trial is one of
the first RCT to investigate the effect of vitamin A supplementation
on glycaemic control.

Although no significant effect of vitamin A and D supplemen-
tation was observed on the glycaemic control of patients with
both diabetes and tuberculosis in the current work, the simulta-
neous antidiabetic treatment significantly reduced the fasting
plasma glucose and postprandial glucose among the patients
after the intervention period.

Our study has several strengths. First, the incidence rate for
concurrent diabetes and tuberculosis was low. We recruited
279 patients with both tuberculosis and diabetes and conducted
one of the largest RCT for the effect of vitamin intake on this pop-
ulation. Second, we adopted a 2x 2 factorial design, which
allowed us to efficiently investigate the effects of vitamin A, D
and their interaction.

A few limitations of our study should be acknowledged. First,
due to insufficient blood samples, we were unable to analyse the
effects of vitamin A and D supplementation on other relevant
parameters (e.g. insulin and inflammation factors). Second, no
placebo was used in our study. Initial survey suggested a low
acceptance rate of placebo in our patients. We decided to use
blank control to improve the enrolment and compliance.
Third, the 2-month duration of the study did not allow us to
evaluate the long-term effects on glycaemic control. Fourth,
the sample sizes for fasting plasma glucose and postprandial

glucose were reduced due to insufficient blood samples for
some participants.

In conclusion, the adjunctive supplementation of vitamin A
and D did not significantly improve the glycaemic control for
the patients with both tuberculosis and diabetes. Future work
should evaluate the effects of adjunctive vitamin A and D on
insulin-related indices of patients with both tuberculosis and dia-
betes, as well as the effects of vitamin D receptor genotypes on
the results.
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