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Abstract

Background
Patients with systemic lupus erythematosus (SLE) often experience anxiety and depression. Recent
studies have shown involvement of intestinal dysbiosis in SLE and also psychosomatic disorders.
However, there are no reports on the gut microbiota pro�le of patient with both conditions: SLE and
anxiety or depression. We aimed to study gut microbiota pro�les among SLE patients with
gastrointestinal symptoms and anxiety or depression by sequencing V3–V4 region of the 16S rRNA gene
from the stool samples.

Results
Of the 41 SLE patients who participated in the study, 53.66% had anxiety and 14.63% had depression. We
found a higher proportion of Bacteroidetes and lower diversity indices in patients with anxiety than in
those without anxiety. We also found a higher proportion of Bacteroidetes and lower
Firmicutes/Bacteroidetes ratios and diversity indices in patients with depression than in those without
depression. Moreover, compared to other groups, patients with symptoms of both anxiety and depression
had the highest proportion of Bacteroidetes and lowest proportion of Firmicutes,
Firmicutes/Bacteroidetes ratios, and diversity indices. Further analysis showed that there was a
signi�cant correlation between the proportion of Bacteroides and the anxiety score (r = 0.349; p = 0.03) as
well as with lupus activity (r = 0.36; p = 0.02). There was also signi�cant correlation between diversity
indices and lupus activity (r= -0.34; p = 0.03 for Chao1 index, r= -0.38; p = 0.01 for Shannon index, and r=
-0.33; p = 0.03 for richness index).

Conclusions
SLE patients with both anxiety and depression showed more unfavorable gut dysbiosis parameter
compared to SLE patients with only anxiety or depression and SLE patients without anxiety or
depression. There was positive correlation between proportion of Bacteroides and lupus disease activity
and negative correlation between diversity indices and lupus disease activity.

Background
Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease with unpredictable
progression in which organs and cells undergo damage initially mediated by tissue-binding
autoantibodies and immune complexes.1,2,3 Lupus disease activity and severity, age, sex, social and
culture problem can lead to psychosomatic problems that complicate patient management.4 A meta-
analysis by Zhang et al showed that the prevalence of depression and anxiety in SLE was 30% and 40%,
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respectively, both of which were assessed using the Hospital Anxiety and Depression Scale (HADS)
questionnaire.5

SLE and psychosomatic disorders are linked by several factors: autoantibodies to nerve cell antigens,6

female hormonal factors,7,8 and gut dysbiosis.9,10 Gut dysbiosis results in the activation of the immune
response that causes in�ammatory reactions in intestinal lymphoid tissue11 and reduction in levels of
short-chain fatty acids (SCFAs), which are sources of nutrition for the epithelium.12 This condition
disrupts the integrity of the intestinal epithelium, which can lead to systemic in�ammation.13

Systemic in�ammation affects neurotransmitter metabolism, causing serotonin de�ciency.14 High levels
of cortisol in in�ammation increase both brain glutamate levels, causing overexcitation, and free radicals,
which impair neuronal activity, causing decreased gamma aminobutyric acid (GABA) production.15 In
addition, bene�cial microbes—whose levels decrease in in�ammation—are a source of neurotransmitters
such as serotonin and GABA. Serotonin de�ciency plays an important role in the pathogenesis of
depression, whereas GABA de�ciency plays an important role in anxiety.16

To date, there have been no published studies on gut microbiota pro�les among SLE patients with anxiety
or depression. Hence, we aimed to determine the gut microbiota pro�les of patients with SLE who had
gastrointestinal symptoms and anxiety or depression.

Methods
The study was conducted at the outpatient clinic of Cipto Mangunkusumo Hospital, Jakarta, Indonesia.
The inclusion criteria were patients with SLE according to the American College of Rheumatology 1997
criteria, age 18‒60 years, and gastrointestinal symptoms (abdominal pain, bloating, diarrhea, or
constipation). Subjects who were pregnant or breastfeeding, experiencing acute infections, receiving
antibiotic therapy, taking yogurt or supplements containing probiotics/prebiotics/synbiotics in the last
three weeks, receiving corticosteroid therapy equivalent to prednisone more than 20 mg/day, and not
willing to participate were excluded. This study was approved by the Research Ethics Committee of the
Faculty of Medicine, University of Indonesia (registration ID: 804/UN2.F1/ETIK/2017). Written informed
consent was obtained from all participants. Demographical data, SLE disease activity score (Systemic
Lupus Erythematosus Disease Activity Index 2000, SLEDAI-2K) and medication information were
collected.

Symptoms of anxiety and depression were assessed using the Hospital Anxiety and Depression Scale
(HADS) questionnaire. Anxiety or depression was de�ned as an HADS score more than 7 for the related
domain. Patients were assisted in completing the questionnaire. Dietary assessment was performed by a
certi�ed nutritionist using a food recall questionnaire.

Patients received explanation and written instructions on how to collect stool samples. Stool nucleic acid
collection tubes (Norgen, Biotec Corp, Thorold, ON, Canada) were used. Fecal samples were stored at − 
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80°C until DNA extraction. DNA extraction was done using QIAamp DNA stool mini kits (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions. DNA purity and concentration were measured
using a NanoDrop 2000 Spectrophotometer (Thermo Fisher Scienti�c, Waltham, MA, USA) and a Qubit
Fluorometer (Invitrogen Life Technologies, Carlsbad, CA, USA). Before ampli�cation, DNA with a purity
ratio of 1.8 to 2.0 was diluted to a concentration of 5 ng/µL. Polymerase chain reaction was performed
using forward and reverse primers speci�c for 16S rRNA. The amplicons were puri�ed by standard
procedures, quanti�ed, pooled, and sequenced using MiSeq Reagent Kits (Illumina, San Diego, CA, USA)
according to the manufacturer’s instructions.

After sequencing, the reads were assembled using FLASH (v1.2.7, http://ccb.jhu.edu/software/FLASH/),
and the data were analyzed on the USEARCH pipeline (https://www.drive5.com/usearch/) using default
parameters. Unique reads and their abundance values were generated using the ‘fastx_uniques’
command in USEARCH. Operational taxonomic unit (OTU) clustering and chimera removal were
performed using the UPARSE algorithm to produce OTUs with > 97% similarity. Taxonomic a�liation of
each OTU was predicted with USEARCH against the Ribosomal Database Project Training Set v.16. Alpha
diversity (richness, Chao1, and Shannon) indices were calculated in USEARCH using OTU tables
normalized to 10,000 reads.

Other statistical analyses were performed using IBM SPSS statistics (version 20.0.0; IBM Corp., Armonk,
NY, USA). Data were expressed as mean ± standard deviation (for normally distributed data) and median
(interquartile range for data with skewed distributions). Comparisons of numeric data between the two
groups were analyzed using independent t-tests if the data were normally distributed. Otherwise, the
comparisons were analyzed using the non-parametric Mann–Whitney U test. P-values < 0.05 were
considered statistically signi�cant.

Results
All subjects were women (n = 41) with median age was 33 years. Table 1 shows the characteristics of the
subjects. The median body mass index, SLEDAI-2K score, and steroid dose were 21.6 kg/m2, 12, and 5
mg equivalent to prednisone per day, respectively. The proportions of patients with anxiety and
depression in this study were 53.66% and 14.63%, respectively with 12.2% of the subjects had both
anxiety and depression. About 43.9% subjects did not experience anxiety or depression.
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Table 1
Patient characteristics

Characteristics n = 41

Age (years), median (min‒max) 33 (19‒47)

Body mass index (BMI) (kg/m2), median (min‒max) 21.6 (12.99‒41.08)

SLEDAI-2k, median (min‒max) 12 (4‒32)

Steroid dose (mg/day equivalent to prednisone), median (min‒max) 5 (0‒20)

Steroid sparing agents, n (%)  

- Hydroxychloroquine 2 (4.9)

- Mycophenolate mofetil 27 (65.9)

- Azathioprine 6 (14.6)

- Cyclosporine 2 (4.9)

Other medications, n (%)  

- Proton pump inhibitor 20 (48.8)

- Statin 2 (4.9)

Food intake (g/day)  

- Carbohydrate, mean (SD) 185.5 (64.27)

- Fat, median (min‒max) 40 (18.58‒83.52)

- Protein, mean (SD) 47.46 (21.84)

- Fiber, median (min‒max) 9.52 (1.75‒38.8)

HADS-A, mean (SD) 7.88 (2.82)

Anxiety (HADS-A > 7), n (%) 22 (53.66)

HADS-D, median (min‒max) 5 (0‒14)

Depression (HADS-D > 7), n (%) 6 (14.63)

BMI = body mass index, SLEDAI-2k = systemic lupus erythematosus disease activity index 2000; SD = 
standard deviation; HADS-A = Hospital Anxiety and Depression Scale–Anxiety, HADS-D = Hospital
Anxiety and Depression Scale–Depression

The characteristics and gut microbiota comparison between SLE patients with and without anxiety are
shown in Table 2. The median SLEDAI-2k scores were 14 and 10 in the anxiety and non-anxiety groups,
respectively. The proportion of Bacteroidetes was higher and the diversity indices were lower in SLE
patients with anxiety than in patients without anxiety. The characteristics and gut microbiota comparison
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between SLE patients with and without depression are also shown in Table 2. Among patients with
depression, the use of proton pump inhibitors was higher (83.33%) than in the patients without
depression (42.86%). Food intake was lower in patients with depression than in those without depression.
Among SLE patients with depression, the proportion of Bacteroidetes was higher, whereas the proportion
of Firmicutes, the Firmicutes/Bacteroidetes ratio, and the diversity indices were lower than in patients
without depression. The most severe gut dysbiosis was seen in the group that experienced both anxiety
and depression: the highest proportion of Bacteroidetes and the lowest proportion of Firmicutes,
Firmicutes/Bacteroidetes ratio, and diversity indices (Table 3).
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Table 2
Characteristics and gut microbiota pro�les of SLE patients with anxiety and/or depression

Characteristics Anxiety Depression

Yes (n = 22) No (n = 19) Yes (n = 6) No (n = 
35)

Age (years), mean (SD) 30.14
(7.978)

33.21
(8.873)

30 (24‒
47)

33 (19‒
45)

BMI (kg/m2), median (min‒max) 21.43
(12.99‒
28.35)

21.6
(17.36‒
41.1)

23.64
(9.58)

22.16
(3.92)

Coexistence of depression and anxiety, n
(%)

5 (22.73%) 1 (5.26%) 5 (83.33%) 17
(48.57%)

SLEDAI-2k, median (min‒max) 14 (4‒32) 10 (6‒22) 12 (6‒18) 12 (4‒32)

Steroid use (mg/day equivalent to
prednisone), median (min‒max)

5 (0‒20) 5 (0‒20) 5.5 (5‒10) 5 (0‒20)

Concomitant drug use        

- PPI, n (%) 10 (45.45%) 10
(52.63%)

5 (83.33%) 15
(42.86%)

- Statin, n (%) 1 (4.55%) 1 (5.26%) 0 (0%) 2 (5.71%)

Food intake (g/day)        

- Carbohydrate, mean (SD) 169.2
(65.21)

204.37
(59.3)

158.44
(81.43)

190.14
(61.1)

- Fat, mean (SD) 38.78
(14.05)

48.43
(15.51)

31.48
(9.09)

45.27
(15.38)

- Protein, mean (SD) 42.58
(21.76)

53.12
(21.09)

33.6
(15.88)

49.84
(22.01)

- Fiber, median (min‒max) 8.38 (1.75‒
38.8)

10.49
(2.59‒37)

6.48
(1.75‒
10.78)

9.85
(2.59‒
38.8)

Gut microbiota        

Bacteroidetes proportion (%), mean (SD) 53.21
(12.59)

51.56
(13.52)

53.07
(8.08)

52.34
(13.63)

Firmicutes proportion (%), mean (SD) 33.68
(15.29)

32.21
(32.7)

30.32
(11.88)

33.46
(14.34)

SD, standard deviation; BMI, body mass index; SLEDAI-2k systemic lupus erythematosus disease
activity index 2000; PPI, proton pump inhibitor.
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Characteristics Anxiety Depression

Yes (n = 22) No (n = 19) Yes (n = 6) No (n = 
35)

Actinobacteria proportion (%), median
(min‒max)

0.5 (0.03‒
9.1)

0.74
(0.05‒2.3)

0.76
(0.48‒
2.31)

0.53
(0.03‒
9.1)

Verrucomicrobia proportion (%), median
(min‒max)

0 (0‒2.67) 0 (0‒1.23) 0 (0‒0.02) 0 (0‒
2.67)

Proteobacteria proportion (%), median
(min‒max)

6.18 (1.83‒
40.5)

9.02
(4.39‒
37.3)

7.16
(1.83‒
40.5)

7.83
(2.03‒
37.3)

Fusobacteria proportion (%), median (min‒
max)

0.04 (0‒
26.7)

0.06 (0‒
3.21)

0.15 (0‒
0.71)

0.04 (0‒
26.7)

Firmicutes/Bacteroidetes ratio, median
(min‒max)

0.57 (0.18‒
3.6)

0.55
(0.22‒1.6)

0.58 (0.27) 0.77
(0.65)

Diversity index        

- Richness index, mean (SD) 846.45
(150.7)

873.26
(112.35)

783
(187.32)

871.9
(120.73)

- Shannon index, mean (SD) 4.36 (0.45) 4.48 (0.39) 4.25 (0.5) 4.45 (0.4)

- Chao1 index, mean (SD) 852.45
(151.7)

879.77
(113.2)

787.55
(187.92)

878.41
(121.6)

SD, standard deviation; BMI, body mass index; SLEDAI-2k systemic lupus erythematosus disease
activity index 2000; PPI, proton pump inhibitor.
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Table 3
Comparison of gut microbiota between SLE patients with anxiety and depression, anxiety or depression,

and no anxiety or depression
Gut microbiota pro�le Anxiety and

depression (n = 5)
Anxiety only
(n = 17)

Depression
Only

(n = 1)

No anxiety or
depression (n = 18)

Firmicutes proportion (%),
mean (SD)

27.04 (9.8) 35.63
(16.28)

46.7 31.4 (12.35)

Bacteroidetes proportion
(%), mean (SD)

54.6 (8) 52.8 (13.83) 45.4 51.9 (13.83)

Firmicutes/Bacteroidetes
ratio, mean (SD)

0.49 (0.17) 0.85 (0.83) 1.03 0.7 (0.45)

Diversity index, mean (SD)

- Richness index 780.8 (209.34) 865.76
(130.8)

794 877.67 (113.91)

- Shannon index 4.17 (0.51) 4.42 (0.42) 4.67 4.47 (0.4)

- Chao1 index 785.36 (210.01) 872.19
(131.76)

798.5 884.29 (114.7)

SD = standard deviation

Further analysis showed that the disease duration was signi�cantly correlated with the depression score
(r=-0.426, p = 0.01) (Fig. 1). Analysis at the genus level showed that the proportion of Bacteroides was
signi�cantly higher in SLE patients with anxiety than in those without anxiety (33.45% vs. 9.78%; p = 0.02)
(Fig. 2a). There was also a signi�cant correlation between the proportion of Bacteroides (genus level) and
the anxiety score (r = 0.349, p = 0.03) (Fig. 2b). The proportion of Bacteroides also had a signi�cant
correlation with SLE disease activity (r = 0.36, p = 0.02) (Fig. 2c). Diversity indices (Chao1, Shannon, and
Richness index) also showed signi�cant correlation with SLE disease activity (r= -0.34, p = 0.03; r= -0.38,
p = 0.01; r= -0.33, p = 0.03, respectively) (Fig. 3a-c).

Discussion
In our study, the median SLE disease activity score among patients with anxiety was higher than in
patients without anxiety. High disease activity might be a physical stressor for patients with SLE, which
can cause anxiety.17 In addition, we found lower food intake among patients with anxiety, which seems to
contradict the theory of emotional eating in anxiety. This difference might be explained by the higher
comorbidity of depression in the anxiety group than in patients without anxiety. Depression can cause
anhedonia, which results in decreased food intake.18

We found a negative correlation between the disease duration and the depression score. This may be
explained by Kübler-Ross’ theory, which states that there are �ve stages of grieving: denial, anger,
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bargaining, depression, and acceptance.19 Thus, it is likely that patients with longer disease duration had
reached the stage of acceptance.

SLE has a two-way relationship with gut dysbiosis. Gut dysbiosis can worsen the pathology of
autoimmunity, and SLE can change gut microbiome patterns (dysbiosis). Pro-in�ammatory conditions in
SLE can also disrupt intestinal integrity. In dysbiosis, which is caused by various factors such as
infection, drugs, and dietary patterns, pathogens are more dominant than normal intestinal �ora and
activate intestinal lymphoid tissue. This response results in the overactivation of lymphocytes and the
transregulation of regulatory T cells to Th17 cells. Interleukin-17 (IL-17) released by Th17 cells ampli�es
the immune response and activates B cells to produce autoantibodies.13 Thus, intestinal dysbiosis can
cause loss of self-tolerance in SLE in the preclinical stage.

A study by Hevia et al. had shown that SLE patients have lower Firmicutes/Bacteroidetes ratios (median
ratio 1.97) than healthy subjects (median ratio 4.86).20 A low Firmicutes/Bacteroidetes ratio is one of the
parameters of gut dysbiosis.11 The median Firmicutes/Bacteroidetes ratio in our subjects was 0.56
(min‒max 0.18‒3.6). In this study, we also found a signi�cant correlation between some gut microbiota
parameters (Bacteroides proportion and diversity indices) and disease activity. A higher proportion of
Bacteroides and lower diversity of gut microbiota correlated with higher SLE disease activity.

Pathobionts are potentially pathogenic microbes that can release toxins.21 The predominant phylum in
the gut is Bacteroidetes, a pathobiont.12 Bacteroidetes are microbes that tend to be pathogenic and
disrupt the integrity of the intestinal epithelium to cause in�ammation.22 These conditions can result in
changes in synapse architecture, synapse de�cits, immune system defects, and progressive
in�ammation.23 In our study, Bacteroidetes counts were found to be higher among SLE patients with
anxiety than in those without anxiety. A similar �nding was also found in SLE patients with depression.
Bacteroides, the main genus in the phylum Bacteroidetes, are pathogenic, highly virulent microbes in the
intestine that trigger in�ammatory reactions in the intestine.12,24

Bacteroides fragilis is a facultative, gram-negative, anaerobic bacterium, which comprises a large
proportion of the gut microbiota. It secretes various neurotoxins, including the highly pro-in�ammatory B.
fragilis lipopolysaccharide (BF-LPS).23 BF-LPS can trigger the production of nuclear factor-κB, which
causes the transcription of a group of proin�ammatory microRNAs. In addition to Bacteroides in the
gastrointestinal tract, Bacteroidetes also play a role in the secretion of glycoproteins, SCFA imbalance,
and the production of toxins.25

In�ammation causes the conversion of tryptophan—the precursor of serotonin—to kynurenine, which
causes serotonin de�ciency. The increased levels of kynurenine cause neurotoxicity and
neurodegeneration.14 In addition, in�ammation is associated with high cortisol levels, which can cause
neurotoxicity and decrease GABA production.15 The de�ciency of GABA and serotonin can also occur
because GABA-producing microbes and serotonin-producing microbes are suppressed by pathobionts.16
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GABA de�ciency plays a role in the pathogenesis of anxiety,16 whereas serotonin de�ciency plays a role
in depression.10

Other contributors to dysbiosis are low diversity indices.26 In this study, lower diversity indices were found
in SLE patients with anxiety than in those without anxiety and in SLE patients with depression than in
those without depression. Loss of microbial diversity is the most constant �nding of gut dysbiosis, which
may affect the function of the microbial community. High biodiversity helps to maintain a stable
ecosystem so that the gut becomes more resilient to many insults.27

In this study, there was a lower proportion of Firmicutes and Firmicutes/Bacteroidetes ratio among SLE
patients with depression. Firmicutes are the main gut microbiota that produce SCFAs12 and also produce
a number of neurotransmitters.16 A lower proportion of Firmicutes may cause in�ammation and
de�ciency of many neurotransmitters, which may result in depression. Our �nding was consistent with
that of a study by Jiang et al., which showed a decrease in Firmicutes levels and an increase in
Bacteroidetes levels in subjects with depression.28

Patients who experienced both anxiety and depression showed the most severe gut dysbiosis compared
to the other groups. In this group, we found the highest proportion of Bacteroidetes and the lowest
proportion of Firmicutes, Firmicutes/Bacteroidetes ratio, and diversity indices. Severe dysbiosis can result
in a de�ciency of neurotransmitters and in�ammation, which might worsen psychosomatic disorders.16

The gut microbiome-brain axis is a complex multidirectional system involving the gut microbiota, the
enteric nervous system, and the brain. Gut dysbiosis can cause psychosomatic disorders, and
psychosomatic disorders can cause gut dysbiosis by affecting dietary patterns.8 In our study, we found
lower food intake (carbohydrate, fat, protein, and �ber) in SLE patients with anxiety than in those without
anxiety and also in SLE patients with depression than in patients without depression. Lower carbohydrate
and �ber intake are risk factors for intestinal dysbiosis.29 In addition, psychosomatic disorders activate
the hypotalamus-pituitary-adrenal axis, which can increase the level of cortisol and disrupt the integrity of
the intestinal epithelium.8

This is the �rst study to report the gut microbiota pro�les of SLE patients with anxiety or depression,
which can give new insight in the pathogenesis and management of psychosomatic problems in SLE
patients. However, this study also had limitation. The sample size was small. This study only assessed
anxiety and depressive symptoms based on a questionnaire, not based on interviews. In addition,
psychosomatic disorders have various in�uencing factors, including educational background, social and
economic factors.

Conclusions
SLE patients with both anxiety and depression showed more unfavorable gut dysbiosis parameter
compared to SLE patients with only anxiety or depression and SLE patients without anxiety or
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depression. There was positive correlation between proportion of Bacteroides and lupus disease activity
and negative correlation between diversity indices and lupus disease activity.
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Figures

Figure 1

Correlation between disease duration and depression score
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Figure 2

Bacteroides in SLE patients (a) according to anxiety status (b) correlation with anxiety score and (c)
correlation with SLE disease activity score.
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Figure 3

Correlation of diversity indices: (a) Chao1 index, (b) Shannon index, and (c) Richness index with SLE
disease activity (SLEDAI-2K).


